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Caracterizacao de acessos e o controle de Paspalum virgatum L.
Resumo

O capim-navalha (Paspalum virgatum L.) € um importante planta daninha em areas
agropecuarias no Brasil e no mundo. Por pertencer a familia Poaceae, apresenta
similariedade botanica com espécies utilizadas para alimentacao animal, sendo este fato
um desafio no manejo da espécie. Durante a década de 80, houve um volume significativo
de trabalhos de pesquisa com a espécie, mas depois poucos trabalhos foram realizados.
Porém, nos ultimos anos, devido ao prejuizo econémico causado pela presenca da planta
na area destinada ao pasto, tornou-se evidente a necessidade de mais conhecimento sobre
a espécie, principalmente para elaboracdo de estrategias de manejo eficientes. Diante
disso, este trabalho teve como objetivo a caracterizacdo de quatro acessos desta espécie
a nivel morfolégico, anatémico e genético e relacionando-os com o controle quimico. Para
tanto, o trabalho foi dividido em trés capitulos, o primeiro destinado ao estudo de nivel de
ploidia e controle quimico de duas populac6es de Paspalum urvillei Steud, considerado por
alguns taxonomistas sinonimia do P. virgatum. O segundo capitulo, o estudo de
caracterizacdo morfolégica, anatbmica e genética das quatros populacdes de P. virgatum.
E o terceiro capitulo, o estudo sobre a eficacia da aplicacdo sequéncial de herbicidas no
manejo dos acessos. Com os resultados obtidos neste trabalho foi possivel compreender
as diferencas entre os acessos, como, por exemplo tamanho da lamina foliar e quantidade

de DNA satélite, e a interferéncia na resposta da planta a aplicacdo de herbicida.

Palavras-chave: Capim-navalha, citometria de fluxo, DNA repetitivo, glyphosate,

imazetapir, pastagem.



Characterization of accessions and control of Paspalum virgatum L.
Abstract

Talquezal (Paspalum virgatum L.) is an important weed in agricultural areas in Brazil and
worldwide. Because it belongs to the Poaceae family, it has botanical similarity with species
used for animal feed, which is a challenge in the management of the species. During the
1980s, there was a significant volume of research work with the species, but afterward few
studies were carried out. However, in recent years, due to the economic damage caused by
the presence of the plant in the area destined to pasture, the need for more knowledge about
the species has become evident, mainly for the elaboration of efficient management
strategies. Therefore, this work aimed to characterize four accessions of this species at the
morphological, anatomical, and genetic level and relating them to chemical control. For this
purpose, the work was divided into three chapters, the first dedicated to the study of ploidy
level and chemical control of two populations of Paspalum urvillei Steud, considered by
some taxonomists to be synonymous with P. virgatum. The second chapter, the study of
morphological, anatomical and genetic characterization of the four populations of P.
virgatum. And the third chapter, the study on the effectiveness of the sequential application
of herbicides in the management of accessions. With the results obtained in these studies,
it was possible to understand the differences between accessions, for example leaf blade
size and amount of satellite DNA, and interference in plant response to herbicide application.

Keyword: Talquezal, flow cytometry, repetitive DNA, glyphosate, imazetapyr, pasture.
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Capitulo 1- Consideracdes gerais

1. Introducéao

As areas de pastagem apresentam grande importancia na producao pecuaria em
todo mundo, pois é o alimento principal para o rebanho bovino. No entanto, uma
grande parte desse pasto encontra-se em algum estagio de degradacéo, sendo um
dos fatores a presenca de plantas daninhas. As plantas daninhas séo espécies que
ocupam éareas de interesse agropecuarios, causando prejuizos econémicos e
podendo ser hospedeiras de pragas e doencas (Costa et al., 2008; Tuffi Santos et al.,
2004, Pitelli, 1987). Em estudos fitossocioldgicos realizados em areas de pastagem,
as familias mais frequentes séo as Fabaceae, Malvaceae e as Poaceae (Inoue et al.,
2012; Tuffi-Santos et al., 2004).

Dentro da familia Poaceae, o género que apresenta maior numero de espécies é
o Paspalum, sendo um dos géneros mais dificeis para as areas de pastagem no Brasil
e no Mundo (Maciel et al., 2009). Galvao et al. (2011) relataram a presenca de
Paspalum fasciculatum Willd. ex Flugge em pastagens de varzea no municipio de
Autazes, estado do Amazonas. Andrade et al. (2012) relataram a dificuldade de
controle do capim-navalha (Paspalum virgatum L.) em pastagem no estado do Acre,
mas essa espécie ocorre em todo territorio nacional.

O capim-navalha é uma planta daninha importante para o setor pecuario e, como
alternativa no manejo dessa espécie, tem sido utilizada a aplicacdo de herbicidas.
Porém, devido a similaridade botanica com as espécies forrageiras, a escolha do
herbicida para o controle torna-se dificil. Além disso, a eficiéncia no controle quimico
das plantas daninhas depende de outros fatores, como o indice de infestacdo e o
estagio de desenvolvimento das plantas, visto que plantas entouceiradas podem
apresentar menor porcentagem de controle (Goulart et al., 2012).

A escolha adequada do herbicida também € importante para o controle eficente.
Marchioretto e Dal Magro (2017) verificaram que a aplicacdo de cletodim e
imazethapyr controlou Digitaria spp., sendo essa da mesma familia de P. virgatum.
Braz et al. (2016) recomendaram a aplicacédo de imazethapyr em pos emergéncia para
0 manejo das plantas daninhas. Alids, esses herbicidas sdo recomendados para o
controle de diversas espécies de plantas monocotileddneas.

A dificuldade de controle do P. Virgatum, pode estar relacionado também com os

fatores intrinsecos da planta, como a anatomia e a morfologia, e por fatores genéticos.
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Devido a aplicagcdo de herbicidas, as plantas com maior capacidade de tolerancia séo
selecionadas. Por isso, € importante para a elaboracdo de estratégias de manejo o
conhecimento sobre as caracteristicas intrinsecas das plantas alvo. Alves et al. (2003)
avaliaram acessos da espécie capim-camalote (Rottboellia cochinchinensis L.) de
vérias localidades e constataram diferencas anatémicas e genéticas entre eles, como,
por exemplo, a poliploidia, que poderiam justificar a diferenca na eficacia de controle
guimico desses acessos. Além disso, essas diferencas podem corroborar na selecao
de bidtipos resistentes, visto que a natureza da poliploidia pode ser um processo na
evolugcdo da planta, acarretando o surgimento de possiveis mecanismos para a
resisténcia aos herbicidas. Portanto, essa ferramenta pode auxiliar na identificacéo
dos acessos e, direcionar para estrategias de controle eficazes.

A caracterizacdo morfoanatdmica de diversos acessos de P. virgatum podera
descrever particularidades de interesse, como o numero de folhas, area e angulo
foliar, espessura da cuticula, nimeros de tricomas, dentre outros, que estado
diretamente relacionados a eficacia de herbicidas aplicados em pés-emergéncia. A
partir das caracteristicas da planta e com o uso de metodologias estatisticas é possivel
analisar a diversidade genética dos diferentes acessos e avaliar seu potencial de uso
e perpetuacdo em uma area (Marin et al., 2009). Dessa forma, tem-se como hipotese
gue acessos de P. virgatum oriundos de diferentes localidades do Brasil possuem
caracteristicas morfolégicas, anatdmicas e geneéticas distintas que poderdo estar

correlacionadas com a eficacia de seu controle quimico.

1.10Dbjetivo geral

Identificar e caracterizar os acessos de capim-navalha (Paspalum virgatum L.)
oriundos de diferentes localidades, e relacionar as caracteristicas morfoldgicas,
anatbmicas e genéticas destes acessos com a eficacia de herbicidas para o controle

em pos-emergéncia.

1.20bjetivos especificos
e Estudar o nivel de ploidia e o controle quimico de duas populacbes de
Paspalum urvillei Steud exposto a pratica de manejo diferente, na Florida,

Estados Unidos da América.
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e Identificar e caracterizar a morfologia, anatomia e genética dos quatro acessos
de Paspalum virgatum L. oriundos de diferentes localidades do Brasil.
e Avaliar a eficacia da aplicacdo sequencial de herbicidas com mecanismo de

acdo ALS, ACCase e EPSPS nos quatro acessos de P. virgatum.

2 Revisao de literatura

2.1 Pastagem e as Plantas daninhas

A pastagem, para setor pecuario, € de extrema importancia, uma vez que é
responsavel por fornecer alimento para os animais. Estima-se que 95% da carne
bovina no mundo seja oriunda de producfes a pasto e, além disso, exerce um papel
social, pois ao prover alimento para os animais, consequentemente promove alimento
para sociedade, renda, emprego e dentre outros beneficios (Thorntona e Herrero,
2010; Pastagem.org, 2020; Parente et al., 2019).

No Brasil, estima-se que haja 182 milhdes de hectares destinados a pastagem
(Pastagem.org, 2020), sendo que 15,5 milhGes de hectares encontram-se em algum
estagio de degradacgéo (ABIEC, 2020). Porém, incluindo a pecuéria leiteira, estima-se
gue sejam 99 milhdes de hectares com indicios de degradacéao, ou seja, 11,68% das
pastagens no Brasil (Pastagem.org, 2020).

A degradacao de pastagens é resultado de varios fatores entre eles, o preparo
incorreto do solo, na escolha inadequada da forrageira para a regido, superpastejo, a
nao reposicdo de nutrientes e a presenca de plantas daninhas, dentre outros
(Carvalho et al., 2017; Dias-filho, 2006; Volpe et al., 2008; Tuffi-Santos, 2004).

As plantas daninhas sdo plantas indesejaveis a atividade humana, ou seja,
causam prejuizos econdmicos. Podem ser plantas que ocorrem fora da area de
distribuicdo geografica ou com populacdo acima do esperado, e outros termos podem
ser usados para designar estas plantas, como plantas invasoras ou infestantes (Pitelli,
2015).

Essas plantas podem causar efeito adversos nas plantas forrageiras,
interferindo na producdo de biomassa, crescimento e desenvolvimento, causando
enormes prejuizos a capacidade de suporte das forrageiras, dada a competicdo por
luz, nutrientes e agua, que quase sempre € vantajosa para as plantas daninhas,
devido sua agressividade e adaptabilidade a ambientes poucos favoraveis (Hijano et
al., 2021; Al-Tawaha et al., 2008).
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Embora seja amplamente difundido o conhecimento sobre os danos que as
plantas daninhas podem ocasionar no pasto, ainda é pouco realizado o manejo
adequado das espécies. Para o manejo de plantas daninhas existem diversos
métodos que podem ser utilizados, como o cultural, biolégico, mecénico e quimico,
sendo que a integracdo dos métodos é o recomendada. O manejo integrado das
plantas daninhas consiste na unido de métodos de controle de modo a promover para
a cultura uma vantagem sobre as plantas daninhas. Porém, em alguns lugares, o
pasto encontra-se em areas com declive acentuado ou mesmo devido ao tamanho da
area, opta-se em utilizar um Unico método de controle, geralmente, o controle quimico
(Pitelli, 1987; Al-Tawaha et al., 2008; Costa et al., 2018; Harker e O’Donovan, 2013).

Estima-se que em 2019 que o gasto médio com agrotoxicos, fertilizantes e
sementes foi entorno de R$ 12.335,5 milhdes, sendo a menor fracdo destinada a
compra de agrotéxicos (ABIEC, 2020). Porém, € importante ressaltar que o uso de
agrotoxicos, especialmente, herbicidas, precisam ser realizados corretamente, para
gue seja possivel a continuacdo da eficiéncia do controle quimico. Portanto, ainda se
faz necessarias mais pesquisas sobre o controle de plantas daninhas em areas
destinadas a pastagem, tanto no que envolve a biologia das plantas como o0s custos

econdmicos na adocao de cada método.

2.2 Espécie Paspalum virgatum L.

A familia Poaceae, conhecida também como Gramineae, possue cerca de 720
géneros, distribuidos em cinco subfamilias: Pooideae, Bambusoideae, Arundinoideae,
Chloridoideae e Panicoideae. Conta com aproximadamente 11.500 espécies, sendo
essa familia de extrema importancia ecoldgica e agronémica; além disso, é também
uma das familias com maior expressividade evolutiva (Watson, Clifford e Dallwitz,
1985; Hodkinson, 2018).

Dentro da familia, o género Paspalum se destaca com aproximadamente 400
espécies distribuidas em todas as regides tropical e subtropical do mundo (Oliveira e
Valls, 2002; Maciel, Oliveira e Alves, 2009). E um dos principais géneros de gramineas
nativas presente em pastagens naturais, pois, reiine o maior numero de espécies que
apresentam um bom valor forrageiro (Baréa, Scheffer-Basso e Favero, 2006). Uma
das mais importantes espécies com valor econdémico pertencentes ao género, é 0
Paspalum notatum Flugge, que conhecida popularmente como grama-batatais ou

grama-bahia. E uma espécie bastante utilizada na pecuaria para formacéo de pasto,
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e, por isso, apresenta mais pesquisas visando o melhoramento genético da espécie
(Hirata, Kunieda e Tobisa, 2017).

Apesar da representatividade do género para a producdo forrageira, outras
espécies ndo apresentam cunho comercial, sendo consideradas em diversas
situacbes plantas daninhas, por exemplo, Paspalum conjugatum P.J. Bergius,
Paspalum plicatulum Michx., Paspalum urvillei Steud., Paspalum virgatum L e
Paspalum fasciculatum Willd. ex. Fluegge (Brosnan et al., 2009; Headford, 1966; Ferri,
Eltz e Lopes, 2001, Jeffries, Gannon e Yelverton, 2017; Ramirez, Munoz e Edouarzin,
1990; Camacho, Argel e Doll, 1974; Fernandez e Ortiz, 1995).

Atualmente, a espécie Paspalum virgatum L. tornou-se um importante para o
setor pecuario, ndo pelo seu viés forrageiro, mas por causar do enorme prejuizo
econdbmico ao setor ao redor do mundo. Paspalum virgatum € conhecido
popularmente no Brasil como capim-navalha, em Cuba como Caguate, nos Estados
Unidos da América como Talquezal, na Costa Rica como Zacaton, nas Antilhas como
Razorgrass, dentre outros. A planta apresenta distribuicdo na América do Central,
Norte e Sul, sendo nativa em alguns paises, como é o caso do Brasil, mas introduzidas
em outros paises como € o caso da Australia (Figura 1) (Rojas-Sandoval, 2018;
Chase, 1929; Baez, Zamora-Crescencio e Villegas, 2016).

A espécie é uma graminea perene considerada planta daninha de dificil
controle, podendo chegar até 2 metros de altura; apresenta folhas largas e com
estruturas cortantes ao redor do limbo foliar; € uma graminea cespitosa e rizomatosa,
podendo se reproduzir por sementes ou rizomas, sendo que a dispersao geralmente
por zoocoria. A inflorescéncia é formada por uma panicula de coloracdo castanhada
com até 12 cm de comprimento e com a producao de 1500 sementes (Chase 1929;
Rojas-Sandoval, 2018; Dias-Filho, 1990; Sistachs e Ledn, 1987). Para alguns
taxonomistas P. virgartum L. € sinonimia de Paspalum urvillei Steud., ou seja, para
alguns pesquisadores Paspalum virgatum var. parviflorum Doll € o Paspalum urvillei
Steud. (Jeffries, Gannon e Yelverton, 2017; Lorenzi, 2008).

Paspalum virgatum L. possui alta agressividade mesmo em condicbes nao
favoraveis, como facil adaptacdo a solos com baixa fertilidade; além disso, possui
atividade alelopatica, que auxilia a planta no processo competitivo (Silva et al., 2020;
Marques et al., 2019).
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e,

Fra tam

Figura 1. Distribuicdo geogréfica da espécie Paspalum virgatum L. ao redor do
mundo. Fonte: https://www.cabi.org/isc/datasheet/109622.

Apesar das diferencas na nomenclatura da espécie, de modo geral, a
comunidade cientifica aceita que sao espécies diferentes. Um importante fator € que
a planta apresenta distribuicdo em quase todos os continentes e, portanto, tornou-se
um problema global para setor pecuario. A dificuldade de controle se deve a alta
adaptabilidade da espécie, alta producao de sementes por planta e, 0 mais importante,
a semelhanca botanica com as espécies forrageiras, semelhancas botanicas,
fisioldgicas e bioquimicas. As pesquisas com espécie foram frequentes na década de
80 e 90, principalmente no intuito de utiliza-la em cruzamentos para melhoramento
genético das forrageiras. Depois, as pesquisas envolvendo essa espécie foram sendo
reduzidas gradativamente, especialmente na area de planta daninha, mas nos ultimos
anos a pesquisa voltou a estuda-la, devido ao aumento da sua abundancia em areas
de pastagens (Burson e Quarin, 1982; Sistachs, Fernandez e Léon, 1982; Sistachs e
Leodn, 1987; Andrade et al., 2012; Marchi et al., 2020; Silva et al., 2020; Takeshida et
al., 2018).

2.3 A importancia de caracterizagdo morfoanatémica e estudo genético das
plantas daninhas


https://www.cabi.org/isc/datasheet/109622
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A morfologia e anatomia vegetal sdo ciéncias especializadas no estudo das
estruturas, sendo consideradas estruturas, as raizes, folhas, caule, flores e frutos. Na
anatomia ocorre o estudo das células e dos tecidos, ou seja, sdo ciéncias
complementares e, devido a isso, essas duas ciéncias sao tao importantes na
identificacdo de espécies e averiguacdo das diferencas dentro da propria espécie
(Appezzato-da-Gldoria e Carmello-Guerreiro, 2006; Taiz e Zeiger, 2012).

Assim, a caracterizacdo morfologica e anatdbmica fornece informacdes
importantes sobre uma planta para qualquer finalidade de estudo, seja para
identificacdo de espécies, melhoramento genético, propagacdo e manejo. Essa
ferramenta auxilia na correta identificacdo da espécie, determinacdo de estagio
fenoldgico, entre outros. Para Grisi et al. (2011) os caracteres morfoanatdmicos séo
bastante Uteis para descricdo da espécie, especialmente para avaliar o grau de
adaptacdo de uma planta a determinados ambientes, sendo possivel avaliar a
plasticidade anatémica por meio da interferéncia ambiental.

Para a ciéncia das plantas daninhas, a caracterizacdo morfolégica e anatbmica
€ importante para elaboragao correta do manejo. Essa € uma importante ferramenta,
especialmente em casos de plantas que apresentam resisténcias aos herbicidas.
Machado et al. (2008) relataram que o estudo da folha, colmo e rizoma da espécie
Digitaria insularis L. permitiu relacionar com a tolerancia da planta ao herbicida
glyphosate.

Portanto, o estudo morfologico é imprescindivel para estudo de gramineas
tropicais e subtropicais, principalmente para gramineas que sao nativas, e, por isso,
muitas vezes sdo pouco estudadas. O conhecimento sobre as caracteristicas da
planta, como fenologia, tamanho do limbo foliar, persisténcia da planta em uma area
dentre outros, pode permitir que técnicas de manejo sejam adotadas (Costa e
Scheffer- Basso, 2003).

Outra ferramenta utilizada para caracterizagcdo das espécies é o0 estudo
genético das plantas, sendo importante para o melhoramento genético. Porém, nos
ultimos anos, tem sido um instrumento de extrema relevancia para a ciéncia das
plantas daninhas, principalmente em estudos relacionados a resisténcia de plantas
aos herbicidas, como por exemplo em estudos de resisténcia de azevém (Lolium
multiflorum Lam.) ao glyphosate, na qual o uso continuo acarretou na selecdo de
bidtipos resistentes, em que a suscetibilidade ou ndo se deve as caracteristicas

morfologicas, anatdmicas e genéticas das plantas (Ruchel et al., 2015).
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Maroli et al. (2018) relataram o avanco no conhecimento da ciéncia das plantas
daninhas apés a adocdo das técnicas gendémicas, especialmente por compreender a
hibridizagcdo e agressividade das espécies. Aléem disso, os autores enfatizam a
necessidade dos profissionais da 4rea em adotar as técnicas denominadas de
“‘Gmicas”, ou seja, incluir nas pesquisas analises metaboldmicas, protedmicas e
gendmicas, uma vez que o uso das técnicas pode ajudar os cientistas a reduzirem as
lacunas no conhecimento e compreensdo sobre as caracteristicas das plantas
daninhas. Alves et al. (2003) também destacaram a importancia da caracterizacéo das
plantas ndo apenas pela andlise morfoldgicas, mas pela analise genética, ou seja, a
determinacao do nivel de ploidia pode fornecer diferencas importantes para a resposta
da planta a aplicacao de herbicidas.

O sequenciamento de DNA (acido desoxirribonucleico) contribui para o avanco
no estudo evolutivo e adaptativo das gramineas, fornecendo conhecimento para
compreensao da fisiologia e ecologia das espécies. A identificacdo de alelos/genes
gue conferem resisténcia das plantas aos herbicidas, ou mesmo, a expresséo
fenotipica das plantas esta relacionada com o nivel de ploidia da espécie (Hodkinson,
2018; Franco et al., 2017; Rojano-Delgado et al., 2019; Gaines et al., 2020). A alta
variabilidade genética e/ou diferentes posi¢cdes de aminoacidos encontradas dentro
de uma espécie permitem relacionar a diversos acontecimentos durante o processo
evolutivo que acarretaram a adaptabilidade em uma determinada espécie a ambientes
hostis (Torra et al., 2020). Vieira et al. (2007) estudaram acessos de trapoeraba
(Commelina benghalensis L.) e relataram uma enorme variabilidade genética
determinadas por marcadores moleculares, e as diferencas observadas ndo estavam
relacionadas a distribuicdo geografica dos acessos.

As gramineas apresentam uma grande variabilidade genética, sendo evidente
no nivel de ploidida das espécies, sendo este fato bastante explorado no
melhoramento genético. Porém, é conhecido que o nivel de ploidia também pode
interferir no manejo das plantas daninhas. Para a espécie Lolium multifiorum Lam. foi
relatado que plantas tetraploides foram mais competitivas que as plantas dipléides
(Schmitz et al., 2019). Burson e Quarin (1982) determinaram que P. virgatum
apresenta 2n = 4x = 40 cromossSomos, ou seja, € uma espécie tetrapldide, podendo
esse ser um fator que contribui para maior competitividade da espécie.

Ha alguns anos atras, o estudo do nivel de ploidia de uma espécie demandava

bastante tempo dos pesquisadores, principalmente quando trabalhava com uma
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diversidade enorme de espécies, 0 que ocasionava a pouca utilizagdo da técnica na
ciéncia das plantas daninhas. No entanto, atualmente, a técnica de determinacéo por
citometria de fluxo possibilitou maior uso pelos cientistas. A determinacao do valor 2C
de DNA permite substituir a contagem de cromossomos, especialmente em espécies
gue apresentam grande nimero, como € o caso do P. virgatum. Apesar da facilidade,
rapidez e praticidade da técnica, a mesma apresenta uma desvantagem, o custo da
analise por amostra (Schifino-Wittmann, 2001). Porém, é entendivel que o manejo das
plantas daninhas assertivo esteja diretamente relacionado com a caracterizagao dos
acessos da espécie, especialmente o conhecimento acerca da variabilidade genética

dentro da espécie.

2.4  Controle quimico como estratégia de manejo

O controle quimico das plantas daninhas € o método mais utilizado,
principalmente em grandes éareas. Esse método consiste no uso de produtos
quimicos, denominados herbicidas. Os herbicidas causam modificagbes no
metabolismo, que ocasionam danos no desenvolvimento e crescimento das plantas,
podendo resultar na morte delas. Além do mais, € um método que permite rapidos
resultados, ou seja, as plantas podem ser controladas antes ou depois da emergéncia.

Embora o uso constante de herbicidas possa causar uma pressao de selecao
na comunidade de plantas, podendo resultar na resisténcia, € importante ressaltar que
0 surgimento dessas plantas resistentes esta relacionado ao uso inadequado dos
herbicidas, geralmente, em altas doses e/ou falta de rotacdo de herbicidas com
mecanismos de acado diferentes. Por isso, o desafio do uso do controle quimico € a
determinacao de qual molécula utilizar para o controle das plantas presentes na area,
qual a dosagem que ira resultar em controle satisfatério, principalmente em pastos
(Passini e Kranz,1997).

Na literatura encontra-se diversos artigos cientificos que estudam o controle
guimico das plantas daninhas em pastagens, porém, quase todos direcionados ao
controle quimico em plantas dicotiledéneas Os principais herbicidas utilizados nas
pesquisas sao o 2,4-D, picloram, triclopir, ou seja, mimetizadores de auxina que
controlam as plantas denominadas “folhas largas”; ou quando deseja realizar a
aplicacdo localizada ou renovacdo do pasto utiliza-se o glifosato. Entretanto, a

diversidade biolégica encontrada em pastagens €é enorme, em estudos
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7

fitossociol6gicos € possivel encontrar plantas de quase todas as familias,
Amaranthaceae, Asteraceae, Commelinaceae, Convolvulaceae, Fabaceae, Poaceae
entre outras. O desafio do controle quimico de plantas daninhas em pastagem é
principalmente a escolha do herbicida que controla espécies da familia Poaceae, e
seja seletivo a forrageira (Gonzalez-lbafiez 1984; Santos et al., 2006; Tuffi-Santos et
al., 2004; Inoue et al., 2012; Galvéao et al., 2011; Ferreira et al., 2014).

O melhoramento genético de forrageiras e leguminosas para pasto esta nos
ultimos anos pesquisando e desenvolvendo plantas tolerantes ao herbicida. Bunnell
et al. (2003) avaliaram que as cultivares de Paspalum notatum Flugge, pensacola,
argentine, paraguaio e tifton-9 foram tolerante a aplicacdo do herbicida metsulfuron,
permitindo serem utilizadas em pastagem. Outra linha de pesquisa esta sendo a
determinacao de doses de herbicidas que controle a planta daninha sem causar danos
permanentes nas forrageiras. Takeshita et al. (2018) estudaram o uso do herbicida
atrazine para controle de P. virgatum em pastagens formadas por Urochloa brizantha
(Hochst. ex A. Rich.) e observaram que a dose de 500g ha de ingrediente ativo
resultou no controle satisfatério da planta daninha, mas com o aumento da dose a
forrageira apresentou danos significativos.

Portanto, para a determinacdo do herbicida e da dose incialmente deve ser
realizado um estudo fitossocioldgicos na area, para averiguar a diversidade da flora
existente. Além disso, € importante acompanhar as condi¢des climaticas e averiguar
0 equipamento adequado para aplicacao dos produtos, pois em areas com declive
acentuado a pulverizagdo com autopropelido ndo € recomendada, tornando-se a
aplicacdo aérea uma alternativa viavel (Pitelli, 1987; Carvalho et al., 2008; Carbonari
et al.,, 2011). Alids, é importante ressaltar que a unido multidisciplinar (agronémos,
bidlogos, ecologistas etc.) auxiliarda na melhor compreensdo sobre as plantas
daninhas e assim na elaboracdo de estratégias de manejo mais eficientes e menos

impactantes ao meio (Busi et al., 2013).
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Chapter 2 - Ploidy determination and herbicide effectiveness in Paspalum urvillei
Steud

Abstract

Paspalum urvillei Steud (Vaseygrass) is a plant with potential to be used as forage in
Brazil, particularly in the State of Rio Grande do Sul. However, in the United States,
Vaseygrass is considered to be a weed specie difficult to control. Therefore, the
objective was to evaluate the ploidy levelof two populations of Vaseygrass exposed to
different weed management practices in Florida. The evaluate their ploidy level using
flow cytometry and the efficiency in chemical control for these two populations, was
use five treatments: T1-Control, T2- Imazapic, T3- Nicosulfuron, T4- Glyphosate and
T5- Nicosulfuron + glyphosate, were evaluation: visual injury, plant height, stem
diameter, number of leaves, SPAD and number of tillers were measured. The results
from the ploidy analysis revealed that both populations had similar DNA content and
were classified as tetraploids. The average DNA content in accessions of Vaseygrass
was 2.31 pg for Fence and 2.25 pg for Pasture. For visual intoxication, the use of
glyphosate and nicosulfuron + glyphosate caused strong herbicide injury at 7 days.
Glyphosate (1,16 L ha) or imazapic (0,29 L ha) resulted in total destruction of the
plant, regardless of the history of weed management in both populations.

Keywords: Flow cytometry; Pasture; Vaseygrass; Weeds.
1 Introduction

Pasture areas are of great importance in livestock production because they
provide feed to the livestock at lower costs compared other feed sources. However,
the carrying capacity of forage plants may decrease due to the presence of weeds,
and the Poaceae family has the most representative and frequent weeds in pasture
areas (Costa et al., 2008; Tuffi Santos et al, 2004).

In the Poaceae family, Paspalum L. stands out as being one of the largest genus
with approximately 400 species. Most Paspalum species are native to Tropical and
Subtropical America, with some species native to the old world (Maciel et al., 2009).
Given the range of occurrence and the difficulty in their control, species such as

Paspalum fasciculatum Willd. ex Fligge and Paspalum virgatum L. (Talquezal) have
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become the most problematic weeds in pasture areas of several regions in Brazil
(Galvao et al.,2011; Andrade et al., 2012). There are also recent reports about the
presence of plants of this genus infesting important annual crops, such as corn (Zea
mays L.), soybeans (Glycine max L.) and sugarcane (Saccharum L.) (James and
Rahman, 1997; Takin and Amodu, 2013; Silva et al., 2018).

In recent years, talquezal has become an important weed for pasture areas and
its management is considered difficult. Just as talquezal is considered a weed problem
in Brazil, vaseygrass is also a weed problem in the United States of America and
around the world, as reported in New Zealand, Australia, Porto Rico, and Argentina
(Gonzalez-lbafiez, 1987; Percival, 1977). Vaseygrass is native to South America, is a
C4 perennial plant, which became a common weed in pastures, highways, and in other
locations, due to its aggressiveness and easy propagation, it has become an important
weed for growers (USDA, 2020; Lorenzi, 2008). Vaseygrass was introduced in the
southeastern United States and became a weed common in pastures (Newman and
Sollenberger, 2005). According to North American taxonomists, vaseygrass is
considered a synonym for talquezal (Jeffries et al., 2017)

In order to deal with the aggressiveness of this plant, the use of herbicides has
become an important and most used strategy for control. However, due to the botanical
closeness to forage species, the chemical control became difficult (Goulart et al.,
2012). Application of cletodim with grass cut improved the control percentage, but the
same results were not found for the application of imazapic, metsulfuron + nicosulfuron
(Jeffries et al., 2017).

Due to the difficulty in obtaining acceptable weed control for vaseygrass, it is
guestioned which factors might be related to the efficacy of control. Previous reports
show that intrinsic factors such as the plants’ genetic composition and the genetic
diversity found in the species might be influencing its response to herbicide tolerance.
It has been showing that approximately 75% of the 350 known species of Paspalum
(Poaceae) are polyploid, and the majority of polyploids are apomitic (Galdeano et al.,
2016). In diploid cytotypes of Paspalum stellatum Humb & Bonpl. Ex Fligge, Paspalum
malmeanum Ekman and Paspalum schesslii Bonasora & Rua, the generation of
interspecific hybrids is occurring, which gives rise to allopolyploid complexes
(Bonasora et al., 2018), but vaseygrass has been reported as tetraploid (Vaio et al.,
2007).
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Among the various techniques available for the study of polyploidy, flow
cytometry is a technique that has been used to characterize ploidy level in several
paspalum populations (Schifino-Wittman, 2001; Ortiz et al., 2013; Sartor et al., 2011;
Siena et al., 2008). The determination of the amount of nuclear DNA in a group of
organisms can be extremely relevant, since this information is essential to the
knowledge about the species being studied (Schifino-Wittman, 2001). The author
reports that the quantification of chromosomes by the flow cytometry method is
advantageous, since the process of sample preparation is associated with the large
number of nuclei that can be analyzed. Also, by using small amounts of tissue, it is
possible to obtain results quickly. Therefore, the plant for being from the same family
as forage plants can make it difficult to choose herbicides that perform effective control,
in addition to the genetic variation directly influencing the plant's response to the
herbicide. However, this study aimed to analyze the ploidy level of two populations of

Vaseygrass and the effectiveness of weed control options.

2 Material and Methods

The seeds were collected in 2019 from two locations at the Agronomy Forage
Research Unit, Hague, Florida. The populations selected for seed collection have
undergone a different history for weed control: i) The population 1: a population of
plants growing in proximity to a fence and exposed to only chemical control, with
herbicides glyphosate and 2,4-D (29.80 Latitude and -82.42 Longitude) and ii)
Population 2: it went through constant mechanical control management in a pasture
area (29.63 Latitude and -82.35 Longitude). Mature seeds of the two populations were
harvested individually, transported to the Forage Breeding and Genetics laboratory in
Gainesville, FL, and they were individually threshed and cleaned.

After cleaning, the seeds were sown in plastic trays with 72 cells and placed in
the greenhouse for 25 days. For transplanting, the seedlings were planted in
commercial substrate (composed of Canadian Sphagnum peat moss (85%), Perlite,
Vermiculite, Dolomitic and calcitic limestone and wetting agent) in plastic 1.2 liters
volume pots and were irrigated daily. During the whole experiment, the plants were
kept in the greenhouse where each pot received 30 ml of liquid fertilizer in commercial
formulation (Nitrogen 24%, Phosphate 8%, Potash 16%, Boron 0.02%, Copper 0.07%,
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Iron 0.15%, Manganese 0.05%, Molybdenum 0.0005% and Zinc 0.06% commercial

Market Miracle-Gro®) every 3 days.

2.1 Ploidy level

For flow cytometry, approximately 100 mg of Vaseygrass leaves in vegetative
stage were used, sectioned in 1.0 mm and placed in Petri dishes in 500 pL of
commercial extraction solution (Rios et al., 2015). The leaf tissue was cut and
incubated in solution for 30 seconds. The samples were filtered through Partec 50 um
CellTrics (Sysmex®) and 2 mL of staining solution containing propidium iodide and
RNase (CyStain PI, P absolute, Sysmex®) was added to stain the extracted cores. The
samples were kept refrigerated in a polystyrene box with ice for 5 min and analyzed
immediately at the BD Accuri C6 Flow scintimeter using the FL2 channel (Accuri
Cytometers, Ann Arbor, Michigan, United State of America).

For each sample, at least 5000 nuclei were counted and analyzed using the BD
Accuri CFlow software. Samples with histograms showing peaks with coefficients of
variation less than 10% were considered for analysis. For control, diploid and tetraploid
Paspalum notatum Fligge. Parodi, cultivars, Pensacola (2n=2x=20) and Argentine
(2n=4x=40) were used as controls, and “B73” maize (Zea mays) was used to estimate
genome size in vaseygrass. To evaluate the level of ploidy and estimate the size of the
genome, the solution containing propidium iodide binds to DNA and fluoresces when
excited by an energy source. The amount of propidium iodide that binds to DNA is
proportional to the amount of DNA present in the sample and, therefore, the
fluorescence intensity recorded by the flow cytometer is an accurate estimator of the
DNA content per cell. Thus, the flow cytometer recorded the fluorescence intensity of
the propidium iodide bound to the DNA of the cells in periods G1 and G2 present in
the leaf samples. Therefore, the amount of DNA contained in the diploid nuclei (2C
DNA content) was calculated based on the fluorescence intensity recorded for the G1
peak (Rios et al., 2015).

2.2 Effectiveness of chemical control

The experiment was carried out in a greenhouse at the Forage Breeding and
Genetics Lab, Gainesville, FL between (The experiment starts in 2019 and finish in

2020). The 500ml volume pots were filled with commercial substrates composed of
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Canadian Sphagnum peat moss (85%), Perlite, Vermiculite, Dolomitic and calcitic
limestone and wetting agent. Seedlings were transplanted after 25 days into 300ml
pots. 35 days after transplanting, the plants were replicated and planted in 500ml pots.
When the plants reached full vegetative state after 20 days of replication, the seedlings
were subjected to the treatments.

The experimental design was a randomized complete block in a 2 x 5 factorial
treatment arrangement with four replicates. The experiment was performed twice to
validate the data, thus is possible to better understand the biological response of plants
to the treatments used. Factor A consisted in the two populations of Vaseygrass.
Factor B consisted in the treatments: T1-Control, T2- Imazapic, T3- Nicosulfuron, T4-
Glyphosate and T5- Nicosulfuron + glyphosate and in all treatments a non-ionic
adjuvant (composition was alkyl aryl polyoxyl kane ethers and free fatty acids) was
added. The dosage used was based on the recommendation provided in the product
labels for grass control (Table 1). For the treatment application, we used a spray
chamber with constant pressure (COz2), equipped with the bar automatically activated
in the control panel, containing a Teejet tip of the plan jet model TT 11005 and adjusted
to distribute 187 L ha of spray solution, with 2.8 bar pressure. At 7, 14 and 21 days
after the treatments (DAT) were applied, visual injury evaluation of the plants were
performed (Table 2) (EWRC, 1964). Concomitant to these assessments, photographic
records of the symptoms of plant injury were collected. Plant height (cm), stem
diameter (cm), number of leaves and number of tillers were measured. At day 21,
shoots were cut and placed in an oven with air circulation at a temperature of 45 °C for
96 hours, to determine dry matter production in a precision scale.

Table 1- Commercial products, active ingredients, formulation and rates tested this
study.

Commercial o : Formulation Rate of Quantity of
Active ingredient o 1
name type pulverization  product per ha-
Accent® Nicosulfuron WG 18.2 170. 24*
Cadre® Imazapic SL 4 0.2924**
Sunphosate® Glyphosate SL 16 1.1696**
Induce® Non-ionic SL 0.25 0.5%*

adjuvant

WG-= Dispersible granules. SL = Concentrate soluble. *g ha-*. ** L ha-'.
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The data obtained were subjected to normality analysis of the residuals by the
Shapiro-Wilk test at 5% probability and the Bartlett test at 5% probability in order to
verify the homogeneity of the variance. The variables plant stem diameter and number
of plant leaves considered non-normal were transformed using the Box-Cox method.
For the visual intoxication variable, the transformation of the data into square root x +
0.5 was used. The model used consists of y = populations *herbicide + control * trials.
The population factor composed of plants originated from seeds collected in the area
of fence and pasture. The herbicide factor was composed of treatments with isolated
herbicide, mixture, and control treatment. Trials factor was composed of the repetition
experiment for validation and understanding of the data. Then, the analysis of variance
was performed using the F test, with significance being compared by Tukey test (p>
0.05), using the R Core Team software (R core team, 2019).

Table 2- Adopted scale used for the visual evaluation of phytotoxicity caused by the
four commercial products herbicides pulverization in plants of the Paspalum urvillei
Steud (Vaseygrass), adapted from European Weed Research Council (1964).

Note Phytotoxicity

Null
Very light
Light
Regular
Average
Almost strong
Strong

Very strong

© 00 N oo o B~ wWw N PP

Extremely strong

[EEN
o

Total destruction

3 Results
3.1 Ploidy level

The results from the ploidy analysis revealed that both populations had similar
DNA content, and both were classified as tetraploid (2n=4x=40) based on the
comparison with their G1 peaks and the G1 peak in the tetraploid bahiagrass cultivar
Argentine (2n=4x=40). There was consistency between the results obtained by
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evaluating ploidy level two times in both populations. The average DNA content in
accessions of Vaseygrass was 2.31 pg for population 1 and 2.25 pg for population 2
(Figure 1).

E12 VaseyL A FO1 Vasey Ar B i
, C
Gate: [No Gating] o _Gate: [No Gating] - gg?fﬁﬂ’fg:tmm

500

Figure 1- Histograms of the fluorescence intensity to DNA in cell nuclei extracted from
leaves of (A) Population of vaseygrass from fence area, (B) Population of vaseygrass
from pasture area and (C) Population of Paspalum notatum Flugge. Parodi cv.
Argentine.

3. 2 Effectiveness of chemical control

The test for chemical control allowed us to observe the response of the two
populations to different chemical treatments. Significant (P<0.05) two-way interactions
were observed for plant height between population and treatments (7 DAT and 14
DAT). At 7 DAT treatments were observed the fence was affected with used herbicides
Nicosulfuron and Glyphosate. 21 DAT treatment had a significant (P<0.001) effect in
plant height and all treatments showed smaller plants compared to the control (Table
3).

Number of leaves interactions were observed (P<0.05) between treatment and
trial (7 DAT), treatment and trial, treatment and population (14 DAT), treatment and
population (21 DAT) (Table 3). The number of leaves was lower after the treatment
with glyphosate, when compared with the treatments nicosulfuron and imazapic at 7
DAT, also, at 7 and 14 DAT were had significant for trial because the plants had
differences between first and second trial, consequently, were observed differences
response for treatments. At 14 and 21 DAT were observed difference population fence
and pasture, because plants from fence area were a lower number of leaves in

treatment control (Table 3).
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Table 3- Average values of plant height (cm) (PH) and Number of plant leaves (NPL)
measured at 7, 14 and 21 days after application of treatments on Paspalum urvillei
Steud (Vaseygrass).

Treatments Population PH 7 PH 14 PH21 NPL 7 NPL 14 NPL21

Fence 13.40aA 17.2aA 20.19aA 8.00aAB 13.00bA 17.0bA
Control
Pasture 12.20aAB 15.6aA 16.98aA 8.00aAB 19.00aA 23.5aA

Fence 9.82aA 8.25aB 4.05aB 8.25aA 7.25aB 1.5aC
Imazapic
Pasture 10.5aAB 8.48aA 3.59aB 8.25aA 7.75aB 1.0aBC

Fence 7.91bA 7.90aB 5.55aB 9.00aA 9.50aB 6.50aB
Nicosulfuron
Pasture 15.7aA 12.6aA 4.8laB 9.00aA 10.0aB 4.75aB

Fence 9.42aA 8.70bAB 4.83aB 5.00aB 7.5aB 0.0aC
Glyphosate
Pasture 7.78aB 7.69bA 6.02aB 5.00aB 7.5aB 2.0aBC

Nicosulfuron + Fence 8.21aA 6.18aB 3.85aB 6.66aAB 9.00aB 0aC

Glyphosate
Pasture 10.3aAB 10.6aA 3.88aB 6.66aAB 8.33aB 0aC

The same lowercase letters in the column means that the population does not differ
from each other by the Tukey test (p> 0.05). Capital letters in the column mean that
the treatments do not differ by Tukey's test (p> 0.05).

For number of plants tillers significant (P<0.05) two-way interactions were
observed for populations, between treatment and trial (7 DAT, 14 DAT and 21 DAT)
and population and treatments (14 DAT) (Table 4). But, at 7 DAT the population
significance (P<0.05) was observed, at the glyphosate and nicosulfuron + glyphosate
treatment the plants from the fence were a lower number of tillers. At 14 DAT the
differences were observed because all tillers died, that is, pulverization of herbicide
resulted in a decrease in the number of tillers (Table 4). Finally, at 21 DAT were
observed that plants from the fence area had a lower number of tillers in the control
treatment, with all treatments that used herbicides were different from control
treatments.

Plant stem diameter were observed significant (P<0.05) two-way interactions
between treatment and trial (7 DAT), also, were observed difference for treatments,
trial and interaction between treatment and trial (21 DAT) (Table 4). The stem diameter
decreased after the pulverization of herbicides, as a result of physiological responses,
for exemplo, photosynthesis reduction. The same pattern was observed for the other

variables evaluated previously. At 7 DAT in treatment control, the plant’s fence had a
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lower diameter compared to other treatments and the plant’s pasture (Table 4). 21
DAT, all treatments were different from control, no have difference between herbicides.

The SPAD was observed significant (P<0.05) interactions between treatment
and trial (7 DAT, 14 DAT and 21 DAT). In this work, the SPAD index (Table 5),
combined with other variables previously showed, allows to understand the plants’
response to the herbicides applied. Regarding the response of plants to the herbicides,
it is possible to observe that at 7 DAT there was no difference between the control and
the treatments, except for the herbicide nicosulfuron. 14 DAT, the differences in the
treatments glyphosate, nicosulfuron + glyphosate and imazapic in population pasture
were perceived (Table 5). At 21 DAT, there was a difference between the populations
treated and the control, since these plants had all the symptoms of visual injury, such
as loss of photosynthetically active tissue (Table 5). The highest SPAD values indicate
that the plants have good the level of chlorophyll and thus, indicates that the plants are
healthy, according to the values 34.70 and 31.90 observed in the control for
populations fence and pasture, respectively. Similarly, for the previous variables for
factor trial and interaction with the trial was significant (P<0.05) for the same reason

previously described.

Table 4- Average values of Number of Plant Tillers (NPT) and Plant stem diameter
(PSD) (mm) at 7, 14 and 21 days after application of treatments on Paspalum urvillei
Steud (Vaseygrass).

Treatments Population NPT 7 NPT 14 NPT21 PSD 7 PSD 14 PSD21

Fence 1.33aA 4.00aA 6.00aA 3.36bA 4.77aA 6.12aA
Control
Pasture 2.00aA  3.33aA 5.00bA 5.32aA 5.93aA 4.60aA

Fence 1.0aA 0.5aBC 0.00aB 3.87aA 2.40aBC 1.57aBC
Imazapic
Pasture 1.5aA 1.0aBC 0.25aB 3.55aA 2.05aB 0.85aB

Fence 1.50aA 1.25aB 0.75aB 3.63aA 4.60aAB 2.5aB
Nicosulfuron
Pasture 1.75aA 1.75aB 0.50aB 4.50aA 3.45aAB 2.6aB

Fence 0.33bA  0.00bC 0.00aB 3.77aA 2.10aABC 1.6aBC
Glyphosate
Pasture 2.00aA 1.5aB 0.00aB 4.07aA 2.82aB 1.7aB

Nicosulfuron Fence 0.5bA 0.25aBC 0.00aB 3.05aA 2.02aC 0.52aC
+

Glyphosate  pasture 1.5aA 0.00aC 0.00aB 3.13aA 2.38aB 1.17aB
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The same lowercase letters in the column means that the population does not differ
from each other by the Tukey test (p> 0.05). Capital letters in the column mean that
the treatments do not differ by Tukey's test (p> 0.05).

Visual injury observed were significant (P<0.05) for treatment and interactions
between treatment and trial (7 DAT, 14 DAT and 21 DAT) (Table 5). The scores for
visual injury of the plants showed that glyphosate and the mixture of nicosulfuron +
glyphosate caused strong symptoms of intoxication by the herbicides at 7 DAT at 14
DAT (Table 5). Nevertheless, after the application of nicosulfuron, plants did not show
strong visual injury as the other herbicides (Table 5). At 21 days, all treatments were
different from the control. However, the treatments glyphosate and imazapic resulted
in the total destruction of the plant. Although the herbicide nicosulfuron resulted in the
efficient control of the plants, the effect was lower when compared with the other
herbicides (Table 5). The interactions treatment and trial showed that the first trial had
more scores of visual intoxications compared the second trial. Despite the difference,
the treatments in both trials showed the same behavior for Tukey results, with the
exception of the nicosulfuron treatment, which showed a statistical difference between
the trials with better control scores in the second trial. For dry matter, significant
(P<0.05) were observed difference only for treatments (Figure 2), in which, were
observed difference between treatment control and treatments with herbicides. Figure
2 shows that the use of herbicides reduced plants’ dry biomass, causing a reduction of

approximately 74% compared to the control.

Table 5- Average values of SPAD and Visual intoxication (VI) at 7, 14 and 21 days
after application of treatments on Paspalum urvillei Steud (Vaseygrass).

Treatments Population SPAD 7 SPAD 14 SPAD21 VI 7 VI 14 VI21
Fence 43.55aA 35.70aA 34.70aA 1.00aD 1.00aE 1.00aC
Control
Pasture 36.17aA 32.45aA 31.90aA 1.00aD 1.00aE 1.00aC
Fence 34.40aAB 24.92aAB 1.00aB 4.25aBC 7.00aC 9.75aA
Imazapic
Pasture 28.70bA 16.50aBC 3.72aB 4.25aB 7.00aC 9.75aA
Fence 23.72aB 30.80aA 8.95aB 3.75aC 6.00aD 8.50aB
Nicosulfuron
Pasture  40.55aA 29.10aAB 6.35aB 3.33aB 6.00aD 8.75aB
Fence 34.07aAB 9.90aB 1.00aB 5.5aAB 8.00aB 10.0aA
Glyphosate
Pasture 27.30aA 13.35aBC 1.00aB 5.5aA 8.00aB 10.0aA
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Fence 27.45aAB 10.67aB 1.00aB  6.5aA 9.00aA 10.0aA
Nicosulfuron + Glyphosate
Pasture 26.35aA 7.75aC 1.00aB 6.5aA 9.00aA 10.0aA

The same lowercase letters in the column means that the population does not differ
from each other by the Tukey test (p> 0.05). Capital letters in the column mean that
the treatments do not differ by Tukey's test (p> 0.05).

4 Discussion

4.1 Ploidy level

The ploidy level found in this study showed both populations were tetraploid. This
information is important for the P. urvillei control plants, since it makes it possible to
confirm, quickly and accurately, the species and ploidy level of genotypes collected on
pastures. In species studied in the genus Paspalum from South America, the authors
reported 2C values between 2.29 pg and 2.43 pg for Paspalum urvillei and 2.40 pg for
species in Brazil (Vaio et al.,, 2007). Burson (1979) studying crosses of Paspalum
urvilleiX P. intermedium founded that plants tetraploid as same as found in this study.
In studied about crosses of several species in the genus Paspalum and found that P.
urvillei has 2n = 40 (Burson, 1979), corroborating the level of ploidy found in the
populations in this study.

The knowledge about the ploidy level in Paspalum species is important to
elaborate an efficient weed control management of the plants in a given area, for
example, in plants with different levels of ploidy, usually have leaves of different sizes,
because of this, the drop size needs to be adjusted at the time of application so that
the product is absorbed. In addition to that, genetic differences between populations
may justify hindrances in control, for example, resistant plants appearance, an also
enhance the understanding of evolutionary processes, which might result in resistant
plants to a certain herbicide. In a study with camalote grass (Rottboellia
cochinchinensis) accessions from several locations, founded all accessions were
polyploid, which could explain the difference in the effectiveness of chemical control
(Alves et al., 2003).
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Figure 2- Average values of dry matter (g) at 21 days after application of treatments
on vaseygrass. The residual standard deviation was 0.1473. The same lowercase
letters mean that the population did not differ from each other by the Tukey test (p>
0.05). Capital letters mean that the treatments did not differ by Tukey's test (p> 0.05).
Colors black for plants from fence area and grating for plants from pasture area.

In studied Lolium perenne L. Dors et al. (2010) it was founded those diploid
genotypes showed differential susceptibility to glyphosate, while tetraploid genotypes
showed more tolerant to this herbicide. Therefore, plants characterized as diploids
presented greater susceptibility to glyphosate when compared with tetraploids.

4. 2 Effectiveness of chemical control

For plant height, the decrease is recurrent to the extreme damage caused by
the herbicide. Glyphosate is an EPSPS enzyme inhibitor (5-enolpyruvoylshiquime 3-
phosphate synthase), a broad-spectrum and post emergence herbicide This herbicide
is widely used in leaf desiccation and pasture renovation. In general, symptoms start
in the first week after pulverization, followed by leaf necrosis in the following days
(Duke and Powles, 2008). These symptoms were observed during the experiment,
showing the susceptibility of both populations evaluated.

In management, all Poaceae weed species are not difficult to control in the
pasture, because the number of tillers is important for perpetuation of the species. The
herbicides that affect the tillers can cause a decrease in regrowth of the plants,
especially for weeds that have bunch-type growth habit. All treatments were statistically

different from the control and presented less tillers, which means that after the
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herbicides caused a decreased in the reserves directed to the tiller formation
(Harmoney, Stahlman, Hickman, 2004). The use of herbicides in this study caused a
decrease in the perpetuation of the plants. For weeds, it is interesting to reduce the
number of tillers as it compromises plants’ persistence in the infested area, different
from what is desired for forage plants (Santos et al., 2009).

In general, stem diameter decreased after the pulverization of herbicides. The
herbicides imazapic and nicosulfuron presents the same mode of action - acetolactate
synthase (ALS) inhibitors - but different chemical groups. The effects of those
herbicides consist in reducing stem thickness and internode length, causing the death
of grasses between 10 and 60 days after application. Thus, the results obtained from
stem diameter were similar to the results reported in the literature (Zhou et al., 2007;
Orcaray et al., 2009).

The SPAD index is an equipment developed for the instant diagnosis of
chlorophyll content in leaves without causing damage to the plant. The SPAD index
has the ability to detect genetic variability between accessions, along with other
analyzes such as plant height (Oliveira et al., 2020). In studies were observed SPAD
index values for healthy P. notatum plants between 37.67 to 39.80, while for species
P. regnellii, P. conspersum, P. malacophyllum and found SPAD values of 34.16, 34.48
and 33.5, respectively (Pereira et al., 2017; Beloni et al., 2017). In a variety of Oryza
sativa was found that SPAD values are different for each variety, but in this study, no
differences were observed between populations (Rahman et al.,, 2017). However,
although the SPAD index is important, further information is needed, such as
morphological characteristics and climatic conditions at the time of the readings,
especially when performed in field conditions (Simili et al., 2019).

For chemical control, several works have highlighted the level of visual injury
considered satisfactory. In a study with Ventenata dubia was found that the use of
imazapic to control exotic species reduced coverage and plant density in the area, with
levels of control between 82% to 94%, which was considered satisfactory by the author
(Davies and Hamerlynck, 2019) For plants in the vegetative stage used in this work,
the imazapic control percentage was 97%. In a study carried out with glyphosate for
the control of Nassella trichotoma, the authors did not achieve acceptable control of
plants (above 90%) (Campbell and Gilmour, 1979), unlike this study, in which the
percentage of control was 100%. Low doses of glyphosate (133.60 and 365.63 g ha')
were able control of Urochloa brizantha achieving 90% by sequential pulverization in
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a pasture area with Tifton 85 (Cynodon spp.), without compromising the forage yield
(Santos et al., 2007). Thom, Wildermoth and Taylor (1993) found that the use of
glyphosate in low doses controlled an infestation of P. dilatatum in a pasture of Lolium
perenne L. Also, the presence of P. dilatatum increased the accumulation of forage in
later years due to higher competition with the weeds. Therefore, the use of herbicides
can support the competitiveness of forages in an area, by enlarging the dossal of
cultivated plants and consequently, shading the weeds.

According to the variables presented and the conditions of the experiment
carried out, glyphosate can be recommended to suppress Vaseygrass in Florida
pastures, since there was no difference between its effects when applied isolated or in
the mixture. Despite the efficient control of nicosulfuron and imazapic, they have
residual effect, which may affect the production of dry matter in forages. In addition,
the sandy soils in Florida, and shallow water tables can cause environmental impacts
for ALS herbicides due to the leaching process of chemical products in sandy soils
(Gonzalez and Ukrainczyk, 1996; Jhala and Singh, 2012). In studied the degradation
of imazapic in rice production system Pinto et al. (2011) founded that herbicide leave
residues in the soil enough to interfere negatively in plant growth and productivity. But
for beans, cucumbers and sunflowers were found can only be sown in areas that
nicosulfuron was pulverization after 30 days (Carvalho, Moretti, Souza, 2010).

The use of glyphosate should also be carried out with caution, in terms of its
broad-spectrum control There is practically no selectivity for pasture and the symptoms
of visual injury of the plant appears 15 days after spraying the herbicide. Regarding
the use of glyphosate in established pastures, it can cause severe damage to forage
species, so the adoption of specific application technology for localized control is
preferred. However, glyphosate can be used in total area application when the goal is
to restore the pasture (Mello, Souza, Tironi, 2017).

In the current perspective it is important to understand that the use of one of
theall herbicides used in these studies should be carried out with caution. Since, there
are several reported cases of resistance from ALS and EPSPS (Gaeddert, Peterson,
Horak, 1997). Furthermore, the plants’ response to glyphosate may diversify due to
several biochemical and physiological factors, including changes in CO2 concentration
(Fernando et al., 2016). According to Fernando et al. (2016) weeds with C3 metabolism

respond to carbon concentration and can be more susceptible to the appearance of
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resistant plant cases. As P. urvillei plants has C4 metabolism and the population of this

assay are tetraploid, it might have resulted in efficient control of both populations.

5 Conclusions

Flow cytometry allowed the rapid determination of the ploidy level of Paspalum
urvillei plants. The two populations of vaseygrass were classified as tetraploid, with 2C
values 2.31 pg and 2.25 pg for population 1 and 2, respectively. The application of
glyphosate (1.1696 L ha') controlled 100% of the plants of Paspalum urvillei under the
conditions of this study. The destruction of the plants happened at 21 days after the

pulverization of the herbicide.
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Capitulo 3 - Caracterizacdo morfoanatémica e genética de acessos de Paspalum

virgatum L.
Resumo

O capim-navalha (Paspalum virgatum L.) € uma planta daninha importante em areas
de pastagem, causando prejuizos significativos aos pecuaristas, sendo considerada
uma espeécie de dificil controle. A caracterizacdo dos acessos podera descrever
particularidades de interesse que estdo diretamente relacionados a eficacia de
herbicidas. Assim, objetivou-se identificar e caracterizar a morfoanatomia e a genética
dos acessos de capim-navalha oriundos de diferentes localidades do Brasil. Foram
coletados quatro acessos da espécie (PAVML, PAVRL, PAVME e PAVRE),
submetidos a: ensaios biométricos e germinativos das sementes; caracterizagcao
anatémica, com cortes histoldgicos transversais; imagens topograficas das superficies
adaxial e abaxial; caracterizacdo morfologicas das plantas nos estagios vegetativos e
reprodutivos; determinacao do teor de clorofila e quantificagéo da cera epicuticular dos
acessos; determinacdo do nivel de ploidia; e a estimativa do tamanho do genoma,
pelo método da citometria de fluxo. Os dados obtidos foram submetidos a analise de
variancia e as médias ao teste de Tukey (p>0,05). Os resultados demostram que
existem diferencas morfoldgicas, anatdmicas e genéticas entre os acessos. Os
acessos PAVRL e PAVML ndo apresentaram diferengas estatisticas entre si, mas
foram diferentes dos acessos PAVME e PAVRE em diversas variaveis estudadas,
como peso de mil sementes, comprimento da semente e coloracdo das sementes,
comprimento da folha, &ngulo de inser¢édo das folhas, comprimento do parénquima,
comprimento da nervura central, teor de clorofila e entre outras. Além disso, os
acessos apresentam o valor 2C de 2,85pg. Contudo, acessos sao identificados
botanicamente como sendo exemplares de Paspalum virgatum L. O PAVRE e PAVME

tém menor comprimento de lamina foliar e todos 0s acessos sao plantas tetraploides.
Palavras-chave: Biometria, capim-navalha, citometria de fluxo, cera epicuticular.
Abstract

Taquelzal (Paspalum virgatum L.) is an important weed in pasture areas, causing
significant damage to ranchers, is considered difficult to control. The characterization

of the accessions may describe particularities of interest that are directly related to the
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effectiveness of herbicides. Thus, the objective was to identify and characterize
morphoanatomical and genetic accessions of taquelzal (Paspalum virgatum L.) from
different locations in Brazil. Four accessions of the species were collected (PAVML,
PAVRL, PAVME, and PAVRE), and subjected toiometric and germinative tests of the
seeds;anatomical characterization, with transversal histological sections; topographic
images of the adaxial and abaxial surfaces; morphological characterization of the
plants in the vegetative and reproductive stages; determination of the chlorophyll
content; quantification of the epicuticular wax of the accessions; the determination of
the level of ploidy; and the estimation of the size of the genome, by the method of flow
cytometry. The data obtained were submitted to analysis of variance and the averages
analyzed by the Tukey's test (p> 0.05). The results showed that there were differences
among the accesses. PAVRL and PAVML access did not present statistical differences
between them, however, they were different from the PAVME and PAVRE access, in
several studied variables, such as weight of a thousand seeds, length of the seed and
color of the seeds, leaf length, leaf insertion angle, parenchyma length, central vein
length, chlorophyll content, and others. In addition, the accesses have a 2C value of
2.85pg. Nevertheless, accessions were identified botanically as being examples of
Paspalum virgatum L. The PAVRE and PAVME accesses had shorter leaf blade

length, and all accessions are tetraploid plants.
Keywords: Biometrics, Taquelzal, flow cytometry, epicuticular wax.

1 Introducéo

O género Paspalum pertencente a familia Poaceae, € um importante género
por incluir diversas espécies de importancia econdémica, sejam plantas destinadas a
formacao de pasto, sejam gramados esportivos ou como ornamentais. As espécies do
género Paspalum sao naturalmente distribuidas nas regides tropical e subtropical
(Cidade et al., 2013; Sartor, Quarin e Espinoza, 2009). No entanto, esse género
também inclui importantes plantas da