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RESUMO
CARACTERIZACAO DE MILHO CRIOULO E DESFOLHA ARTIFICIAL DE
HIiBRIDO SIMPLES

AUTOR: Adan Marcel Puc Uitzil
ORIENTADOR: Velci Queirdz de Souza

O milho ¢ um dos cereais mais importantes, sendo cultivado em diversos paises no mundo, pois
tem papel fundamental na alimenta¢do humana e animal, sendo também indispensavel para
industria. No entanto, a tendéncia de superar a produtividade deste cereal ¢ um desafio
constante. Dessa forma, os objetivos do presente trabalho foram: caracterizar familias Si, Sy e
S3 de milho crioulo quanto ao desenvolvimento fenoldgico, exigéncia térmica e sincronia floral;
revelar os efeitos da desfolha artificial realizada durante a maturacao filologica sobre os
componentes de rendimento em hibridos simples de milho submetidos a diferentes densidades
de semeadura. O estudo 1 (E1) foi conduzido na safra agricola 2015/2016 na area experimental
da Universidade Federal de Santa Maria, Campus de Frederico Westphalen (UFSM-FW). Para
isto, foram estudadas 34 familias segregantes em diferentes geracdes, oriundas de quatro
populagdes de milho crioulo (Planalto, Dente de Ouro, Argentino Amarelo e Argentino
Branco). Para isso, cinco hibridos comerciais foram utilizados como testemunhas. Para o
Estudo 2 (E2), foram utilizados dois hibridos simples (DKB 240 VT PRO® e DKB 290 VT
PRO®). O experimento foi realizado no municipio Redentora/RS, na safra 2014/2015, em
delineamento de blocos casualizados com esquema fatorial 2x2x2 (hibrido, desfolha e
populacdo de plantas). Em El, as familias AASiF1, DOS;sF3, ABS:F2, ABSs;F1, PLSF1,
PLSsF1, PLS3F2 e PLS3F3 tiveram sincronia na floragao. A duragao dos estadios vegetativos
das familias foi relativo a quantidade de folhas desenvolvidas e as familias com maior nimero
de folhas demandaram maior exigéncia térmica para atingir a floragdo, indicando assim, que
maior tempo ¢ necessario para desenvolver maior nimero de 6rgaos fonte para atender uma
maior biomassa. Para E2, a desfolha total na maturacao fisiologica afeta negativamente os
componentes de rendimento da espiga, sendo o comprimento de espiga (5,6), a massa de grao
por espiga (10,9) e a massa de espiga (8,9) e o rendimento de graos diminui (9,5%). O aumento
na populagdo de plantas reduziu o nimero de graos por fileira (14,4), a massa de espiga (22), a
massa de graos por espiga (21,3), a massa de mil graos (10,6), o comprimento de graos (3,8), a
largura de graos (3,9) e o rendimento de graos (9,5%). A desfolha artificial na maturagdo
fisiologica e populagdes altas de plantas influenciaram negativamente os principais
componentes de produgio do milho. O hibrido DKB 290 VT PRO® foi superior com a massa
de graos por espiga (6.9), comprimento de espiga (16.3) e comprimento de graos (4%) em
relagdo ao hibrido DKB 240 VT PRO®.

Palavras-chave: Zea mays L. Dano foliar. Maturacdo fisiologica. Caraterizagdo. Antese.



ABSTRACT

CHARACTERIZATION OF LANDRACE CORN AND ARTIFICIAL DEFOLIATION
OF SIMPLE HYBRIDS

AUTOR: Adan Marcel Puc Uitzil
ORIENTADOR: Velci Queirdz de Souza

Corn is one of the cereals most important, being cultivated in several countries in the world,
has a fundamental role in human food and animal, and being it also indispensable in industry.
However, the tendency to overcome the productivity of this is a constant challenge. Thus, the
objectives of the present study were: characterize families Si, S> and S3 from landrace corn as
to phenological development, thermal demand and flowering synchrony; reveal effects of
artificial defoliation in philological maturity on yield components of corn hybrids, in different
plant populations. The study 1 (E1) was carried at the farm harvest 2015/2016 in the
experimental area of the Universidade Federal de Santa Maria, Campus of Frederico
Westphalen (UFSM-FW). For this, 34 segregating families were studied in different
generations, belonging to from four populations of landrace corn (Planalto, Dente de ouro,
Argentino amarelo and Argentino branco). For this, five commercial hybrids were used as
controls. For the study 2 (E2) were used two simple hybrids DKB 240 VT PRO® e DKB 290
VT PRO®). The experiment was carried in the municipality of Redemption/RS, in the harvest
2014/2015, in a randomized block design in a factorial 2x2x2 (hybrids, defoliation and plant
population). In El, the families AAS|F1, DOS:;F3, ABS;F2, ABSs;F1, PLS|F1, PLS;F1,
PLS3F2 and PLS3;F3 had flowering synchrony. The duration of vegetative stages of families
was relative to the quantity of leaves developed. The families with the high number of leaves
demanded high thermal requirement to reach the flowering, indicating that more time is needed
to develop a high number of source-organs to maintain a higher biomass. For the E2, the total
defoliation in the physiological maturity negatively affects the yield components of the ear,
reducing ear length (5.6), the kernel mass per ear (10.9), the ear mass (8.9) and the grain yield
(9.5%). The increase in plant population has reduced the number kernel per row (14.4), the
kernel weight (22), the kernel mass per ear (21.3), the thousand kernel weight (10.6), the kernel
length (3.8), the kernel width (3.9) and grain yield (9.5%). Artificial defoliation in physiological
maturity and high plant populations negatively influenced the main components of maize
production. The DKB 290 VT PRO® hybrid presents superiority on kernel mass per ear (6.9),
ear length (16.3) and kernel length (4%) in relation to DKB 240 VT PRO® hybrid.

Keywords: Zea mays L. Leaf damage. Physiological maturity. Characterization. Anthesis.
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1 INTRODUCAO

O milho (Zea mays L.) é o grao mais produzido no Mundo, sendo o Brasil o terceiro
maior produtor mundial com 78,69 milhdes de toneladas produzidas em 2015 (CONAB, 2015),
destacand-se como um cereal de suma importancia na alimentagdo humana e animal, assim
como na fabrica¢ao de diversos subprodutos economicamente importantes (ALVES, 2012). A
descoberta de recursos genéticos promissores ¢ uma importante atividade, pois identifica-se
e/ou caracteriza-se materiais exoticos ou semi-exoticos de milho, sendo estes possiveis
materiais a serem utilizados no melhoramento genético da cultura. Nos centros de
diversificagdo e bancos de germoplasma muitos materiais sdo pouco explorados, desta forma,
a exploracdo da variabilidade genética no desenvolvimento de linhas elites se torna restrito
(ARAUJO; NASS, 2002).

Para isso, conhecer a fenologia da cultura ¢ fundamental para compreender e interferir
em cada um dos estadios de desenvolvimento da planta, relacionado a duragdo/sincronismo
entres os estadios, permitindo assim um manejo mais adequado da cultura. Com o estudo da
fenologia, o conhecimento da relacio com os elementos edafoclimaticos, fitopatologicos,
entomologicos, fitogenéticos e fitotécnicos, com os fatores planta/ciclo, podem ser mais
precisos (FANCELLI; DOURADO NETO, 1999). A maximizagao do rendimento de graos ¢
dependente da conversao da radiacao interceptada em fitomassa e da eficiéncia de mobilizacao
de fotoassimilados para as estruturas da espiga (SANGOI et al., 2002). Por exemplo, hibridos
superprecoces de milho apresentam estas carateristicas em destaque (SANGOI et al., 2013).
Outro fator que influencia diretamente no rendimento dos graos das culturas € a alta densidade
de plantas, sendo esta dependente do tipo de hibrido utilizado (MARCHAO et al., 2007), e
também os estresses bioticos e abidticos em que as plantas podem ser submetidas
(MAGALHAES et al., 1995; MAGALHAES et al., 1998; FANCELLI; DOURADO NETO,
2000). E para predizer os efeitos negativos dos estresses bioticos e abidticos sobre o rendimento
dos graos, vem-se utilizando a desfolha artificial das culturas (SILVA, 2012).

Neste contexto, no presente trabalho objetivou-se:

1° artigo: avaliacdo dos estadios fenologico, sincronia floral e demandada térmica em
familias de milho crioulo em diferentes geracdes de autofecundagao.

2° artigo: avaliagdo dos efeitos da desfolha artificial nos componentes de rendimento da

espiga em hibridos simples de milho, conduzidos em diferentes densidades de plantas.
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1.1 PROBLEMA

Embora existam gen6tipos de milho altamente produtivos, € importante buscar materiais
tolerantes para as condigdes de baixa tecnologia, como ¢ o caso da agricultura familiar ou de
pequenos produtores (OLSON; MORRIS; MENDEZ, 2012). Dessa forma, ¢ importante a
conservagdo da diversidade, assim como o estudo para determinar populagdes ou familias elites
para uma carateristica importante (EOIN, 2016). Por outro lado, a contaminagdo de variedades
locais de milho, via introgressdo de genes presentes em graos de pdlen; ou mesmo com a
chegada da revolugdo verde décadas atrés, trazendo hibridos que se expandiram pelo mundo;
foram responsaveis pela reducao da diversidade de matérias locais com alelos que poderiam ser
muito importantes (STEWART; HALFHILL; WARWICK, 2003).

Os estresses bioticos e abidticos sdo os principais responsaveis por afetar negativamente
a produtividade de graos de hibridos de milho (LIMA et al., 2010). Por outro lado, fatores de
manejo, como a colheita antecipada, antes que ocorra a maturagdo fisioldgica; pode ser
determinante no enchimento e consequentemente no rendimento final de graos (SALA;
ANDRADE; WESTGATE, 2007). A alta populagao de plantas em hibridos simples de milho
nem sempre ¢ a adequada para aumentar o rendimento de graos, embora esta seja recomendada
para materiais precoces € superprecoces em funcdo do acelerado desenvolvimento e alta

eficiéncia fotossintética (SANGOI et al., 2013).

1.2 HIPOTESES

Considerando que entre os genotipos sem selec¢ao artificial, como milho crioulo, podem-
se encontrar materiais com genes que expressem carateres de interesse agrondmico para
condi¢des desfavoraveis, e que a reducao na area foliar em hibridos simples de milho pode
acarretar em danos que comprometam o rendimento de graos, assim como, uma alta populagado
de plantas pode aumentar a produtividade, foram formuladas as seguintes hipoteses:

[) Dentro de familias Si, S2 e S3 de populagdes de milho crioulo existem familias
promissoras para ciclo de desenvolvimento e sincronia floral;

II) Familias S;, S2 e S; de populagdes de milho crioulo sdo importantes para
compreender a demanda termina e a biomassa foliar nos estddios vegetativos e reprodutivos;

IIT) A desfolha total na maturagdo fisiologica compromete os componentes do
rendimento da espiga de hibridos simples de milho;

VI) A alta populacao de plantas reduz o rendimento de graos em hibridos simples de

milho.
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1.3 OBJETIVOS
1.3.1 Objetivo geral

Determinar parametros relacionados a fenologia e desenvolvimento em familias
segregantes do milho crioulo e avaliar o efeito da desfolha artificial e alta densidade

populacional de plantas em hibridos simples de milho.

1.3.2 Objetivos especificos

Caracterizar familias Si, So e S3 de quatro populagdes de milho crioulo quanto ao
desenvolvimento fenologico, exigéncia térmica e sincronia floral.
Revelar os efeitos da desfolha artificial na maturagdo filologica, nos componentes de

rendimento de dois hibridos simples de milho, em duas densidades de semeadura.

1.4 JUSTIFICATIVA

As presentes pesquisas se justificam, pela importancia econdmica do milho para a
industria e para a alimentacao humana e animal. Neste contexto, ¢ indispensavel a identificagao
de genotipos com potencialidade para serem utilizados na criagdo de novas linhagens elites e
consequentemente novos hibridos, melhor adaptados e mais produtivos. Por outro lado, a
identificagao de fatores que possam prejudicar o desenvolvimento da cultura, como a area foliar

e a populagdo de plantas sao determinantes para se alcangar melhores produtividades de graos.

2 REVISAO DE LITERATURA

2.2 A CULTURA DO MILHO

O milho (Zea mays L.) teve um papel muito importante na revolugdo verde, sendo uma
das culturas mais estudadas no mundo. O milho tem grande importancia econdmica, social e
ambiental, em fun¢do da sua fonte de amido para alimentacdo, destacando-se também como
matéria prima para a producgdo de etanol (HERTEL et al., 2010). Atualmente, ¢ o cereal mais
produzido no mundo, tendo como principais produtores os Estados Unidos da América, China
e Brasil, e este tltimo produziu 78,69 milhdes de toneladas em 2015. A nivel Nacional, os
principias estados que se destacam na producdo deste grao sao: Minas Gerais, Rio Grande do

Sul e Parana (6,08, 5,10 e 4,36 milhoes de toneladas) milhdes de toneladas (CONAB, 2015).
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2.1.1 Origem

O milho ¢ uma graminea pertencente ao reino Plantae, divisio Magnoliophyta, classe
Liliopsida, ordem Poales, familia Poaceae, subfamilia Panicoideae, tribo Maydeae, género Zea
e espécie Zea mays L. e possui 2n = 2x = 20 cromossomos (PATERNIANI; CAMPOS, 1999).
Varios trabalhos tém sido desenvolvidos para identificar a origem da cultura, no entanto, até o
momento a hipotese mais aceita € que seja produto da evolugao do teosinto. Tem como centro
de origem o Sul da América do Norte, especificamente no México, onde o milho e o teosinto
apresentam maior diversidade e variabilidade (PIPERNO et al., 2001). As evidéncias mais
antigas da domesticacdo e usos como alimento, foram encontrados em zonas arqueologicos
nesse mesmo Pais, onde pequenas espigas descobertas datam de mais de 5.000 anos de
antiguidade (WILKES, 1979, 1985).

Estudos baseados em marcadores moleculares genéticos mostram evidéncias de uma
grande similaridade do milho com outras diversas espécies de cereais. Diversos trabalhos
mostraram uma relacdo durante a evolu¢ao entre o milho e sorgo (HULBERT et al., 1990;
WHITKUS; DOEBLEY; LEE, 1992; LIN et al., 1995); milho e arroz (AHN; TANKSLEY,
1993); milho e trigo (DEVOS et al., 1994) e milho e festuca (XU; SLEPPER; CHAO, 1995).
Também se tém descoberto homologias em um determinado grupo de regides gendmicas do

milho, trigo e arroz (AHN et al., 1993; PATERSON et al., 1995).

2.1.2 Melhoramento genético

O melhoramento genético ¢ um processo dinamico e continuo na selecao minuciosa das
melhores plantas, visando aumentar as frequéncias de genes/alelos desejaveis de caracteristicas
de interesse agrondmico em materiais promissores. As caracteristicas favordveis apresentadas
pelo milho € seu sistema reprodutivo, o que fazem da cultura um modelo para estudos genéticos
em espécies alogamas (VIEGAS; PEETEN, 1987). A heterose tem mostrado todo seu potencial,
devido a implementagdo de técnicas modernas de manejo na cultura, como o controle de pragas
e doencas, adubagdo, irrigacdo, novas ferramentas de biotecnologia, dentre outras, (TTAN et al.,
2011). Estudos da relagdo fonte-dreno na planta, permitiu uma distribuicdo mais equilibrada

dos assimilados na cultura, melhorando o enchimento de graos (FRACHEBOUD et al., 1999).

2.1.3 Pré-melhoramento

Os programas de pré-melhoramento sdo responsaveis para gerar novas populagdes, que

serviram de base para programas de melhoramento e também para auxiliar na identificagcdo de
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padrdes heterdticos voltados a criagdo de hibridos. Marshall (1989) indica a falta de programas
de pré-melhoramento como fator limitante para o aproveitamento adequado do germoplasma
de variedades existentes e linhas exdticas. O Banco de Germoplasma do CIMMYT tem como
compromisso fornecer materiais com caracteristicas especificas de interesse, desta forma,
também objetiva conservar e ampliar a diversidade do milho. Sendo assim, acessos de milho,
devem passar por estudos em programas de pré-melhoramento, visando a identificagdo de

carateres de interesse para aplicacoes futuras (TABA, 1994).

2.1.4 Variedades de polinizacao aberta

A criagdo de novos cultivares de milho do tipo varietal, variedades de polinizacao aberta
ou variedades melhoradas, tém como resultado um potencial produtivo superior quando
comparadas a tradicionais variedades crioulas ou locais (EMYGDIO et al, 2008). A
superioridade para estes materiais pode ser atribuida, em parte, ao processo de melhoramento
utilizado, como por exemplo, a selecao para estresses abioticos (tolerancia a seca, ao aluminio
no solo e ao baixo uso de insumos), e também, a propria constituicao genética dessas novas
variedades, em geral, desenvolvidas a partir de populacdes (EMYGDIO et al., 2008). Dessa
forma, sdo matérias com base genética ampla (alta variabilidade), sendo de suma importancia
pois contribui para o aumento produtivo e sua maior estabilidade.

Considera-se trés fatores que posicionam os cultivares de milho do tipo varietal, como
uma opg¢ao de cultivo para agricultores que possuem pequenas propriedades, sendo estas:

semente de baixo custo, producdao das proprias sementes, maior plasticidade destas em

condicdes de estresse, sendo uma vantagem diante dos hibridos (Reunido, 2008).

2.1.5 Hibridos

Linhagens endogamicas sdo utilizadas na forma¢do de novos hibridos, onde cada
linhagem envolvida para o cruzamento possui uma ou mais carateristicas de interesse
agrondmico, que serdo transferidas para as progénies que vao expressar vigor hibrido
(PATERNIANI, 2001). A descoberta da heterose ¢ um recurso extremamente importante,
utilizadas pelos melhoristas (Brewbaker, 1969), O inicio da explora¢do da heterose foi no ano
1908 por George Harrison Shull, no seu trabalho publicado “A composi¢ao de um campo de
milho”, Shull demostrou que multiplos ciclos de autofecundagdo em plantas de milho

apresentavam consideravel redu¢do no vigor e no rendimento. No entanto, em algumas
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progénies hibridas oriundas das linhagens homozigotas, os resultados foram surpreendentes,
pois muitos apresentaram produtividade maior a de seus progenitores (SHULL, 1908).

Existem sete tipos de hibridos classificados por Paterniani e Miranda Filho, (1978), sdo
eles: top-cross; hibrido simples; hibrido simples modificados; hibrido triplo; hibrido duplo;
hibrido multiplo e hibrido intervarietal. Dentre estes hibridos os mais comuns sdo os duplos,
triplos e simples (PATERNIANI, 2001). Os hibridos simples s3o potencialmente mais
produtivos quando comparado com outros hibridos desenvolvidos. Estes tém uma maior
uniformidade de plantas e espigas (CRUZ e PEREIRA FILHO, 2009).

A duragdo do ciclo de desenvolvimento (superprecoce: 780 a 830; precoce: 831 a 890;
tardio: 891 a 1.200 STa°C dia™') dos hibridos é importante na hora da escolha, de acordo com
as condi¢cdes da regido e do nivel de tecnologia empregado. Os hibridos simples, de ciclo
precoce, sao predominantes entre os cultivados (CRUZ; PEREIRA FILHO, 2007), genétipos
precoces, geralmente tendem a ter menor nimero de folhas, desta forma, a planta tende a ter
um menor porte (ALMEIDA et al., 2000). Por conseguinte, a competi¢ao intraespecifica torna-
se potencialmente menor, capaz assim de maximizar o rendimento de graos destes materiais de
ciclo curto, sendo possivel nestes casos, elevar a populagdo de plantas por area (SANGOI,

2000).

2.1.6 Milho crioulo

O milho crioulo apresenta uma ampla variabilidade genética, existem aproximadamente
300 ragas, dentre estas, a sua maioria politipicas. A cultura ¢ caracterizada pelo sistema
reprodutivo monoico, com polinizagdo aberta (PATERNIANI; CAMPOS, 1999). Estes
materiais, foram amplamente domesticados e grande parte destes estdo conservados em bancos
de germoplasma, como fonte de alelos. A maioria destes sdo cultivados por pequenos
agricultores e incorporados no sistema de agricultura familiar ou agroecologica. Estes genotipos
prolificos (com duas ou mais espigas), em condigdes variaveis de estresse apresentam
rendimentos mais estaveis (ALDRICH et al., 1982; RITCHIE; HANWAY, 1989). Estas
variedades, sdo cultivadas normalmente no seu ambiente de origem, onde se desenvolvem
satisfatoriamente (TEIXEIRA et al., 2005). O produtor seleciona e produz suas proprias
sementes e as mantem por geragdes. De forma geral, para estes sistemas de cultivo, o milho
crioulo ¢ o mais adequado devido a melhor adaptacdo, onde normalmente se apresentam

individuos resistentes a pragas e doengas especificas da regido (REUNIAO, 2008).
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Nos centros de diversificagdo e bancos de germoplasma muitos materiais de milho
crioulo, s3o pouco explorados, mas estes podem apresentar genes de interesse para atuais
programas de melhoramento genético (ARAUJO; NASS, 2002). Assim, dentre estes existem
os genes ou alelos chamados, tipos selvagens, que ndo sofreram nenhuma alteragcdo em relagao,
por meio da intervencdo do homem, via selecdo artificial. Estes podem existir de diferentes
formas, dentre rearranjo cromossomico e genes mutantes na populagdo (GUPTA; TSUCHIYA,

1991).

2.1.7 Fenologia

O milho possui um ciclo vegetativo muito variado, se considerado hibridos ou
variedades cultivadas, existem os superprecoces, cuja polinizagao pode iniciar 30 dias apos a
emergéncia, até os mais tardios, que podem alcancar 300 dias (FANCELLI; DOURADO
NETO, 2000). Entretanto, nas condigdes do Brasil, esta cultura apresenta um periodo
compreendido entre a semeadura e a colheita que fica entre 110 e 180 dias.

Segundo Fancelli e Dourado Neto (1999), o ciclo da planta envolve as seguintes etapas
de desenvolvimento: (I) germinacdo e emergéncia: periodo da semeadura até o aparecimento
da plantula, o qual em fungao da temperatura e umidade do solo pode variar de 5 a 12 dias; (II)
crescimento vegetativo: periodo entre a emissao da segunda folha e o inicio do florescimento.
Esta etapa apresenta muita variabilidade, sendo este fato frequentemente empregado para
caracterizar os tipos de materiais genéticos (variedades ou hibridos) de milho, quanto a duragao
do ciclo; (IIT) florescimento: periodo entre o inicio da polinizagao e o inicio da frutificagdo,
cuja duragdo fica em torno 10 dias; (IV) frutificacdo: periodo desde a fecundagdo até o
enchimento dos grdos, sendo sua duracdo entre 40 e 60 dias; (V) maturidade: periodo entre o
final da frutificagao e o aparecimento da chamada “camada preta”, sendo este curto e indicativo
da culminagdo do ciclo completo da planta, denominado também, ponto de maturagdo
fisiologica. A presenca da “camada preta” representa a quebra do elo de ligacdo entre a planta
mae e o fruto, considerado como o momento oportuno para a colheita, entretanto, a existéncia
da alta umidade nos graos (35 a 45%) € uma limitante para a realizacdo dessa pratica, mediante
uso de colhedoras convencionais.

Para uma maior facilidade de manejo e estudo, assim como objetivando o
estabelecimento de correlagdes entre elementos fisioldgicos, climatologicos, fitogenéticos,
anatomicos, morfoldgicos e fitotécnicos, com o desenvolvimento da planta, o ciclo da cultura

do milho foi dividido em estadios distintos, segundo Ritchie e Hanway (1989): (I) VE
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(emergéncia); (II) V1 (planta com a primeira folha desenvolvida); (III) V2 (segunda folha
desenvolvida); (IV) V3 (terceira folha desenvolvida); (V) V4 (quarta folha desenvolvida); (VI)
V(n) (“n” igual ao nimero da folha desenvolvida); (VII) VT (emissdo da inflorescéncia
masculina); (VIII) R1 (emissdo da inflorescéncia feminina); (IX) R2 (graos bolha de agua); (X)
R3 (graos leitosos); (XI) R4 (graos pastosos); (XII) RS (formagdo de dente) e R6 (maturidade
fisiologica) (RITCHIE; HANWAY, 1989). No entanto, segundo Kiniry e Bonhomme (1991),
os estadios de desenvolvimento anteriormente mencionados das inflorescéncias femininas sao
identificados mediante a avaliagdo do nimero de folhas plenamente expandidas ou
desdobradas. Dessa forma, a folha do milho considera-se desdobrada quando esta apresenta a
linha de unido do limbo foliar com a bainha (ligula) identificavel. Para os posteriores estadios
a emissdao da inflorescéncia feminina, a identificagdo devera ser realizada com base no

desenvolvimento e consisténcia dos graos (FANCELLI; DOURADO NETO, 2000).

2.1.8 Assincronismo floral

O assincronismo entre a emissdo dos graos de polen e a receptividade dos estilos-
estigmas da espiga, ¢ a responsavel pela falta de graos nas extremidades da espiga. Geralmente
em campo, a liberagao do polen acontece no final da manha e no inicio da noite. O estresse
hidrico e temperaturas elevadas (superior a 35°C) podem comprometer drasticamente a
producdo final de grios (MAGALHAES et al., 1994; MAGALHAES et al.,1999; FANCELLI;
DOURADO NETO, 2000). Por outro lado, o efeito da endogamia, se ocorrer autofecundagao,
pode expressar plantas com carateristicas contrastantes na morfologia, fisiologia e ciclo

vegetativo, desta forma, gerando assincronia (WORKU et al., 2016).

2.1.9 Desfolhacio artificial

A posigao e alocagdo da area foliar da planta contribui de forma diferente na producao
de fotoassimilados, o terco inferior mantém a oferta energética demandada para o sistema
radicular, os ter¢os médio e superior suprem as estruturas morfologicas e reprodutivas do apice
da planta (ALVIM et al., 2011). A area foliar ¢ responsavel por processos de fotossintese,
respiracdo e transpiragdo (MONDO et al., 2009). Perdas em area foliar podem ser atribuidas a
danos ocasionados por insetos, doengas e por intempéries climaticas.

Segundo Lima et al. (2010) a reducdo do rendimento de grdos ¢ consideravel quando o
ocorre desfolhamento na cultura do milho. Estes danos a é4rea foliar diminuem a eficiéncia

fotossintética da planta devido a reducdo da interceptacdo da radiagdo fotossinteticamente ativa
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(SANGOI et al., 2014). Diversos trabalhos tém demonstrado os efeitos negativos causados pelo
estrese na planta, em fungdo da reducdo da area foliar, simulando danos fisicos ocasionados por
insetos, doencgas, entre outros, para revelar a influéncia negativa na planta o se reflete no
rendimento total de graos. Estas pesquisas foram executadas desde estadios vegetativos até
reprodutivos (SANGOI et al., 2001; SALA et al., 2007; THOMISON; GEYER, 2009; ALVIM
et al., 2010; LIMA et al., 2010; ALVIM et al., 2011; PEREIRA et al., 2012; SANGOI et al.,
2012, 2014; SOUZA et al., 2015).

2.1.10 Populacio de plantas

No milho sdo determinantes para se obter maior produtividade, praticas como o aumento
da populacao de plantas e a escolha do arranjo espacial entre plantas na area (ALMEIDA et al.,
2000). Isto acontece pelo fato da planta possuir uma minima capacidade de emissao de afilhos
férteis, em funcdo de sua organizacao floral monoica e curto periodo de florescimento
(SANGOI et al., 2002). O incremento na densidade populacional pode favorecer a interceptagao
da radiagdo solar da cultura (SANGOI et al., 2002). Assim, caracteristicas presentes nos
hibridos modernos de milho, tais como ciclo mais curto, porte mais baixo, menor niimero de
folhas e folhas com angulagdao mais ereta (STRIEDER et al., 2007), podem ser responsaveis
pelo aumento no potencial de resposta desses hibridos, pincipalmente em hibridos simples
(KVITSCHAL et al., 2010). Plantas sob altas densidades, podem apesentar competicao
intraespecifica por recursos, como luz, agua e nutrientes (VALENTINUZ; TOLLENAAR,

2004), o que pode afetar o rendimento final.
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3 ARTIGO I - PHENOLOGICAL DEVELOPMENT AND FLOWERING
SYNCHRONY IN INBREEDING FAMILIES Si, S; AND S; OF MAIZE LANDRACES
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3.1 ABSTRACT

Corn is one of the most studied cereals in the plant breeding. By its large variability and
genetic diversity, there exists a large number of few-studied genotypes which may possess great
potential of productivity; it is therefore of fundamental to study the behavior of these. Thus, the
main way to reveal this is through the understanding of their phenology. The aim of this study
was to characterize families Si, S; and S3 from maize landraces with respect to their
phenological development, thermal demand, and flowering synchrony, aiming to determine
promising families. The experiment was carried out in Frederico Westphalen, Rio Grande do
Sul, Brazil, in 2015/2016 growing season. The experimental design was in augmented blocks.
34 segregating families were evaluated in different generations from four populations of
landrace corn (Planalto, Dente de Ouro, Argentino Amarelo and Argentino Branco). Five
hybrids were used as controls, AG 8690 PRO3®, AG 9045%, P 1630®, P 1630® and 2A525®.
The phenological traits evaluated were: number of leaves issued from planting to germination
(VE), total number of leaves issued from planting to last leaf (Vn), considering the duration in
days. The characterization of tasseling (VT) and silking (R1), from planting to the time when
50% of plants, by family, released pollen and emitted silks, respectively, in days. The thermal
demand was estimated from the sum of degree-days from planting to the time when 50% of the
plants were in anthesis stage (VT). The flowering synchrony was estimated by the intervals
between VT and R1, in days. The families AASiF1, DOS3F3, ABS,F2, ABSs;F1, PLS;F1,
PLSsF1, PLS3F2 and PLS3;F3 showed synchrony. The duration of vegetative stages of families
was concerned with the quantity of developed leaves. The families with the greatest number of
leaves demanded greater thermal demand in order to reach the flowering, indicating that more

time is needed to develop a greater number of source organs to meet the greater biomass.

Keywords: Zea mays L., phenological development, pré-breeding, termal demand.
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3.2 INTRODUCTION

The corn is a gramineous considered as polytypic with suitability for cultivation through
continents because of its large variety of races and cultivars (Fornasieri Filho, 2007). It has been
converted into one of the main sources of many countries with production capacity, given by
its favorable climatic conditions and ability to acquire more advanced technology. In the context
of food safety, contemplated providing the most sophisticated to mitigate the same. However,
the deployment of hybrids of high technology has been shown to be ineffective in terms of
production of small farmers with low technology of cultivation (Olson, 2012).

In Latin America, the landraces have been an important impact on the food of poor or
less-developed (Shiferaw et al., 2011). The preservation, study and selection of materials of
populations elite, can provide for small farmers, access to a suitable material before the
cultivation conditions for they practiced (Dyer et al., 2014; Prasanna, 2012). In Brazil, there is
evidence that in specific regions, small producers prefer landraces for their aggressiveness and
their phenotypic plasticity. These materials when evaluated in the systems of low technological
stage showed to be highly competent and economically viable, compared to high-technology
hybrids (Pipolo et al., 2010). Brazil has a large germplasm bank of landraces which may be
used in breeding programs aimed at maximize its productivity (Carvalho et al., 2004). The
important contribution of maize variant in these scenarios, the investment of governmental
institutions in the maintenance and improvement of these varieties is necessary (Olson, 2012).

The compression of the phenological development of a species specifies is of
fundamental importance, being a tool that helps determine the behavior of the vital events of its
cycle. Thus, this also allows to correlate edaphoclimatic elements and predict risks for decision-
making are crucial to the success of the crop. To differentiate the effect of temperature on the
phenology of corn is important to define the sensitivity of development compared to an
environment, which will determine their production potential (Kumudini et al., 2014). The
thermal demand of a culture will determine your development and adaptation to their
environment. The corn crop is highly influenced by biotic and abiotic factors, having effects on
the photoperiod and expressing genetic responses (Castro, 2005). The thermal stress can be
extremely harmful to tissue soaked in development, inhibiting the photosynthesis, may cause
damage to membranes and enzymes (Taiz and Zeiger, 2010). The styles-stigmas or pollen
grains can be harmed in the intervals of pollination by the interference of a thermal stress, the

latter being stages more likely (Ritchie et al., 1993).
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The phenological stages are crucial in the development of the plant. To determine the
behavior of these stages is fundamental for the choice of populations who will join in a genetic
breeding program. Thus, the aim of this study was to characterize three families in three
generations of self-fertilization (Si, S2 and S3y from maize landraces as the development,
phenological thermal demand and floral synchrony, aiming to determine families promising to

participate in future breeding programs of study.

3.3 MATERIAL AND METHODS

The experiment was carried out in the 2015/2016 growing season in the city of Frederico
Westphalen, Rio Grande do Sul, Brazil, and the geographic coordinates 27°23'26"S,
53°25'43"W, 461 m asl. According to the climate classification of K&ppen, the climate is
considered as Cfa (average air temperature in the three coldest-months: -3 to 18°C, with
prevalence of precipitation in all months of the year and with average air temperature in the
hottest-month between 22°C).

The experiment was conducted in an augmented blocks design (Federer, 1956) with
three replications. In each block four populations of maize were sown. Each population
contained three families in three generations of self-pollination (Si, Sz and S3) (Table 1). We
used five commercial hybrids as control (Table 2), these being interspersed in each population.

The sowing was manually carried on December 7, 2015 in pre-demarcated and fertilized
lines. The plots were composed by two 10-plants-rows spaced by 90 cm. The spacing between
plants were 20 cm, corresponding to a density of 55,555 plants per hectare. The fertilization,
weed control, insect pests and diseases, were carried out according to the need of culture.

The traits evaluated in all plants of each family were: number of days from planting until
germination (VE), number of days until the issue of the last leave (Vn), number of days until
pollen emission (VT) and number of days until the issue of receptive silks (R1). For this, we
used the methodology of Ritchie et al (1993). We also determined the existence of synchrony
and asynchrony floral, considering the number of days between VT and R1 stages.

The families were classified by their cycle based on thermal sum per day in degree-days,
until the male flowering, i.e., when 50% of the plants were awarded at VT. In the same way, it
was determined the degree days until the female flowering, when 50% of the plants had the silk
exteriorized. The base temperature was 10°C, for the entire crop cycle according to the
recommendation of Berlato and Matzenauer (1986). The thermal sum per day was obtained

according to the equation established by Arnold (1960) (Equation 1).
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Equation 1:

GD = Z[Tmax;Tmm —Tbj

Where, GD is the total degree-day accumulated between the emergence and flowering;
T max is the air daily maximum temperature (°C); T min is the air daily minimum temperature
(°C); TB is the base temperature (°C) recommended of Berlato and Matzenauer (1986); n is the
number of days in the period of planting to the male/female flowering. The accumulated thermal
sum (STa °C day), was calculated STa=XGD, being from planting to flowering male. It was
considered the classification exposed by Fancelli and Dourado Neto (2000), to the thermal sum
accumulation up to the male flowering of landraces and hybrids. Where: Materials with STa
780 to 830 (STa °C day™) are considered young, from 831 to 890 (STa °C day') stages and 891
to 1,200 (STa °C day™). The degree days were also referred to the female flowering, being from
planting to the issue of silk.

Climatic data were collected from the meteorological station of the INMET, located in
the laboratory of Agroclimatology UFSM- Campus of Frederico Westphalen, Rio Grande do
Sul, Brazil. Located approximately 200 meters from the experimental field.

The data were subjected to descriptive analysis with the aim of obtaining the mean,
median, mode and variance of each family as the sum accumulated thermal wanted in flowering
male. In the same way, we obtained the measurements for the female flowering to compare the
difference between these and estimate the synchrony floral. Data analysis was by means of

software: Excel 2010 and Genes (Cruz, 2013).
3.4 RESULTS AND DISCUSSION

In the analysis of frequency distribution for the families and hybrids, the mean, median
and mode, assumed different values. In this way, the symmetric distributions, asymmetric both
positive and negative it was observed for the thermal sum (Table 3).

According to distribution presented in Table 3, it is observed that some families do not
have the measurements and dispersion. In these cases, the family was represented by a single

plant. This fact was due to a lack of rain in two short periods (Figure 1), being the first 11 days
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and the second 15 days, which combined with the temperatures relatively high, caused the death
of plants more susceptible, especially so, the superiors as to this stress.

As the cycle (Table 3), it is observed that the families: AASiF1, AASF2, AASF3,
AAS>F1, AAS:F2, AAS;F3, AAS3:F1, AAS:;F2, AAS3:F3, DOSF1, DOSF2, DOS;F3,
DOS:F1, DOS:F2, DOS,F3, DOSs;F1, DOS3;F2, DOSsF3, ABS:F2, ABSF3, ABS:FI,
ABS:F2, ABS:;F3, ABS:F1, ABS3F2, ABS3F3, PLSiF1, PLSF2, PLSF3, PLS:F1, PLS2F3,
PLSsF1, PLS3F2 and PLS3F3 stayed in the classification of late cycle, these, between 898.49
and 1076.03 STa°C day'. On the other hand, the only family that was among the early
classification was the ABSF1, with 881.98 STa°C day’'. The family PLS,F2, was the only
super-early, with 648.36 STa°C day™' (Table 3). In this case, we can determine that on the
thermal sum families behave similar to the exception of already mentioned. According to
Duncan (1976), the cycle on the corn between the emergence and the completion of the growing
period, depends to a large extent of genotype, however, can be modified by temperature and
your photoperiod.

It should be noted that among the families of the population of Argentino amarelo to
advance the generations of self-pollination, the cycle was increased, this was very marked in
the following: AAS|F1(988.28 STa°C day™), AASF2 (943.87 STa °C day™'), AASF3 (943.87
STa °C day'); AAS,F1 (1046.78 STa °C day™!), AAS,F3 (1031.43 STa °C day"); AASsF1
(1046.78 STa °C day™), AAS3F3 (1046.78 STa °C day™) (Table 3). According to Bueno et at.
(2006), the effect of generations S; and S, it presents locus in homozygous and heterozygous,
it will differentiate the characteristics of families, may submit changes morpho-agronomical
and functional.

In Figure 2 there are differences between the ranges of release of pollen (VT) and 24 of
the silks (R1). Differences between these faces in the majority of families was visible; however,
were not enough to consider how asynchrony, for panmictic populations. But if, for the more
advanced generations where homozygous lines inbreeding is sought. Only the family AAS;F2
had the highest number of days between all, being that the issue of silk were three days after
the release of pollen. On the other hand, families AASiF3, AAS;F3 and DOS:F3 have issued
the early silk.

It was observed that families AAS1F1, DOS3F3, ABS,F2, ABS3F1, PLSF1, PLS3F1,
PLS;F2 and PLS3F3 showed a proper synchrony, that is, the issue of tassel took on the same
day as the silk. Regarding to the hybrids, it was noticed that all of them had a great time.
According to Ritchie et al. (1993), the VT starts around two or three days before the silks are
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issued. Another feature in the release of pollen is the beginning of the spikelets from the end of
the main axis of the tassel and finished with the release branches below; this process of releasing
pollen can last between seven to 10 days. The maximum releasing pollen happens between three
to four days after anthesis of the first ear. The first silk that emerge from the ear are the base of
the ear, being that the process of silks total exteriorization can last from four to five days. When
these are not fertilized, however, may be receptive to more days if there is no drought.

In this context, speaking of the improvement of families or populations of maize
landraces, it is not recommended to apply a strict selection stop size of the tassel, however,
other morphological characteristics of this, should be considered. Nalin et al. (2014), studying
correlations on the architecture of the corn’s plants, had detected that structures of tassel as the
number of primary and secondary ramifications, influence the reduction of grain yield. In S;
families for presented greater variability, produced up to 22 branches; in this way, being
families do not improved tend to produce a greater number ramifications for release greater
amount of pollen to fertilize a greater number of ears. Plants of landraces tend to be prolific
(more than one ear), in addition to presenting a greater period of releasing pollen, but also have
a longer interval between both steps, a fact which has been observed in the present study. As
for the families that do not presented days of intervals were: AASiF1, DOS;F3, ABS,F2,
ABS;F1, PLSiF1, PLS3F1, PLS3F2 and PLS3;F3 (Figure 2). This shows that in different
generations exist families promising for this trait, even in Si. In this way, also these, they
showed efficient in absorption and synthesis of assimilated, because not showing changes in
the issue of their reproductive organs. According to Goldsworthy (1984), the maximum
photosynthetic capacity of corn is at near to flowering and often accumulating them in tissues.

The results for the phenological behavior of the population of Argentino Amarelo,
revealed a difference between the number of leaves per number of days for all families in every
generation, the development of the leaves of these, had a linear growth. The family AAS/F1,
had nine days from planting to the VE, which was the one that remained in the stage and also
the one that took to change stages, in this way, was the one that had more leaves, being 22 in
68 days. Later presented the anthesis and issue of silks at 69 days. As the families AASF2 and
AASF3, showed a similar behavior, being eight days from planting to VE. The family AASF2
had a total of 21 leaves in 63 days, the anthesis was at 66 days and the issue of silk for 67 days.
The family AASF3 took the total number of 20 leaves, around 65 days and 66 at anthesis and
69 days for the issue of silk (Figure 3).
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Among the families of the generation Sz, showed a similar behavior in comparison to
previous generations. Thus, AAS>F1, AAS>F2 and AAS,F3, showed same time of germination,
requiring eight days from planting to VE. The Families AAS2F1 and AAS:F3 produced a total
of 21 leaves, the first was a total of 69 days and the second at 67, to the anthesis and the issue
of silk were 73 and 71 days respectively. For the family AAS>F3 were 71 days for both phases.
The family AAS;F1 had 22 leaves in 65 days, and to the anthesis and issue of silk were 69 and
67 days respectively, this, presenting a lower number of days (Figure 3).

In relation to the families of generations S3, note how the changes differed radically in
the increase of leaves on a larger time (Figure 3). The families AAS3F1 and AAS3F3 took eight
days of planting to the VE, however, in these families, the largest number of leaves (22) were
very visible, being greater in number of days (72), positioning itself in that they have a greater
range of day for number of leaves, and demanded a large thermal demand of 1046.78 STa °C
day™! for both, thus classified as late-cycle (Table 1). In relation to the anthesis, the two families
showed 73 days, for the issue of silk, the AAS3F1 was in 72 days and for the family AAS3F3,
76 days. The family AAS3F2 took from planting to LV, nine days, however, produced fewer
leaves (21) and less days to reach the VT (67). In relation to the anthesis was in 70 days and the
issue of silk was to 67 days (Figure 3).

With respect to the Dente de Ouro population, it was noticed great differences between
all the families in all generations, it becomes clear that the next generations of self-pollination
in some of the families were reduced to their leaves and consequently the days to anthesis and
the issue of silk. The families of DOSF1, DOSF2 and DOS;F3, it took eight days from
planting to VE. The DOSF2 and DOS/F3, produced 23 leaves, regarding the DOSF2 in 75
days and the DOSF3 and 69 days. To the anthesis and issuing of silk, the DOSF2 had averages
of 75 and 77 days and for the DOSF3 were 71 and 73 days respectively. The family of DOSF1
produced 22 leaves in 67 days and to anthesis and issuing of silk was 72 and 70, respectively
(Figure 4). According to Worku et al., (2016), inbred lines reach the flowering stage in a longer
time than hybrids. Thus, these families were those that most RITCHIE, leaves, in particular the
DOSF2 was the family among all generations and populations that produced more leaves and
reach to VT in more time (days), and by consequent had the largest thermal demand among all
(1076.03 STa°C day™). One of the traits’ maize in the tropics is the production of a greater
number of leaves with larger size in comparison with those of temperate regions. The variations
in the total of leaves are influenced negatively by the time of the initiation of the tassel than by

variations in speed of initiation of leaves (Poething, 1994). In this way, the size of tassel can
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influence to a greater or lesser number of leaves depending on the time of initiation and this
too, demand assimilated, that may be greater if the sink is larger and if joined a start in advance,
this demand would be much greater. However, the gene for foliosity (Lfy) prolongs the
vegetative growth of the stem, prolongs the period of initiation of the tassel and the ear and
increases the number of leaves of different way in different environments (Shaver, 1983).

In the families of generations S» there was an initial growth rapidly in some families,
however, these, to the stages close to VT, presented themselves to an increase similar to the
other. The family of DOS>F1, between the planting to the VE, it took 9 days, produced 23 (V
23) leaves in 72 days and to anthesis (VT) and the issue of silks (R1) was from 74 to 73 days.
For the family of DOS,F2, delayed eight days between planting to VT, and to produce the last
leave 23 (V23) it took 73 days for the VT was in 73 days and for the R1 was in 74 days. as soon
as of DOS,F3, emerged in 9 days (VT), produced the lowest number of leaves (22), in 71 days.
As for VT, was in 71 and to R1, 74 days (Figure 4).

Concerning the families of generations S3, it was observed that these were those which
produced a smaller number of leaves in a smaller number of days. The family DOS3F2 has
reached the stage of VE in 11 days. This showed 22 leaves (V22) before they reach the VT,
which was at 70 days, to anthesis were 73, and for the silk were 74 days (Figure 4c).

The families DOS3F2 and DOS3F3 showed 20 leaves in 63 and 62 days, respectively,
these characteristics were accompanied by a reduction in the height and intensity of green
coloring. With respect to the anthesis and the issue of silk were observed lower number of days,
being 64 and 65 for the family DOS3F2 and, 63 and 63 days for DOS3F3, respectively. These
stages were reduced, and it is also observed reductions in number of branches and the size of
the tassel. According to Bueno et al. (2006), these are the features affected by inbreeding,
however, the characteristics will be reduced again observed balanced out in hybrid progenies.
Thus, noticed that the most advanced generations (S3) in these families, showed these desirable
characteristics, which can be considered as family elite in obtaining inbreeding line.

Regarding to the families of the Argentino Branco population, was observed a similar
behavior with regard to the families of the population before, because they were the ones that
also showed a lower number of leaves. All the families of the Si had eight days from planting
to the VE, however, families ABS|F1 and ABS;F3, had a total number of leaves of 21, in an
average of 64 and 65 days, respectively. As to the anthesis and issue of silk were around 62 and
66 days respectively. For the family ABSF2 the total number of leaves was 22, at an average
of 65 days to anthesis and the issue of silk, were in 64 and 66 days respectively (Figure 5).
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Among the families of the generation of S, it was observed that there were families
with a lower number of leaves, as well, with a smaller number of days. The family ABS,F2
showed 20 leaves in 62 days and, being required 66 days to anthesis the issue of silk. The family
ABS>F1 showed 21 leaves in 64 days, for the phases of flowers, this required 64 and 65 days,
having so only one day interval after the release of pollen. The family ABS2F3 was among
them, the more delayed, yielding a total of 23 leaves in 67 days. To anthesis and issue of silk
were on average of 69 and 70 days respectively (Figure 5).

Referring to the families of the generation S; (ABS3F1 and ABS;3F2), these also showed
differences between the total number of leaves. The ABS;F1 and ABS;F2 reached the stage VE
in 8 days. For the family ABS3;F3, this stage was in nine days. The Families ABS3F1 and
ABS;F2 delivered a total of 22 leaves on average of 66 and 69 days respectively. And anthesis
and issue of silk were 67 and 66 days for the family ABS3;F1 and 67 and 69 days for the family
ABS;F2, respectively. For the family ABS3F3, we observed a smaller number of leaves (21)
that were produced on average of 67 days. The anthesis and the issue of silk were at 69 and 70
days respectively (Figure 5).

The families of the population Planalto showed differences in the number of leaves per
number of days, with a significant increase in some families. The family PLSF1 has reached
the stage of VE in nine days and was the one that produced a smaller number of leaves per
number of days (20 leaves in 62 days). The anthesis and the issue of silks presented an
appropriate synchronization, because the expression on the same day (62 days). For the family
PLS1F2 and PLSF3, the stage of VE was reached in eight and nine days, respectively. Both
families have issued 22 leaves in 66 and 77 days, respectively. For the phases of flowering,
were 63 and 66 days for the PLSF2, however, this presented an interval of three days after the
release of pollen. For the family PLS;F3 VT and R1 Were reached in 74 and 71 days,
respectively, resulting in a flowering asynchrony of three days (Figure 6).

For the families of generations S», the family PLS;F1 has reached the stage of VE in
eight days, featuring 23 leaves in 70 days. The anthesis and the silk produced in 68 days. For
the family PLS>F2, the stage was reached eight days, featuring a total of 21 leaves in 66 days.
The reproductive stages (VT and R1) there were 66 and 67 days after sowing, respectively
(Figure 6).

The family PLS3F1, has reached the stage of VE in eight days; presented 21 leaves in
69 days, and for stages VT and R1, it took 68 and 67 days respectively. For the family PLS3F2,

the stage of VT occurred in nine days. It is noteworthy that this delivered a total of 20 leaves in
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66 days, this being one of the families with lower number of leaves. The reproductive stages
(VT and R1) were hit with 66 and 67 days after sowing, respectively (Figure 6).

With regard to hybrids, the stage was reached in the average for eight days for all
hybrids. The hybrids AG 8690 PRO3®, 2A525®, P 30B39® and P 1630® produced 22 leaves
before they reach the VT, in such a way that the three first hybrids needed 68 days and the last
65 days. The hybrid AG 9045® produced 21 leaves in 65 days. With regard to reproductive
stages (VT and R1), everyone had a great time, and for the as hybrids, both stages feel the same
days (AG 9045%, 66; 2A525%, 64; P30B39®, 67 and AG 9045®, 62) and to one of the hybrid,
these stages had one day interval (P1630®, 62 and 63 days.) (Figure 7). These hybrids showed
a linear development in their stages without any problem. According to Nardino et al. (2016).
hybrids stability and adaptability and yield efficiency, are constant before small trouble.

With respect to the families studied, it was observed that the amount of emitted leaves
was influenced by days and the temperature, i.e., the larger number of emitted leaves the greater
thermal demand required by the plant. Thus, plants with the highest number of leaves tend to
have late cycle. In Brazil, the number of leaves has been used as a reference for demand of
caloric units (Viégas and Peeten, 1987). The temperature is closely linked with the development
of hybrids, which influences the length of its cycle (Nascimento et al., 2011). In development,
the accumulation of biomass is positively influenced by the photosynthetic capacity, and this
biomass distributed in organs of the plant, in order to meet the demand of assimilates the ear
(Gonzélez et al., 2011). Moreover, the intensity of demand of assimilates the sink, depends on
the sink and its role in specific and, as soon as to distribution of photoassimilates, are caused
by changes in the conditions, especially the short term, on the other hand, changes of long term,
change the quantity of photoassimilates available (Taiz and Zeiger, 2010).

Numerous studies examining the importance of the leaves, trying to explain the
relationship source-sink and simulating mechanical damage (by simulation with artificial
defoliation) and physical demonstrated the negative influence on yield in hybrid cultivars.
These studies were conducted in stages vegetative and reproductive organs, thus strengthening,
the evidence of the function of each of the leaves, as the organ source in the synthesis of
assimilates (Sangoi et al., 2001; Sala et al., 2007; Thomson & Geyer, 2009; Lima et al., 2010;
Alvim et al., 2010, 2011; Pereira et al., 2012; Sangoi et al., 2012, 2014; Souza et al., 2015; Puc
et al. 2016). Thus, a material with a higher number of components sources could be more
efficient in the accumulation of assimilates and, therefore, provide greater or maintain their

productive potential.
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In commercial production, early cultivars have been proven to be effective due its short
time of harvest and adapt well in the agricultural calendar, being that the area vacated
prematurely can be used with another crop of short cycle crops. A shorter cycle, however, may
not result in high yields, since hybrids with late cycle have been shown to be more productive
(Araujo et al., 2013). Hybrids with short cycles tend to produce a lower number of leaves for
the interception of radiation and usually require a higher plant density to reach a considerable
income.

This leads us to believe that landrace populations with late cycles could be a good option
to implement in breeding programs of population intended for regions with low technology, as
to show a greater number of leaves and late cycle could be productive in these conditions.

The plant breeder should provide close attention to the number of leaves, as well as at
the time of initiation of these and, the consecutively to size, the strength and numbers of organs

source into genotypes of maize landraces in the programs of pre-breeding.

3.5 CONCLUSIONS

The duration of vegetative stages of families is relative to the amount of leaves
developed.

The families with the greatest number of leaves require greater thermal demand to reach
the flowering.

The families AASiF1, DOS3:F3, ABS:F2, ABS;F1, PLS:F1, PLS3F1, PLS3F2 and
PLS3F3 showed synchrony.
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Table 1 - Families of S1, Sz and S3 from the maize landraces populations, Planalto, Dente de
Ouro, Argentino Amarelo and Argentino Branco.

PLANALTO

DENTE DE OURO  ARGENTINO AMARELO

ARGENTINO BRANCO

S: PLS/F1 PLS:F2 PLS3F3
S, PLSiF1 PLS:F2

S; PLSiF1 PLS:F2

DOSiF1 DOS:F2 DOSsF3
DOSiF1 DOS:F2 DOSsF3

DOSiF1 DOS:F2 DOSsF3

AASIF1 AAS:F2 AAS3F3
AASIF1 AAS:F2 AAS3F3

AASIF1 AAS:F2 AAS3F3

ABSiF1 ABS:F2 ABS3F3
ABSiF1 ABS:F2 ABS3F3

ABSiF1 ABS:F2 ABS3F3

*The Planalto’s population lacked family three in the generation S; and Ss, by reason of not having sufficient seed.

Table 2 - Simple hybrids used as controls.

HYBRIDS  AG 8690 PRO3® AG 9045® P 1630" P 30B39® 2A525"
TYPE Simple Simple Simple Simple Simple
CYCLE Early Super-early Super-early Early Early

: ® : ®
COMPANY  Seeds Agroceres® Seeds Agroceres® Pioneer Pioncer Dow ®

(DuPont BR)

(DuPont BR)

AgroSciences
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Table 3 - Results for the 36 families segregating genotypes of maize landraces and
hybrids evaluated for the cycle, measures of location and dispersion for thermal, season

2015/2016.
Family Cycle Mean Median Mode Variance
AAS/F1 T 988.28 1001.89 988.277 166.70
AAS/F1 T 943.87 913.79 913.785 441.18
AASF3 T 943.87 943.87 503.329 325.15
AAS,F1 T 1046.78 1046.78 1015.406 311.14
AASF2 T 988.28 1001.89 988.277 65.64
AAS,F3 T 1031.43 * * *
AAS;FI1 T 1046.78 1063.30 1063.298 97.58
AAS;F2 T 1001.89 1001.89 1001.885 142.41
AAS;F3 T 1046.78 1046.78 1046.775 127.95
DOS/F1 T 1031.43 1046.78 1046.775 97.58
DOS F2 T 1076.03 1076.03 1090.038 85.75
DOS/F3 T 1015.41 1015.41 1015.406 65.64
DOS,F1 T 1063.30 1063.30 1063.298 97.58
DOS:F2 T 1046.78 1046.78 1063.298 127.95
DOS,F3 T 1015.41 1015.41 1001.885 76.61
DOS;sF1 T 1046.78 * * *
DOS;F2 T 913.79 913.79 913.785 37.94
DOS;F3 T 898.49 898.49 913.785 37.94
ABS/F1 P 881.98 881.98 881.977 85.75
ABS/F2 T 913.79 913.79 913.785 97.58
ABSF3 T 943.87 913.79 913.785 127.95
ABS,F1 T 913.79 913.79 928.494 51.31
ABS:F2 T 943.87 943.87 1001.885 142.41
ABS,F3 T 988.28 1001.89 1001.885 127.95
ABS;3F1 T 959.48 988.28 975.348 153.48
ABS;F2 T 959.48 975.35 1001.885 111.79
ABS;F3 T 988.28 1001.89 988.277 37.94
PLSF1 T 898.49 898.49 881.977 51.31
PLS:F2 T 898.49 913.79 913.785 26.50
PLSF3 T 1046.78 1046.78 1076.025 238.25
PLS,F1 T 959.48 959.48 898.492 224.24
PLS,F2 SP 648.36 928.49 913.785 382.58
PLS,F3 T 913.79 913.79 928.494 37.94
PLS;F1 T 959.48 975.35 959.477 85.75
PLS;F2 T 943.87 928.49 959.477 51.31
PLS;F3 T 959.48 943.87 959.477 76.61
AG 8690 PRO3® T 943.87 943.87 943.87 76.61
AG 9045" T 913.79 898.49 898.49 65.64
P 1630® P 881.98 881.98 881.98 26.50
P 30B39® T 959.48 959.48 959.48 76.61
2A525" P 881.98 867.76 867.76 37.94

*SP: super-early cycle (780 to 830); P: early cycle (831 to 890); T: late cycle (891 to 1,200 STa °C day™!).

*Families without median, mode and variance, are represented by a single plant.
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Figure 1 - Representation of the daily precipitation, maximum and minimum temperature of the sowing to the stage R1.
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Figure 2 - Representing the thermal sum of the families and hybrids of corn on the basis of the accumulation of degree days for VT (number of
days until pollen emission) and R1 (number of days until the issue of receptive silks). Right axis represents the days of ranges for
synchrony/asynchrony.
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Figure 4 - Phenological stages of the population of Dente de Ouro, families from generation Si, families from generation S; and families from
generation Ss.
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Figure 6 - Phenological stages of the Planalto population. families from generation Si, families from generation S> and families from generation
Ss.
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4.1 ABSTRACT

Physiological maturation is characterized by maximum accumulation of assimilates, and
is an indicator for the time of harvest in order to produce seeds with high physiological quality,
however, damage or restriction of leaf area caused by biotic stress or mechanical damage can
be harmful, reflecting on end yield. We aimed to reveal the effects of artificial defoliation at
physiological maturity on simple hybrid yield components of corn grown in different plant
populations. The experiment was performed in Redentora, Rio Grande do Sul, Brazil, in
2014/2015 season growing. The experimental design was a randomized complete block design
arranged in factorial design, with three replicates. Being two simple hybrids (DKB 240 VT
PRO® and DKB 290 VT PRO®), two plants populations (60,000 and 75,000 p ha™ and two
defoliation levels without defoliation and complete defoliation) held at physiological maturity
(R6). The total defoliation negatively affected the yield components of the ear, reducing the ear
length (5.6), the kernel mass per ear (10.9), the ear mass (8.9) and the grain yield was reduced
(9.5%). The plant population reduced the number of kernels per row (14.4), the ear mass (22),
the kernel mass per ear (21.3), thousand kernel weight (10.6), the kernel length (3.8), the kernel
width (3.9) and grain yield (9.5%). Artificial defoliation on physiologic maturation and high
plant population had a negative influence on main yield components of corn. The findings from

this research will be useful to planning other researches involving artificial defoliation in corn.

Keywords: Zea mays L., foliar damage, physiological maturation.
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4.2 INTRODUCTION

Maize (Zea mays L.) present great importance for human and animal consumption, also
standing out for the production of biofuels that can partially replace some petroleum derivate
(Alves, 2012). Currently, it is the most produced and researched cereal in the world, where the
main producing countries are the United States, China and Brazil, the latter with 78.69 million
tons produced (CONAB, 2015).

Quantification of their leaf area allows us to infer the photosynthetic potential, and its
value depends on the number, size and arrangement of leaves as well as plant development
stage (Magalhdes et al, 2002). Yield depends on the conversion of intercepted
photosynthetically active radiation, assimilated and converted into chemical energy in the form
of assimilates, then these will be the basis for biomass accumulation and assimilates
remobilization to the yield components (Sangoi et al., 2002).

Plants population can be closely related with the increase of grain yield per area, so that
higher yields depend on the hybrid used and the chosen management level (Marchao et al.,
2007). A high plant population may be favorable for hybrids that show modern architecture,
however, may present susceptibility to abiotic stresses, mainly water deficit. Researches had
revealed that the imbalances that occur in the plant on flowering, fruiting and ripening stages,
affected the grain yield, and show strong association with the interaction effects between
genotype and cultivation conditions (Kappes et al., 2011).

Physiological maturation is crucial to characterize the appropriate physiological period
to harvest the seeds and still get a high vigor. Thus, at this stage all the kernel in the ear reach
the maximum dry matter accumulation, and therefore may show productivity growth occurs
along the process of natural leaf senescence (Magalhaes et al., 2002). The source-sink balance
induces the maintenance of leaves and extends their photosynthetic activity due to the demand
of the sinks (Maddoni et al., 2002), with a slow senescence in the kernel filling process provides
corn hybrids greater tolerance the high plant populations, to increase the period for kernel filling
(Sangoi et al., 2013).

Researches aimed at quantifying the leaf area can predict the negative effects of
mechanical damages caused by biotic and abiotic factors (Silva, 2001). It has been shown many
researches evaluating defoliation corn in vegetative and reproductive stages and its negative
influence on grain yield (Sangoi et al., 2001; Sala et al., 2007, Thomison and Geyer, 2009;
Alvim et al, 2010; Lima et al, 2010; Alvim et al, 2011; Pereira et al, 2012; Sangoi et al, 2012,
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2014; Souza et al, 2015), however, there are small researches that evaluated the effect of
artificial defoliation applied on physiological maturity together with different plant population.
Thus, we aimed to reveal the effects of artificial defoliation at physiological maturity in

yield components of corn simple hybrids grown in different plant populations.
4.3 MATERIAL AND METHODS

The experiment was performed in the 2014/2015 season grown in the city of Redentora,
Rio Grande do Sul, Brazil, located at latitude 27°39'52" S and longitude 53°38'16" O, at 545 m
a.s.l. The soil in this region is classified as Hapludox (EMBRAPA, 2006) and the climate is
characterized as CFA (Alvares et. Al, 2013).

The experimental design was a randomized complete block design arranged in factorial
design, with: two corn hybrids (DKB 240 VT PRO® and DKB 290 VT PRO®) x two-plant
population (75,000 and 60,000 p ha™!) x two artificial defoliation levels (without and complete
defoliation), arranged in three replications. Each experimental unit was composed of four 5
meters long cultivar rows, spaced by 0.6 meters. A direct seeding system was used. Based
fertilizer were performed by 250 kg ha™ of a 05.20.20 NPK formula. Coverage fertilizer were
performed with 200 kg ha! ofa 45.00.00 NPK nitrogen fertilizer. To control weeds and insect-
pests, a preventive management was held.

Treatments with artificial defoliation were prepared by removal of all leaves of plants
in the experimental unit, when the hybrids reached physiological maturity (R6). The experiment
was daily monitored to estimate the period in which each hybrid appeared at that stage to
perform the defoliation, followed the methodology proposed by Souza et al. (2015).

The useful area of each experimental unit was characterized by the two central rows,
excluding 0.5 meters at each end in order to minimize the edge effects. The harvest was
performed when the kernels presented approximate humidity of 20% (corrected to 13%). We
randomly sampled three ears in each experimental unit, where it is measured the following
characters, according Carvalho et al. (2014).

. Ear diameter (ED): measured in the middle-third of the ear, with a digital caliper,
results in millimeters (mm).

. Ear length (EL): measured the length from the base to the apex of the ear with a
graduated scale, results in centimeters (cm).

. Number of kernels per row (NKR): determined by the count of the number of

kernels per row, results in units.
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. Ear mass (EM): mass was measured from the shank without straw through an
analytical balance, results in grams (g).

. Kernel mass per ear (KME): the ears were manually threshed after measured the
kernels mass through an analytical scale, results in g.

. Cob diameter (CD): determined the diameter in the middle-third of the cobs with
a digital caliper, results in mm.

. Cob mass (CM): measured the mass of cobs using a analytical scale, presented
ing.

. Thousand kernel weight (TKW): sampled by eight samples with 100 kernels in
each experimental unit, the mass of each sample was gauged and extrapolated to TKM adjusted
to 13% moisture, results in g.

. Kernel length (KL) and kernels width (KW): determined by a digital caliper in
ten randomly sampled kernels in each experimental unit, then afforded the average value of the
traits in each experimental unit results, in mm.

. Grain yield (GY): measured by the ratio of the kernels mass of each ear by the
plant population, then set the kernel mass for each plant, moisture content of the correction to
13%, the values were adjusted for employed population density. (Kg ha™).

Dataset was submitted to three-way ANOVA by F test (p < 0.05 e p <0.01), when the
presuppositions were considered. Traits that revealed significant interaction between corn
hybrids x plant populations x artificial defoliation levels were deployed to the simple effects.
The traits without meaning interaction effects were compared in its main effects by Tukey test

(p <0.05). To perform the analysis, we used the GENES software (Cruz, 2013).
4.4 RESULTS AND DISCUSSION

Three-way ANOVA (Table 1) illustrates a significant interaction between corn hybrids
x plant populations x artificial defoliation levels for the traits ear diameter (ED) and cob mass
(CM); and simple interaction corn hybrids x artificial defoliation levels for the cob diameter
(CD) and kernels width (KW). Traits without interaction were ear length (EL), ear mass (EM),
kernel mass per ear (KME), number of kernels per row (NKR), thousand kernel weight (TKW),
grain yield (GY) and kernel length (KL).

These results show the sensitivity of defoliation of maize hybrids performed on plants
grown in different plant population, which complements the findings of other studies performed

with use of artificial defoliation in vegetative and reproductive stages of plant (Sangoi et al.,
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2001; Sala et al., 2007; Thomison and Geyer, 2009; Alvim et al., 2010; Lima et al., 2010; Alvim
et al., 2011; Pereira et al., 2012; Sangoi et al., 2012, 2014; Souza et al., 2015).

Similar results with reduction of the ear diameter were observed by Souza et al. (2015)
when evaluated simple hybrid defoliation levels in vegetative and reproductive stages of maize.
Alvim et al. (2011), reported the reduction of physiological activities related to photosynthetic
process of the withdrawal of the upper leaves of the plant during the reproductive stages, thus,
reducing the accumulation of reserve carbohydrates that correspond to the morphological and
reproductive structures of the plant, thus and may ultimately compromise the yield. The
reduction in ear diameter, makes it clear that defoliation at this stage (R6), in plants grown with
a density of 70,000 p ha! can be harmful, and indicate that this trait is influenced by the plant
population and the hybrid used (Marchao et al., 2007).

The CM was reduced due to defoliation, with similar response to the ED trait, this
behavior was evidenced for the two hybrids, with the exception of the DKB 240 VT PRO®
hybrid in plant population of 60,000 p ha'. Without defoliation, this hybrid did not vary
between the plant populations, however, the DKB 290 hybrid VT PRO® not revealed trait
changes in this situation (Table 3).

According to Alvim et al. (2011), photosynthetically active leaf area loss above the ear
affects the cob mass. These authors also reported in the same work that the cob present function
of assimilates translocation to the kernels. Thus, it can be expected that the accumulated
reserves in the cobs were not enough to cause accumulation of assimilated when plants are
dense. High plant population can result in increased to intraspecific competition by solar
radiation, water and nutrients (Sangoi et al., 2001).

Regarding the CD, defoliation not influenced any of the hybrids. Perhaps this is related
to the fact that the stadium where defoliation was carried out (R6), this morphological structure
was already set. According to Carmo et al. (2012), the cob diameter are indicators of adverse
factors in plant development, such as water deficit and intraspecific competition, especially in
vegetative stages.

For KW, DKB 240 VT PRO® (9.59) was superior to DKB 290 VT PRO® hybrid (8.56),
however, this, with defoliation decreased the trait (Table 4). Silva et al. (2012) evaluated the
defoliation together with detasseling for female inbreeds, reports the reduction of kernel size
and kernel mass. Research proved that greater accumulation of reserves in the stem may be

impaired due to the defoliation effects (Sangoi et al., 2001).
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Souza et al. (2015) availing the artificial defoliation in reproductive stages, observed
reductions in ear length, ear mass, kernel mass per ear and ear diameter. The results obtained
in this study make clear, as the damage to the leaf area of the plant, even at physiological
maturity, adversely affect the yield components of corn. The results on the kernel mass per ear
in this work, complement those obtained by Sangoi et al., (2001), Alvim et al. (2010) and Silva
et al. (2012).

Stress by artificial defoliation in vegetative stage, compromises the corn yield
components due interrupting physiological processes and photosynthetic plants but in
physiological maturity stage (R6) the leaves begin to gradually senesce, however, are still
important for filling kernels. In researches by Alvim et al. (2011) recently found by Souza et
al. (2015) had shown that in vegetative and reproductive stages, the damage caused by artificial
defoliation is notorious in the photosynthetic process, reducing the carbohydrates accumulation
by plant. According to Sangoi et al. (2013), the increased demand for assimilates in kernel
filling, provides maintenance of photosynthetic activity of the leaves, extending thus, the leaves
permanence. These authors shown that the delay of leaf senescence contributes to higher grain
yield per area.

A balance between the source-drain that regulates and determines the leaves
photosynthetic activity there is (Maddoni et al., 2002). Based on this, it is also believed that
when the organs that serve as assimilated reserve, as the stem and cob, do not accumulate the
necessary reserves, the plant tends to keep photosynthetic their leaves to complete the kernel
filling. This was observed in our study where the plants with defoliation presented a reduction
in yield components, due to changes in source-drain ratio. Sangoi et al. (2014) reported that the
stem acts as accumulator reserves organ, amortizing the consequences of defoliation to meet
demand in kernel filling in super-early hybrids. The reduction in yield components due to
defoliation in this work showed that translocation of assimilates from reserve organs was not
enough to amortize the defoliation effects.

The GY, decreased by 9.5% due to defoliation tax, these results confirm the findings of
Alvim et al. (2011), which noted that the total defoliation at R2 stage of corn, caused 7.9%
reduction in grain yield, this is justified due to the modification of assimilated accumulation
dynamics. Although a small reduction was observed in GY, we assume that the leaves loss can
compromise the grain yield, even at the physiological maturity stage of maize.

Table 6 illustrates the effects caused by plant populations used, and their effects on NKR
(14.4), EM (22), KME (21.3), TKM (10.6), KW (3.9) and KL (3.8%) traits, which showed
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reductions. These results indicate that increased plant population can increase intraspecific
competition for available resources in cultivation environment, and considerably affect the
yield components of both hybrid and defoliation levels tested.

Researching ear traits correlation and hybrids type, Lopes et al. (2007), proved that the
simple hybrids ear with higher thousand kernel weight and number of kernels per ear, have a
positive direct effect (0.76 and 0.50, respectively) to increase the kernel mass per ear, showing
that the hybrids types are the responsible for the relations among the ears’ trait. About the
increase in EL, researches proved that this trait presented a direct relation with the number of
kernels per row (Vilela, 2012), contributing to the increase in the number of kernels per ear.
Reddy et al. (2012) reveled a direct positive effect (0.237) of EL to kernel mass per plant. This
results show an increase in grain yield, because Mohammadi et al. (2003) revealed that the
kernel mass and the number of kernels per ear are the main yield components in the grain yield
increase.

Assessing early and super-early simple hybrids in several plant populations, Kappes et
al. (2011) reported that the better responses were obtained with a super-early hybrid with
modern architecture when compared with another hybrids. In our research we observed a
contrasting comportment, with a higher reduction on yield components observed to DKB 240
VT PRO® hybrid, a super-early hybrid as compared with DKB 290 VT PRO® hybrid.

Little research revealed the influence of artificial defoliation performed in physiologic
maturation stage on yield components of corn hybrids. We proved that the artificial defoliation
in this stage and high plant population have a negative influence on main yield components of
corn, reducing the yield potential. Findings from this research will be useful for planning other

researches involving artificial defoliation in corn.
4.5 CONCLUSIONS

Artificial the total defoliation in physiologic maturation, reduce the ear length (5.6), the
kernel mass per ear (10.9), the ear mass (8.9) and the grain yield (9.5%).

Plant population at 70,000 plant per hectare reduce the number of kernels per row (14.4),
the ear mass (22), the kernel mass per ear (21.3), the thousand kernel weight (10.6), the kernel
length (3.8), the kernel width (3.9) and the grain yield (9.5%).

DKB 290 VT PRO® hybrid presents superiority on kernel mass per ear (6.9), ear length
(16.3) and kernel length (4%) in relation to DKB 240 VT PRO® hybrid.
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Table 1 — Summary of the analysis of variance with the mean squares for the traits ear diameter
(ED, in mm), ear length (EL, in cm), number of kernels per row (NKR, in units), ear mass (EM,
in g), kernel mass per ear (KME, in g), cob diameter (CD, in mm), cob mass (CM, in g),
thousand kernel weight (TKW, in g), kernel length (KL, in mm), kernel width (KW, in mm)
and grain yield (GY, in kg ha™).

Mean squares

Source of Variation DF

ED EL NKR EM KME CD
Block 2 1.731™ 0.044" 1.977% 5.370™ 69.085" 0.607"
Defoliation (D) 1 21.8377 5.642° 28.165™ 4466.882" 2063.632" 0.188"™
Hybrid (H) 1 0.002 38.423™ 7.407" 1131.050™ 1059.519" 0.753"
Population (P) 1 30.224™ 19.1417 174253 20620.758" 13702.97 2.660™
D*H 1 4.729° 1.231™ 8.963™ 214.036™ 66.251" 9.586™
D*P 1 4.111° 1.055™ 1.501™ 762.168™ 598.471" 2.888"™
H*P 1 2.476" 0.111m 0.074" 124.579™ 82.618™ 1.301™
D*H*P 1 3.744° 0.130™ 2.666™ 117.316™ 35.939" 0.746™
CV (%) 1.77 4.73 9.47 7.54 7.22 3.63
CM TKW KL KW GY -
Block 2 1.314" 65.758" 0.073" 0.024" 219435.920™ -
Defoliation (D) 1 309.401™ 9.310™ 0.513™ 0.098™ 9456028.500™ -
Hybrid (H) 1 0.405™ 58.095™ 1.338™ 2.0377 4286164.160™ -
Population (P) 1 503360 2048.434™ 1.649™ 0.718™ 7337495.360° -
D*H 1 21.478° 210.895™ 0.004" 1.204™ 249094.560™ -
D*P 1 41.056" 273.767" 0.28™ 0.150™ 3302496.140™ -
H*P 1 10.041™ 91.439" 0.046™ 0.188™ 183242.260™ -
D*H*P 1 23.046° 3.867™ 0.072™ 0.071 121784.780™ -
CV (%) 6.01 7.93 2.86 2.79 7.65 -

*p<0.05, **p < 0.1 and ns not significant

Table 2 — Averages values for interaction among corn hybrids x plant populations x artificial
defoliation levels for ear diameter (ED, in millimeters).

Plant population Without® defoliation . With (éefoliation .
DKB 240 VT PRO® DKB 290 VT PRO DKB 240 VT PRO® DKB 290 VT PRO

75,000 p ha'! 50.29 aAo 49.73 bAa 47,65 bAB 46,89 bAP

60,000 p ha'! 50.27 aAo 52.58 aAo 50,87 aAo. 49,82 aAB

CV (%) 1.77

* Averages followed by the same letter in the column comparing plant population, uppercase on the line,
comparing corn hybrids and Greek on the line, comparing artificial defoliation levels not differ by Tukey test at
5% probability error.

Table 3 — Averages values for interaction among corn hybrids x plant populations x artificial
defoliation levels to the cob mass trait (CM, grams).

Plant population Without® defoliation . With céefoliation .
DKB 240 VT PRO® DKB 290 VT PRO DKB 240 VT PRO® DKB 290 VT PRO

75,000 p ha'! 37.43 aAo. 35.81 bAa 27.56 bAB 26.08 bAB

60,000 p ha™! 40.72 aAa 45.6 aAa 40.00 aAa 37.19 aAB

CV (%) 6.01

* Averages followed by the same letter in the column comparing plant population, uppercase on the line,
comparing corn hybrids and Greek on the line, comparing artificial defoliation levels not differ by Tukey test at
5% probability error.
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Table 4 — Averages for interaction among corn hybrids x artificial defoliation levels for the
traits cob diameter (CD, in mm) and kernel width (KW, in mm).

Simple hybrid corn Cob diameter (CD) Kernel Width (KW)
With defoliation Without defoliation With defoliation Without defoliation
DKB 240 VT PRO® 26.52 aA 25.44 aA 9.01 aB 9.59 aA
DKB 290 VT PRO® 25.61 aA 27.06 aA 8.88 bA 8.56 bA
CV (%) 3.79 3.32

* Averages followed by the same letter in the column comparing hybrids and uppercase on the line, comparing
artificial defoliation levels not differ by Tukey test at 5% probability error.

Table 5 — Average values for the traits ear length (EL), ear mass (EM), kernel mass per ear
(KME) and grain yield (GY) under different artificial defoliation levels.

Artificial defoliation levels EL (cm) EM (g) KME (g) GY (Kg ha™)
With defoliation 16.29b 224.19b 190.77 b 12.225b
Without defoliation 17.26 a 25148 a 209.31a 13.511a
CV (%) 4.73 7.49 7.17 7.65

* Averages followed by the same letter in the column do not differ by Tukey test at 5% probability error.

Table 6 — Average values for the number of kernels per row (NKR), ear mass (EM), kernel
mass per ear (KME), thousand kernel weight (TKW), kernel length (KL), kernel width (KW),
grain yield (GY) depending on the plant population.

Plant population NK.R EM KME TKM KL KW GY )
nit) (9 ® (®  (mm)  (mm) (Kgha')
70,000pha’1 31.94b 208.52b 176.15b 155.26 b 1290 b 8.83b 12.220b
60,000 p ha’! 3733 a 267.52 a 223.94 a 173.74 a 13.43 a 9.18 a 13.436a
CV (%) 8.71 7.49 7.17 7.8 2.76 4.13 7.65

* Averages followed by the same letter in the column do not differ by Tukey test at 5% probability error.

Table 7 — Average values to kernel mass per ear (KME), ear length (EL), kernel length (KL)
in function of the simple hybrids corn.

Simple hybrid corn KME (g) EL (mm) KL (mm)
DKB 240 VT PRO® 193,40 b 15,51 b 12,93 b
DKB 290 VT PRO® 206,69 a 18,04 a 13,45a
CV (%) 7,17 4,73 2,76

* Averages followed by the same letter in the column do not differ by Tukey test at 5% probability error.
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5 DISCUSSAO GERAL

Atualmente, os problemas que a agricultura enfrenta, especificamente com a cultura do
milho, trazem controvérsias na determinacdo da escolha do melhor hibrido. Dado que, em
algumas regides do Brasil o milho vem perdendo superficie em fung¢do do crescimento de outras
culturas, atualmente mais rentaveis, tais como a soja. Por outro lado, quando o milho ¢
cultivado, o produtor busca hibridos mais produtivos e que melhor se adaptem a suas condigoes.

Dado que o desenvolvimento de novos hibridos € constante, a procura de genes/alelos
favoraveis ¢ sempre alvo dos programas de melhoramento. Em decorréncia disto, a avaligcao
de linhagens segregantes ¢ fundamental, para tal, o milho crioulo sempre foi uma reserva de
alelos para caracteristicas desejaveis em hibridos modernos, estes, resguardados nos bancos de
germoplasma ou por produtos rurais. Assim, materiais nativos e acessiveis, apresentam
carateristicas atrativas podem ser estudadas como uma alternativa.

No primeiro capitulo, os resultados mostram como a morfologia de plantas de milho
crioulo se comportam diante dos efeitos da endogamia, considerando a sua fenologia, nas fases
vegetativas, floragdo e ciclo total. Assim, envolvemos principios aplicados no pré-
melhoramento, que podem ser importantes para os programas de melhoramento de milho.

Considerando a agricultura familiar, onde pequenos produtores ainda cultivam
variedades locais de milho, foram estabelecidos ensaios com plantas autofecundas de milho
crioulo, nos quais se observaram informacdes relevantes para esse fim. Familias foram
caracterizadas e determinado o nimero de folhas emitidas na etapa vegetativa, sincronia floral
e demanda térmica, dado que o ciclo das cultivares esta relacionada diretamente com estes trés
fatores e, este ¢ determinante na escolha de variedades ou hibridos de milho para o sucesso da
lavoura. Em muitos dos casos os materiais de ciclo superprecoce sao mais recomendados,
principalmente pelo seu desenvolvimento rapido, reduzindo o tempo de ocupagdo da area, o
que faz com que o produtor aproveite estrategicamente a superficie liberada, com outras
culturas na entressafra ou para iniciar antecipadamente a safrinha., no entanto, nem sempre sao
os que apresentam maior rendimento de graos, quando comparados as variedades ou hidricos
de ciclo precoce ou tardio.

Em antigos programas de melhoramento, linhagens de clima temperado eram utilizados
por apresentar ciclo tardio, na busca por um maior rendimento de graos. Por outro lado,
materiais tardios tendem a ser mais rusticos € a desenvolver maior nimero de folhas,
favorecendo a eficiéncia na conversao de fotoassimilados e tolerando curtos periodos de déficit

hidrico.
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Referente a floragdo, foi evidenciado que apenas algumas familias apresentaram
sincronia adequada, sendo esta, uma caracteristica importante a ser considerada no
melhoramento genético. Concluimos assim, a presenca de variabilidade genética para esta
caracteristica em materiais com potencial para integrar futuros programas de melhoramento
genético. Assim, enfatizamos que os milhos crioulos devem ser estudados na busca por
materiais adaptados para regides especificas, em funcdo da sua plasticidade fenotipica. Da
mesma forma, ¢ importante que os melhoristas considerem os materiais dos bancos de
germoplasma para incorpora-los nos programas de melhoramento.

Os resultados do segundo capitulo, demostraram como o estresse abiotico (desfolha)
pode interferir de forma negativa nos componentes do rendimento de grdos da cultura.
Resultados que podem ser interpretados como danos causados por insetos desfolhadores, chuva
de granizo, implementos agricolas por ocasido da aplicagdao de agroquimicos pela maquinaria
ou implementos, dentre outros. Pelos resultados obtidos neste estudo, a desfolha artificial pode
ser implementada para simular estes danos em outras espécies vegetais, em diferentes fases de
desenvolvimento.

Por outro lado, a populagdo de plantas por area deve ser adequadamente implementada
pelos produtores, pois ¢ fundamental considerar as indicagdes dos obtentores dos hibridos,
levando em consideracdo as suas carateristicas agrondmicas € manejo agronomico. Assim,
fazemos referéncia ao estudo dos estresses bidtico e abidtico, os quais sdo os principais fatores
que devem ser controlados e analisados continuamente, pois influenciam diretamente nas
perdas de rendimento de graos ou até a perda total da producdo. O nimero total de folhas
emitidas, indicou uma estreita relagao com o ciclo, podendo se considerar como um parametro

de selecao indireta.

6 CONCLUSAO GERAL

A desfolha na maturacdo fisiologica resulta em redugdes importantes nos componentes
de rendimento de graos (comprimento da espiga, massa de graos por espiga, massa da espiga,
didmetro da espiga). Revelando assim, que na maturacdo fisioldgica o milho sofre efeito
negativo nos seus processos fotossintéticos, que embora proximo da senescéncia, ainda
contribuem para o processo final de enchimento dos graos.

A alta populagdo de plantas, demostra efeitos negativos a cultura, pois, reduziu

carateristicas importantes da espiga como: nimero de graos por fileira, massa da espiga, massa
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de graos por espiga, massa de mil grdos, comprimento do grao, largura do grao e o rendimento
de graos.

As familias autofecundadas de milho crioulo, revelaram relagdo de equilibrio entre
biomassa/demanda térmica, pois as familias com maior porte, tenderam a demandar maior
exigéncia térmica para suprir estas necessidades.

Oito familias (AASF1, DOS3F3, ABS:F2, ABS;F1, PLS|F1, PLS3F1, PLS3F2 e
PLS3F3) mostraram uma Otima sincronia floral, mostrando-se superiores quanto a esta

carateristica, principalmente devido ao breve déficit hidrico ocorrido no periodo experimental.
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