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Resumo Geral

As invasdes biologicas sdo muito comuns. As zonas riparias estdo entre as que sofrem
importantes invasdes biologicas. O acumulo de biomassa e necromassa interfere na
dindmica das comunidades de maneira significativa. Considerando a potencial
nocividade de espécies invasoras, é interessante que pensemos em formas de controle.
Nossos objetivos sdo verificar se: 1) a producdo de biomassa e necromassa de
Hedychium coronarium, Urochloa decumbens, Melinis minutiflora e Pennisetum
purpureum estdo relacionadas com varidveis climaticas, 2) a producdo aérea primaria
liquida de H. coronarium, U. decumbens, M. minutiflora e P. purpureum ao longo do
ano, 3) testar o efeito do corte de rametas de H. coronarium uma vez e duas vezes por
ano no seu crescimento, 4) testar o efeito do arranquio de rizomas de H. coronarium
uma vez no seu crescimento, 5) testar o efeito no crescimento de H. coronarium com
injecdo em seus rizomas de extrato alcodlico de Typha dominguens em duas
concentracdes (5% e 10%), 6) testar o efeito sobre o crescimento de H. coronarium
com injecdes de glifosato nos seus rizomas e 7) com spray de glifosato nas suas folhas.
Nossas hipdteses sdo 1) a producdo de biomassa e de necromassa estardo relacionadas
as variaveis climaticas, 2) a producdo aérea primaria liquida de todas as espécies sera
alta no ano de estudo e 3) havera mudanca no crescimento de H. coronarium com a
aplicagdo dos tratamentos. Coletamos mensalmente biomassa aérea e necromassa das
quatro espécies. Para calcular a producéo aérea primaria liquida, usamos o método de
Smalleys. Testamos a normalidade dos dados com o teste de Shapiro-Wilks. A relagéo
entre as varidveis climaticas foi testada com o teste de Spearman. As variaveis ndo
relacionadas entre si foram testadas em modelo linear misto (GLM) na sua relagdo com
as variaveis climaticas. Para selecionar o modelo explicativo mais adequado usamos 0
teste AKAIKE (AIC), dentro do ambiente R. Para o controle mecanico, estabelecemos
trés parcelas em cinco areas subdivididas em quatro sub-parcelas: i) controle, ii) corte
de rametas uma vez por ano, iii) corte de rametas duas vezes por ano e iv) arranquio de
rametas e rizomas. Para o experimento de controle quimico, plantamos 5 pedacos de
rizoma de 10 cm em aquarios de 30 cm x 30 cm x 20 cm com 5 cm de solo adubado. Os
aquarios foram mantidos em sala com 12 horas de luz e 12 horas de escuro e
temperatura controlada de 24+/-2°C. Para testar injecdo e spray de glifosato, quatro
aquarios foram controle e quatro para cada experimento. As injecdes foram aplicadas
com arma de injecdo com 10 mL do produto puro. Apés cinco meses, repetimos a
injecdo e medimos altura e diametro na altura do solo mensalmente até trés meses
depois da Gltima aplicacdo de injecdo. No tratamento com spray, repetimos a aplicacédo
dois e quatro meses depois. Para testar o extrato alcoolico de Typha domingensis, trés
aquarios foram controle, trés foram usados para cada tratamento: injecdo de extrato
aéreo em 5% e 10% de concentracdo, injecdo de extrato de rizoma em 5% e 10 % de
concentracdo. Uma vez por més medimos a altura e o didmetro na altura do solo de
todos os rametas, até trés meses depois da aplicacdo, em todos os tratamentos. Para
testar a diferenca entre altura e didmetro nos diferentes tratamentos, usamos modelo
linear misto. Todas as andlises foram feitas no ambiente R. Usamos a taxa de
mortalidade expressa em porcentagem de rametas mortos. As espécies estudadas tém
seu funcionamento diretamente relacionado com as variaveis ambientais em questao e
podem causar grandes impactos em zona riparia por causa da sua alta producdo de
biomassa e necromassa ao longo do ano, especialmente H. coronarium e P. purpureum.
Portanto, medidas de controle sdo de extremo interesse. Os experimentos de controle de
H. coronarium foram eficientes; o tratamento com injecdo de glifosato nos rizomas da
planta foi o que obteve o melhor resultado, com taxa de mortalidade de 97,3%. Deve-se



considerar a localidade onde se encontra o H. coronarium para que ndo haja mortalidade
de outras espécies quando da aplicacdo do herbicida.

Palavras-chave: biomassa, necromass, Hedychium coronarium, Urochloa decumbens,
Melinis minutiflora, Pennisetum purpureum, controle mecénico, controle quimico,
extrato de Typha domingensis.

Abstract

Biological invasions are common. Riparian zones are among those that undergo major
biological invasions. The accumulation of biomass and necromass interferes in the
dynamics of the plant community in a significant way. Considering the potential
harmfulness of invasive species, it is interesting that we think of forms of control. Our
objectives are to determine if: 1) biomass and necromass production of Hedychium
coronarium, Urochloa decumbens, Melinis minutiflora and Pennisetum purpureum are
related to climatic variables, 2) the net primary aerial production of H. coronarium, U.
decumbens, M. minutiflora and P. purpureum throughout the year, 3) to test the effect
of once and twice-yearly cutting of H. coronarium ramets on their growth 4) to test the
effect of H. coronarium rhizome cutting off once a year, 5) to test the effect on growth
of H. coronarium with injection in its rhizomes of alcoholic extract of Typha
dominguens in two concentrations (5% e 10%) and from leaves and rhizome, 6) to test
the effect on growth of H. coronarium with injections of glyphosate into its rhizomes
and 7) with spray of glyphosate on its leaves. Our hypotheses are 1) the production of
biomass and necromass will be related to climatic variables, 2) the net primary aerial
production of all species will be high in the year of study and 3) there will be effect in
the growth of H. coronarium with the application of the treatments. For one year we
collected monthly aerial biomass and necromass of the four species. To calculate net
primary aerial production, we used Smalley’s method. We tested the data for normality
using Shapiro-Wilks test. Relations among climatic variables were tested with
Spearman’s test. Variables not related to each other were tested with a mixed linear
model (GLM) in its relationship with climate. To select most adequate model of
explanation, we used AKAIKE test (AIC), within R environment. For mechanical
control we established three plots in five sites subdivided into four sub plots: i) control,
il) cutting off ramets once a year, iii) cutting off ramets twice a year and iv) pulling out
ramets and rhizomes. For the experiment of chemical control of H. coronarium planted
five pieces of 10 cm of rhizomes in aquariums of 30 cm x 30 cm x 20 cm with 5 cm of
fertilized soil. Aquariums were kept in a room with 12 hours of light and 12 hours of
dark and temperature 24+/-2°C. To test glyphosate injection and spray, we left four
aquariums for control, four for injection and four for spray. Injections were made with
10 mL of the product undiluted. Five months after the first injection, we repeated the
procedure. To test glyphosate spray, we repeated the application two months after the
first spray, and again after four months. To test Typha domingensis alcoholic extract,
three aquariums were left for control, three had its ramets injected with leaf alcoholic
extract at 5 % and 10 % concentration, three had its ramets injected with rhizome
alcoholic extract at 5 % and 10 Once a month, we numbered the ramets and measured
their diameter on soil level and the total height for all experiments. To test the
differences for height and diameter among treatments, we used linear mixed models. All
analysis was conducted within the R statistical environment. We also used mortality
rates expressed in percentage of dead ramets. The species studied have a direct
relationship with the environmental variables in question and cause great impacts on

Xi



riparian zone due to its high production of biomass and necromass throughout the year,
especially H. coronarium and P. purpureum. Therefore, control measures are of
extreme interest. The control experiments of H. coronarium were efficient, treatment
with glyphosate injection in the rhizomes of the plant was the one that obtained the best
result, with mortality rate of 97,3 %. The locality of H. coronarium should be
considered so that there is no mortality of other species when applying the herbicide.

Key words: biomass, necromass, Hedychium coronarium, Urochloa decumbens,
Melinis minutiflora, Pennisetum purpureum, mechanical control, chemical control,
Typha domingensis extract.
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1. Introducéo geral
1.1. Invasdes bioldgicas

A extensdo geografica de cada espécie € limitada por barreiras, tanto climaticas
como geoldgicas, que ndo sdo transponiveis pelos organismos de dada espécie,
estabelecendo padrdes de evolucdo diversos em cada area do mundo (Primack e
Rodrigues, 2000). A espécie humana modificou este padrdo transportando espécies pelo
globo, para que os colonizadores sentissem-se em ambiente familiar e para que
pudessem cacar; espécies da flora foram introduzidas para ornamentacéo, agricultura ou
pastagem e o transporte acidental também auxiliou na introducdo de espécies exoticas
em diversas localidades (Primack e Rodrigues 2000, Zenni e Ziller 2011).

As invasdes biologicas vém sendo relatadas ha seculos (Davis 2011). Entretanto,
apenas em 1958, com o livro The Ecology of Animal and Plant Invasions, de Charles
Elton, € que se comecou a estudar a ecologia das invasdes, supondo que comunidades
com diversidade maior apresentariam maior resisténcia as invasdes, como resultado da
menor oscilacdo no tamanho de suas populagdes.

Desde entdo, inimeras hipoteses para invasoes biologicas foram elaboradas. De
acordo com Lonsdale (1999) séo trés os fatores que influenciam nos processos de
invasdo: o numero de propagulos que chegam ao ambiente invadido (pressdo de
propagulos), as caracteristicas da espécie invasora e a suscetibilidade de invasdo do
ambiente pela espécie exdtica, denominada invasibilidade. A invasibilidade €, portanto,
uma propriedade emergente de um ambiente, sendo o resultado de inimeros fatores, tais
como o clima da regido, o regime de distrbio do ambiente e as habilidades
competitivas das espécies nativas (Fridley 2011). A invasibilidade pode ser aferida pela
presenca (ou auséncia) de herbivoros e patdégenos, mutualismos e efeitos de facilitacdo

da vegetacéo residente (Lonsdale 1999).



Neste contexto, a disponibilidade de recursos (agua, luz, nutrientes, entre outros)
é, portanto, um fator significativo para o sucesso da invasao. Davis e colaboradores
(2000) acreditam que a maioria das comunidades de plantas raramente encontra-se em
estabilidade em relag&o a disponibilidade de recursos, devido a flutuagbes periddicas na
oferta de recursos. Assim, a invasao de uma espécie depende do aumento dos recursos,
devendo coincidir com a disponibilidade de propagulos invasores. Para estes autores, 0
aumento de recursos da-se de duas maneiras: 1) diminui¢do do seu uso pela vegetacdo
nativa ou 2) o aumento de disponibilidade de recursos pode ser maior do que o aumento
do seu uso pela vegetacao nativa. Portanto, a teoria da flutuacdo de recursos disponiveis
prevé que uma comunidade de plantas é mais suscetivel a invasdo sempre que ocorre
aumento dos recursos ndo utilizados disponiveis (Davis et al. 2000).

Por outro lado, maior capacidade de utilizar recursos em periodos de escassez
também pode conferir sucesso a invasdo. Algumas hipdteses levam a considerar que as
plantas invasoras de maior sucesso sdo aquelas superiores em competicdo com plantas
nativas. Essas invasoras sdo de maior tamanho, crescem mais rapidamente e respondem
de maneira mais vigorosa as flutuacdes de recursos, ou seja, sao mais plasticas em
relacdo a flutuacdo de recursos (conforme revisado por Simberloff e Rejmanek 2011).
Portanto, comunidades com populacbes que se mantém abaixo de sua capacidade de
suporte devem ser mais suscetiveis a invasoes (Fridley 2011).

Ainda no campo da invasibilidade, a existéncia de competidores/predadores
também esta ligada ao sucesso da invasdo. A hipotese da liberagdo de inimigos
considera que plantas invasoras podem ter maior sucesso em novas regides por
capitalizar a auséncia de inimigos naturais e prevé que 1) a nova regido ndo tera
inimigos especialistas da espécie exoética, 2) inimigos especializados raramente trocarao

de alvo, de espécie nativa para espécie exotica e 3) inimigos generalistas causam maior



impacto em espécies competidoras nativas (Keane e Crawley 2002). Ainda, sabe-se que
espécies invasoras que tém relacdo filogenética maior com espécies nativas causam
menores impactos na diversidade e riqueza de espécies nas comunidades que invadem
(Strauss et al 2006).

As invasbes biologicas sdo consideradas um dos pontos significativos das
mudancas ambientais globais. Isto porque foram reportadas em quase todas as partes do
mundo, o que faz com que o fendmeno ocupe a segunda posi¢cdo nas causas de perda de
biodiversidade (Vitousek et al 1997, Simberloff e Rejmanek 2011). Entre os impactos
causados por invasdes biologicas, podem ser citados alteracbes no fluxo de energia,
alteracdes na ciclagem de nutrientes e nos atributos do solo, alteragdes no regime de
fogo, construcdo de novos habitats e exclusdo de espécies dominantes (tabela 1)
(conforme revisado por Simberloff 2011).

Tabela 1. Alguns exemplos de artigos que discutem processos ecossistémicos

impactados por plantas invasoras.

Processo impactado Situacao especifica Fonte
Mudancgas estruturais Thompson 1991
Ciclagem de nutrientes Ciclo do nitrogénio Tyler et al 2007

Ciclo do fosforo Turner et al 2008
Regime de distlrbio Incidéncia de fogo Brooks et al 2004
Exclusdo de espécies dominantes Gray et al 1997

Outros impactos causados por invasoras sdo relativos a producdo de biomassa e
necromassa de plantas dessas espécies, cujo acumulo pode interferir de maneira
significativa na dindmica de comunidades vegetais (Violle et al. 2006; Loydi et al.
2014). O acumulo de biomassa pode diminuir a oferta de luz e de agua, prejudicando o

crescimento e a reproducdo de outras espécies e aumentando a competicdo entre elas



(Suding and Goldberg 1999; Violle et al. 2006). Na Australia, o acimulo de biomassa da
invasora Andropogon gayanus atua como aporte de material combustivel (Setterfield et
al. 2013) e este aporte de material combustivel por espécies invasoras também pode
acontecer em zonas riparias em periodos de seca (Brooks et al. 2004). No que diz
respeito a necromassa, seu acumulo pode impedir a chegada de luz ao solo, atuando
como barreira para o crescimento de espécies, pode produzir substancias fitotdxicas e
pode aumentar o aporte de nutrientes no solo pela sua decomposicdo, causando o
declinio da diversidade de espécies dentro de uma comunidade (Berendse 1999; Foster e
Gross 1998).

Zonas riparias abrigam processos ecoldgicos proprios, que fornecem importantes
Servicos ecossistémicos. Suas espécies vegetais podem apresentar inumeras adaptacdes
as suas condicdes ambientais, como raizes adventicias e presenca de aerénquima
(Naiman e Décamps 1997), sua vegetacdo atua na ciclagem de nutrientes, de agua
(Schade et al. 2001) e do solo, as plantas servem de alimento para mamiferos, aves,
detritivoros e insetos, entre outros e fornecem abrigo e local para nidacdo (Richardson et
al. 2007). Ainda, influenciam o clima local, as taxas de fluxo de correntes de agua e, por
evapotranspiracdo, controlam o nivel de 4gua no solo (Richardson et al. 2007), o que
torna o estudo de invasdes em zonas riparias muito relevante. Apesar disso, as zonas
riparias tém alta frequéncia e abundancia de plantas invasoras no mundo todo
(Richardson et al. 2007), uma vez que a dispersdo de propagulos de espécies invasoras
por rios é muito eficiente (Pysek e Prach 1993). Ademais, muitos assentamentos de
pessoas estdo localizados em beiras de rios, levando a introducdo de propagulos de
espécies invasoras que podem se estabelecer nesses ecossistemas (Richardson et al.

2007).



No Brasil, muitas plantas invasoras foram trazidas com fins paisagisticos ou
como plantas para forrageio de animais. Os registros mais antigos de espécies invasoras
datam do século XVIII, relatando o uso de gramineas africanas para forrageio de
animais de corte (Pivello 2011; Zenni e Ziller 2011). Foram contabilizadas até a
presente revisdo, 117 plantas invasoras diferentes documentadas no Brasil em diferentes
ecossistemas: Cerrado, caatinga, mata atlantica, floresta ombrofila densa, floresta
tropical semi decidua sdo alguns exemplos e as zonas ripéarias também se encontram
entre os que sofrem invasdes bioldgicas importantes (Zenni e Ziller 2011). Entre as
espécies que foram trazidas para o pais como plantas ornamentais que se tornaram
invasoras, estdo a herbacea Impatiens parviflora (fig. 1), a palmeira Archontophoenix
cunninghamiana (fig. 2), inimeras espécies de Pinus (fig. 3) e de Eucalyptus (fig. 4)
para ambientes terrestres, e a macrofita Eichhornia crassipes (fig. 5) para ambientes
aquaticos (Pivello 2011). Entre as espécies invasoras de maior expressividade no Brasil,
estdo as gramineas Urochloa decumbens, Melinis minutiflora e Pennisetum pupureum,
trazidas para formacdo de pasto, e a macrofita Hedychium coronarium, que é uma das

invasoras que cobre o maior nimero de fitofisionomias no pais (Zenni e Ziller 2011),

tendo sido trazida e cultivada para fins ornamentais (Souza e Lorenzi 2005).




Figura 1: invasdo de Impatiens parviflora na Bélgica. Fonte: Manual of the alien plants
of Belgium. In: http://alienplantsbelgium.be/content/impatiens-parviflora Acessado em:

14/08/2018

Figura 2: Archontophoenix cunninghamiana. Fonte: Global invasive species database.

In: http://www.iucngisd.org/gisd/species.php?sc=1665 Acessado em: 14/08/2018




Figura 3: invasdo de Pinus sp em campo de altitude da Serra do mar. Fonte: Instituto
Horus. In: http://www.institutohorus.org.br/?modulo=pr_controle_camapua_parana

Acessado em: 14/08/2018
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Figura 4: Arvores de FEucaliptus sp. Fonte: Revista Agropecuéria. In:
http://www.revistaagropecuaria.com.br/2016/03/28/principais-plantas-daninhas-na-

cultura-do-eucalipto/ Acessado em: 14/08/2018




Figura 5: Eichhornia crassipes. Fonte: Foraging Texas. Merriwether's Guide to Edible
wild Plants of Texas and the Southwest. In:

http://www.foragingtexas.com/2008/10/water-hyacinth.ntml Acessado em: 14/08/2018

1.2. Controle

O método mais barato e efetivo de controlar invasdes biol6gicas é a prevencao
(Motooka et al 2002). Entretanto, de uma forma geral, a deteccéo de espécies invasoras
ocorre tardiamente (Hobbes e Humphries, 1995). Isso resulta do fato de que as
populacdes de espécies exoticas precisam se estabelecer no novo local, para depois
serem capazes de se expandir, isto é, aumentar o seu numero de individuos (Hobbes e
Humphries, 1995; Lockwood et al 2007) (fig. 6). Deste modo, as a¢fes de controle de
espécies invasoras sdo aplicadas quando estas se tornam conspicuas ou quando ha um
impacto notavel sobre as comunidades invadidas, dificultanto o controle e a mitigacéo

dos impactos negativos.
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Figura 6: Representacdo da expansdo populacional de uma planta invasora ao longo do
tempo. Extraido de Hobbes e Humphries, 1995.

Atualmente, o controle de plantas invasoras pode ser realizado como controle
cultural, controle mecanico, controle quimico e controle biolégico, que podem ser
utilizados em combinagdes (Dechoum e Ziller 2013, Myers e Bazely 2003; Motooka et
al 2002). O controle cultural ocorre quando praticas de manejo que modificam
agroecossistemas sao empregadas, por exemplo, uso de pisoteio de gado para reprimir o
brotamento de gramineas invasoras (Motooka et al 2002).

O controle bioloégico consiste em introduzir inimigos naturais da espécie
invasora em locais onde eles ndo ocorrem naturalmente, de modo que o agente
biolégico faca o controle da espécie (Kremer 2005). Um potencial problema da
introducdo de novas espécies para controle de invasoras é o fato de que aquelas também

podem se tornar invasoras, o0 que faz do uso do controle biolégico uma questdo ética



(Warner 2016). Mesmo assim, o controle biol6gico é potencialmente benéfico (Myers e
Bazely 2003), tendo sido muito utilizado no Havai, desde o inicio do século XX com
algum sucesso (Motooka et al 2002). Vem sendo também considerado como ferramenta
atil na Nova Zelandia, diminuindo gastos financeiros causados por invasdes biologicas
(Hayes 2012) e apresentando alto grau de seguranca em relagdo a novas invasdes
causadas por agentes introduzidos para controle de ervas daninhas (Hayes et al 2013).

O controle mecénico pode ser classificado como especifico ou ndo especifico.
No controle ndo especifico, um fator do nivel ecossistémico € manipulado para que a
espécie alvo diminua em frequéncia (tais como queimadas, inundagdes e rocadas
generalizadas). No controle especifico, por outro lado, apenas a espécie alvo ¢ afetada e
este método pode ser realizado arrancando-se ou cortando-se a planta; a técnica deve ser
escolhida de acordo com a ecologia da espécie em questdo. Tratam-se de técnicas com
alto custo e grande trabalho manual (Clewley et al 2012), o que faz com que sejam
indicadas quando a invasdo for restrita a pequenas areas, afastando o risco de causar
danos para espécies nao alvo, no caso de técnica ndo especifica (Myers e Bazely 2003;
Motooka et al 2002).

O controle quimico é realizado atraves da aplicacdo de herbicidas sintéticos, que
apresentam diversos mecanismos de funcionamento. Os herbicidas podem ser aplicados
por spray aéreo, spray manual ou injecdo (Myers e Bazely 2003). A aplicacdo desses
compostos requer cautela, devendo ser considerados a proximidade de plantas ndao alvo
sensiveis, 0 tamanho da goticula na aplicacdo em spray, direcdo do vento, a altura de
aplicacdo, a volatilidade do herbicida, e altura da planta alvo (Motooka et al 2002),
assim como a possibilidade da planta exudar o herbicida pelas suas raizes (Tuffi Santos
et al 2005, Kohls et al 2006). Além disso, como o uso dos herbicidas é regulado pelos

paises, é necessaria a consulta de 6rgéos reguladores antes da sua utilizag&o.
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Herbicidas a base de glifosato estdo entre os mais utilizados para o controle de
herbaceas (Dechoum e Ziller 2013). O glifosato € uma substancia soltivel em agua, de
calda pronta altamente corrosiva (Amarante-Junior et al 2002) que apresenta toxicidade
aguda e cronica considerada baixa para mamiferos (Amarante-Junior et al 2002;
Benbrook 2016). E ndo-seletivo, sistémico, tende a ser inativo em contato com o solo,
sendo adsorvido e, portanto, ndo lixiviado, mas quando em contato com a agua €
adsorvido pelos sedimentos, que o carregam; seu uso constante tem resultado em
plantas resistentes e em maior niamero de aplicacdes (Amarante-Junior et al 2002). Por
ser nao-seletivo, seu uso tornou-se extenso em lavouras apenas depois do
desenvolvimento de sementes geneticamente modificadas para resistir as suas
aplicacbes. Com a ampliacdo do uso, cresceu também a chance de risco para
ecossistemas e para a saude humana de tal forma que a Agéncia Internacional para
Pesquisa sobre Cancer o considerou como “provavelmente carcinogénico para
humanos” em 2015 (Benbrook 2016). No Brasil, onde a plantagdo de sementes
modificadas para resistir a aplicacdo de glifosato € extensa, seu uso é amplo e nao
existem limites considerados maximos para sua ingestdo (Amarante-Junior et al 2002).
Ainda assim, sua comercializacdo e utilizacdo foi proibida em agosto de 2018 a pedido
do Ministério Pablico Federal até que seja feita sua reavaliacdo toxicoldgica pela
Agéncia Nacional de Vigilancia Sanitaria (ANVISA), com prazo final até 12 de
dezembro do mesmo ano’. Uma alternativa ao uso de herbicidas sintéticos seria a
utilizacdo de herbicidas feitos a partir de compostos naturais extraidos de plantas, o que
ja acontece, porém, em pequena escala (Dayan el at 2009, Cantrell et al 2012). Um

anico herbicida baseado em composto natural extraido de planta foi registrado nos

! Noticia veiculada em inimeros meios de comunicagdo, inclusive em https://istoe.com.br/juiza-do-df-
ordena-suspensao-de-comercializacao-e-registro-de-glifosato/ Acesso em 09/08/2018.
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Estados Unidos entre os anos de 1997 e 2010, foi a tricetona (apresentada sob diferentes

nomes comerciais) (Cantrell et al 2012).

1.3. Espécies estudadas
1.3.1. Hedychium coronarium Konig (Zingiberaceae)

Hedychium coronarium (lirio-do-brejo) é originario da regido do Himalaia, na
Asia, encontrada naturalmente no Nepal, india leste da China até a Indochina, onde
ocorre em matas tropicais e subtropicais de até 1.900 m de altitude (Manish, 2013),
ocorrendo também naturalmente em Madagascar (Joly e Brandle, 1995). A espécie é
considerada criticamente ameacada de extingdo em seu local de origem, devido a
destruicdo de habitat, utilizagdo massiva em medicina tradicional, sobrepasto e
restricbes de ocorréncia na Asia a areas com caracteristicas ecoldgicas particulares
(Manish, 2013). Atualmente esta presente na regido neotropical e ocorre como invasora,
junto de outras espécies do mesmo género, no Havai (Funk, 2001; Motooka et al 2003),
Australia e Nova Zelandia (Williams et al. 2003). Foi introduzida no Brasil ha mais de
300 anos pelos portugueses (Joly e Brandle 1995), sendo, por isso, amplamente
distribuida em nossas planicies litoraneas. Entretanto, a espécie nao se restringe apenas
a regido costeira do Brasil, tendo sido encontrada a 3.000 km do litoral no pais (Soares e
Barreto, 2008). Atualmente, a espécie pode ser encontrada em quase todos os estados

brasileiros (Maas e Maas 2015) (fig. 7).
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Figura 7: Estados onde foi registrada a presenca de Hedychium coronarium no Brasil.
Os que ndo estdo em branco tém confirmada a presenca da espécie. As cores indicam
diferentes regides: Norte (verde), Centro-oeste (amarelo), Nordeste (rosa claro), Sudeste
(rosa), Sul (azul). Extraido de Maas e Maas (2015), disponivel em
http://servicos.jbrj.gov.br/flora/search/Hedychium_coronarium, acessado em 12 de
agosto de 2018.

Plantas do género Hedychium sdo amplamente utilizadas como ornamentais em
razdo de suas flores admiraveis e perfumadas, sendo também muito utilizadas para fins
medicinais e industriais (Sakhanokho e Rajasekaran, 2010). o que também pode ter
contribuido para sua dispersdo além das suas areas de ocorréncia originais.

H. coronarium é uma planta perene, herbacea e que se propaga principalmente

por rizomas (Lorenzi, 2000). As partes aéreas da planta duram aproximadamente 11
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meses (Santos et al., 2005) atingem, em média, 2 m de altura, nunca ficando totalmente
submersas durante periodos de cheia (Joly e Brandle, 1995), crescem mais durante
periodos de alta temperatura (Santos et al., 2005), em areas de sombreamento médio
(Joly e Brandle, 1995; Santos et al., 2005; Manish, 2013) e com grande disponibilidade
de umidade (Santos et al., 2005) e hamus (Joly e Brandle, 1995). Apresenta rizomas
(fig. 8) simpodiais horizontais que se espalham pela superficie do solo e possuem
inimeros grdos de amido (Joly e Brandle, 1995).

Em relacéo a fenologia de H. coronarium, podemos dizer que a sua floragdo se
estende de janeiro a margo, tendo seu pico em fevereiro no Brasil; a altura minima de
individuos portando inflorescéncia é de 102 cm e a maxima, de 240 cm (Santos et al.,
2005 Souza e Correa 2007). Sua frutificacdo ocorre com maior eficiéncia em areas de
sombreamento alto (60 a 80% de sombreamento), entre 0os meses de novembro e julho,
com pico no més de junho (Santos et al., 2005).

Suas folhas apresentam formato eliptico, sésseis e disticas, com apice agudo,
dispostas de maneira alternada com sobreposicdo das bainhas bem desenvolvidas; a
nervacdo € peninérvea e a superficie abaxial da epiderme foliar ¢ mais clara e
pubescente do que a superficie adaxial; sdo megafilas com diferentes orientacGes
(Boeger et al, 2007). As flores (fig. 8) formam inflorescéncias terminais com botbes
formando cones, sdo brancas, produzem néctar e perfume, sdo hermafroditas e sua
antese € norturna; a polinizacdo ocorre por abelhas, formigas, moscas, coledpteros,
dermapteros e beija-flores (Souza e Correia 2007). Os frutos (fig. 8) da espécie sdo do
tipo baga deiscente, verdes quando imaturos e alaranjados quando maduros, 0 que
acontece depois de dois meses de desenvolvimento. As sementes apresentam cor
avermelhada e sdo ovaladas, possuem mucilagem envoltéria e sua disperséo é feita por

insetos e outros animais (Souza e Correia 2007).
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A ecologia de H. coronarium é pouco estudada (Manish, 2013, Chiba et al
2016), entretanto, o conhecimento que se tem até 0 momento indica que as invasfes por
esta espécie constituem um risco para 0s ecossistemas naturais. E uma espécie de
crescimento agressivo (Joly e Brandle, 1995; Soares e Barreto, 2008), dificultando a
regeneracdo de matas de galerias onde invade, ja que as sementes de espécies nativas
ndo tém potencial de competir com sua propagacéao por rizoma (Joly e Brandle, 1995) e
seu crescimento rapido sombreia e impede o estabelecimento e desenvolvimento de

plantas de crescimento mais lento (Motooka et al., 2003). Além disso, o Unico género da

familia Zingiberaceae nativo no Brasil é Renealmia L. f., que tem sua distribuicdo

restrita a Bacia Amazonica (Souza e Lorenzi, 2005).

Figura 8: a) flor de Hedychium coronarium, b) fruto de Hedychium coronarium e c)
rizoma de Hedychium coronarium. Fonte: Julia Ramos Estévdo (a, b) e Amanda

Pinheiro (c).

1.3.2. Urochloa decumbens Stapf. (Poaceae)
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Urochloa decumbens, de nome popular braquiaria (fig. 9), € uma graminea
invasora originaria do continente africano, que foi introduzida no Brasil na década de
1950 para formacédo de pastos utilizados pela pecuéria, por ser boa para cria e engorda
de animais, ter resisténcia alta ao pisoteio, apresentar de 7 a 9 % de proteina bruta em
matéria seca e produzir até 45 toneladas de massa ver por hectare por ano (Crispim e
Branco, 2002). E uma planta perene, de porte baixo (1,0 m de altura méaxima), que
cresce em touceiras, a largura do seu ramo é de 2 a 4 mm, a disposicao das espiguetas
de suas inflorescéncias é em fileira dupla (Figueiras et al 2012). E de coloracio em geral

verde escuro, rizomatosa, que se propaga por sementes ou por rizomas (Lorenzi 2000).

Figura 9: Urochloa decumbens em area de Cerrado sensu stricto. Fonte: Julia Ramos
Estévéo.

Apresenta crescimento rapido, minimiza processos erosivos e é capaz de tolerar
toxicidade, o que fez com que fosse plantada, por exemplo, em areas de mineragdo na

regido do Amazonas (Ferreira et al 2016). Consegue recuperar a producdo de biomassa
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depois de estresse hidrico, se houver alteracdo (Mattos et al. 2005). Além disso, se
adapta bem a solos com baixa fertilidade e de alta acidez (da Silva et al 2010).

A fenologia da espécie varia de acordo com a vegetacdo onde se encontra: sua
floracdo no Brasil ja foi registrada entre fevereiro - maio e outubro - dezembro e
frutificacdo entre janeiro -agosto e novembro - dezembro em &rea de cerrado
reflorestado, enquanto em cerrado queimado, sua floracdo foi observada entre janeiro a
abril, junho, novembro e dezembro e sua frutificacdo entre janeiro e junho e em
dezembro (Florencio et al 2009).

U. decumbens é a espécie invasora com o0 maior numero de ocorréncias relatadas
no Brasil, onde foi registrada em vérias fitofisionomias, tais como floresta semi decidua
tropical e subtropical, floresta tropical ombrofila e estepe (Zenni e Ziller 2011), esta
presente em 21 estados brasileiros (Maas e Maas 2015) (fig. 10). Sua presenca no
cerrado € tdo conspicua que se acredita que ocorra em todos os fragmentos deste
ecossistema (Barbosa et al 2008). Seu potencial alelopatico tem sido apontado como

uma das causas de seu sucesso como invasora (Barbosa et al 2008).
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Figura 10: Estados onde foi registrada a presenca de Urochloa decumbens no Brasil. Os
que ndo estdo em branco tém confirmada a presenca da espécie. As cores indicam
diferentes regides: Norte (verde), Centro-oeste (amarelo), Nordeste (rosa claro), Sudeste
(rosa), Sul (azul). Extraido de Maas e Maas (2015), disponivel em
http://servicos.jbrj.gov.br/flora/search/Urochloa_decumbens, acessado em 12 de agosto

de 2018.

1.3.3. Melinis minutiflora P. Beauv. (Poaceae)

A graminea invasora Melinis minutiflora (capim-gordura) (fig. 11) é nativa da
Africa e foi introduzida no continente americano como estofamento de colchdes usados
por escravos (Bor 1960 apud Aires 2009). E utilizada como graminea de pastoreio por
apresentar em sua matéria seca 9% de proteina bruta e rapido crescimento (Lorenzi

2000). Trata-se de uma herbacea perene ereta, que forma touceiras, cujos colmos com
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nés pilosos e avermelhados atingem de 40-80 cm de altura e sua reproducdo se da

apenas por sementes (Lorenzi 2000).

Figura 11: Melinis minutiflora. Fonte: Julia Ramos Estévéo.

Sua fenologia foi registrada no Brasil em area de cerrado queimado e exibiu
floracdo em maio e junho e entre outubro e dezembro e sua frutificagdo foi registrada
em janeiro, junho a agosto e outubro a dezembro (Florencio et al 2009). M. minutiflora
foi uma das primeiras espécies invasoras registradas no pais, tendo seu primeiro registro
no século XVIII e ainda ocorre em muitas fitofisionomias, tais como estepe, floresta
tropical e subtropical semi decidua, floresta ombrdfila tropical e cerrado (Zenni e Ziller

2011) e na maioria dos estados do Brasil (Maas e Mass 2015) (fig. 12).
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Figura 12. Estados onde foi registrada a presenca de de Melinis minutiflora no Brasil.
Os que nao estdo em branco tém confirmada a presenca da espécie. As cores indicam
diferentes regides: Norte (verde), Centro-oeste (amarelo), Nordeste (rosa claro), Sudeste
(rosa), Sul (azul). Extraido de Maas e Maas (2015), disponivel em
http://servicos.jbrj.gov.br/flora/search/Melinis_minutiflora, acessado em 12 de agosto
de 2018.

Suas touceiras densas podem excluir espécies herbaceas (Pivello et al 1999a,
Pivello et al 1999b) e dificultar o estabelecimento de espécies lenhosas (Hoffmann e
Haridasan 2008), ocasionando diminuicdo da diversidade e da riqueza de espécies nas
areas invadidas (Williams e Baruch 2000). Ainda, a presenca de M. minutiflora ja foi
associada a diminuicdo de regeneracdo de areas degradadas (Martins et al. 2011),
diminuicdo de recrutamento de espécies arboreas (Hoffmann e Haridasan 2008) e
diminuicdo de germinacdo de sementes e emergéncia de plantulas pela producdo de

aleloquimicos (Prates et al. 1998).
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1.3.4. Pennisetum purpureum Schumach. (Poaceae)

A graminea Pennisetum purpureum (capim-elefante ou napier) (fig. 13) também
é originaria da Africa e foi introduzida no Brasil em 1920. Trata-se de uma espécie
perene, que atinge de 3 a 5 m de altura, apresentando colmos eretos que se dispdem em
touceiras, sdo preenchidos por parénquima suculento de até 2 cm de diametro
(Nascimento Junior 1981, Alcantara e Bufarah 1983e Deresz 1999). E rizomatosa e
propaga-se tanto por sementes como por raizes (Lorenzi 2000).

Foi introduzida no Brasil para fins de forrageio e chaga a produzir 400 toneladas
de massa verde por hectare em um ano (Lorenzi 2000). Sua ocorréncia no pais ja foi
registrada em estepe, savana, floresta ombrofila densa tropical e subtropical e campo
(Zenni e Ziller 2011) e o clima brasileiro é considerado como muito favoravel para a

sobrevivéncia de P. purpureum (Barney e DiTomaso 2011).

Figura 13: Area de coleta de Pennisetum purpureum e individuo da espécie. Fontes:
Julia Ramos Estévao e Amanda Pinheiro, respectivamente.
Sua floracdo foi registrada nas Filipinas entre setembro e dezembro (meses de

chuva) (Javier 1970) e duas espécies do mesmo género, P. villosum e P. clandestina,
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tiveram sua floragdo registrada entre maio e novembro (meses de calor) na Grécia
(Damanakis e Yannitsaros 1986).

P. purpureum produz substancias alelopéticas capazes de inibir germinacdo de
sementes e crescimento de radicula e de plantula (Norhafizah 2012; Zain et al. 2013;
Ismail et al. 2015) e extratos de seus compostos fitotdxicos ja foram testados para
controle da espécie Leptochloa chinensis, que causa danos em plantacGes de arroz

aerobico na Asia, apresentando resultados positivos (Chuah et al. 2014).

1.3.5. Typha domingensis Pers. (Typhaceae)

Typha domingensis, de nome popular taboa (fig. 14), € uma herbacea rizomatosa
aquatica, que ocorre em quase todos os estados brasileiros (Maas e Maas, 2015) (fig.
15). E uma planta nativa da América do Sul que apresenta distribuicdo cosmopolita
(Boeger et al, 2007), que cresce de forma espontanea em areas alagadas, podendo
atingir até 4 m de altura, suas folhas sdo em forma de laminas lineares com até 1,5 cm
de largura (Boeger et al, 2007). Suas flores se apresentam reunidas em espiga e

aparecem o ano todo, seu fruto mede de 1-15 mm (Carvalho et al 2014).
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Figura 14: Typha domingensis na sua area de coleta e individuo. Fontes: Julia Ramos

Estévao e Amanda Pinheiro, respectivamente.

23



Figura 15: Estados onde foi registrada a presenca de Typha domingensis no Brasil. Os
que ndo estdo em branco tém confirmada a presenca da espécie. As cores indicam
diferentes regides: Norte (verde), Centro-oeste (amarelo), Nordeste (rosa claro), Sudeste
(rosa), Sul (azul). Extraido de Maas e Maas (2015), disponivel em
http://servicos.jbrj.gov.br/flora/search/Typha_domingensis, acessado em 12 de agosto
de 2018.

A espécie se reproduz tanto por sementes como por propagacado vegetativa, e sua
ocorréncia estad relacionada a corpos hidricos com alta disponibilidade de nutrientes
(Miao e Sklar, 1998), tendo sido registrada no Brasil em campo rupestre, cerrado,
reestinga, caatinga e floresta atlantica (Carvalho et al 2014).

O potencial alelopatico de T. domingensis é conhecido, sabe-se que a espécie
produz componentes fendlicos, tais como &cido linoleico, é&cido a-linoleico,

saliciladeido e 2-clorofenol (Gallardo et al 1999, Hu & Hong 2008) e seus extratos ja
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foram relacionados com a inibicdo de producdo de oxigénio pela macrofita aquatica
Salvinia minima, assim como seus lixiviados (Gallardo et al 1999).

Suas folhas s&o utilizadas para confeccdo de esteiras e assentos de cadeira, e
tanto palmito, como rizoma e poélen podem ser utilizados na alimentacdo humana
(Kinupp e Lorenzi, 2014). Seu pdlen ¢ utilizado como fonte de alimento na Argentina e
sua producdo pode variar de 136 kg a 4000 kg.ha™ por ano (Arenas e Scarpa 2003). O
po6 de folhas de Typha domingensis mostrou-se um eficiente adsorvente para remocao
de residuos de aluminio, ferro e zinco em éagua (Abdel-Ghani et al 2009), e 0 uso da
propria planta em agua contaminada com esses residuos mostrou-se eficiente na

absorcdo radicular dos referidos metais (Hegazy et al 2011).

2. Objetivos e hipoteses

Nossos objetivos foram, no capitulo 1, determinar se:

1) a producdo de biomassa (incluindo a de rizoma) e necromassa de H.
coronarium estdo relacionadas com as variaveis climaticas: nimero de dias de chuva,
pluviosidade mensal, temperaturas minima e maxima mensal e umidade relativa do ar
média mensal nos trés meses que antecedem a quantificacdo da biomassa, rizoma e
necromassa,

2) a producdo aérea primaria liquida de H. coronarium ao longo do ano,

3) a producdo de biomassa e necromassa de U. decumbens, M. minutiflora e P.
purpureum estdo relacionadas com as variaveis climaticas: nimero de dias de chuva,
pluviosidade mensal, temperaturas minima e maxima mensal e umidade relativa do ar
média mensal nos trés meses que antecedem a producdo de biomassa, rizoma e

necromassa,
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b)

4) producdo aérea primaria liquida de U. decumbens, M. minutiflora e P.
purpureum ao longo do ano.

Nossas hipdteses foram 1) a producgdo de biomassa e de necromassa de todas as
espécies serd abundante ao longo de todo o ano, estando relacionadas as variaveis
climaticas, uma vez que sao espécies altamente produtivas e bem adaptadas ao ambiente
onde ocorrem como invasoras, 2) a producdo aérea primaria liquida de todas as espécies
sera alta no ano de estudo, uma vez que todas as espécies sdo invasoras altamente
produtivas.

No capitulo 2, nossos objetivos foram responder as seguintes perguntas:
Diferentes tratamentos mecénicos tém algum efeito no crescimento e rebrotamento de
H. coronarium?

Diferentes tratamentos quimicos com herbicida sintético tém algum efeito no
crescimento e rebrotamento de H. coronarium? E

Diferentes tratamentos quimicos com extrato alcoolico de componentes fendlicos de
Typha domingensis tém algum efeito no crescimento e rebrotamento de H. coronarium?

Para tal, testamos :1) os efeitos na altura, no didmetro na altura do solo e na taxa
de mortalidade de se cortar uma vez ao ano os rametas de H. coronarium; 2) os efeitos
na altura, no didmetro na altura do solo e na taxa de mortalidade de se cortar duas vezes
ao ano os rametas de H. coronarium; 3) os efeitos na altura, no didmetro na altura do
solo e na taxa de mortalidade de se cortar os rametas e se arrancar 0S rizomas uma vez
ao ano de H. coronarium; 4) os efeitos na altura, no didmetro na altura do solo e na taxa
de mortalidade de injecbes do herbicida glifosato em rizomas de H. coronarium; 5) os
efeitos na altura, no didmetro na altura do solo e na taxa de mortalidade de spray do
herbicida glifosato em folhas de H. coronarium e 6) os efeitos na altura, no diametro na

altura do solo e na taxa de mortalidade de injecGes de extrato alcodlico de componentes
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fendlicos de folhas e do rizoma de T. domingensis em duas concentragdes distintas cada
(5% e 10%) em rizomas de H. coronarium.
Nossa hipétese foi a de que os tratamentos testados teriam efeito no crescimento,

na producgéo de rametas e na sobrevivéncia de H. coronarium.

3. Area de Estudo

A érea de estudo esta situada no municipio de Séo Carlos (22° 01' 03" S e 47° 53'
27" W), no estado de Sdo Paulo. O solo da regido é predominantemente latossolo
vermelho-amarelo e latossolo roxo (Perez Junior 1997). O clima local é uma transigcéo
entre Cwai-Awi (segunda a classificagdo de Koppen), ou seja, subtropical umido
(apresenta verdo quente e umido, de outubro a margo e inverno frio e seco, de abril a
setembro); a meédia de precipitacdo ao longo do ano é de 1440 mm e ocorre
principalmente nos meses mais quentes, a umidade relativa do ar média ao longo do ano
é de 75,6%, a temperatura média compensada ao longo do ano € de 26,8°C e a média
das temperaturas minimas € de 15,6°C (Tolentino 1967). A bacia hidrografica na qual se
encontra 0 municipio é a do rio Monjolinho, um dos afluentes do rio Jacaré-Guacu, que
desemboca no rio Tieté (Lima 2003).

Para 0s experimentos de biomassa, necromass e producdo primaria aérea liquida,
as areas de coleta de dados foram lago Fazzari (21°58°17.4” S e 47°53°17.7” O) do lado
de uma area de Cerrado dentro do campus da Universidade Federal de Sao Carlos (para
todas as espécies), lago Monjlinho (21°59°07.2” S e 47°52°54.1” O), também dentro do
mesmo campus, mas dentro da area urbana, (para Urochloa decumbens e Pennisetum
purpureum), no lado externo do rio Monjolinho na frente do Horto Florestal
(21°59°13.2 S e 47°52°21.3” O) (para Hedychium coronarium) e na regido chamada de

“Y”, também dentro do mesmo campus (para Melinis minutiflora).
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No experimento de controle mecénico, as parcelas foram montadas em cinco
areas diferentes: lago Fazzari (fig. 16), lago Monjlinho (fig. 17), Horto Florestal (fig.
18), Sitio Paraiso (fig. 19) (21°58°48.2” S e 47°55°18.2” 0), proximo a Rodovia
Washington Luis Km 240, sentido Araraquara e Bosque Cambuci (fig. 20) (21°59°31.9”
S e 47°54°13.8” O), dentro do perimetro urbano da cidade (fig. 21). A coleta dos
individuos de Typha domingensis para fazer os extratos do experimento de controle

quimico foi feita dentro do municipio de S&o Carlos, na Estrada Municipal Jodo Ponce

da Costa (21°59°92°” S e 47°50°26.05” O).

Figura 16: Area de coleta lago Fazzari. Fonte: Amanda Pinheiro.
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Figura 18: Area de coleta Horto Florestal. Fonte: Amanda Pinheiro.
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Figura 20: Area de coleta Bosque Cambuci. Fonte: Amanda Pinheiro.
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Capitulo 1: Biomass and necromass
variation of invasive species In
Neotropical riparian zone
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Abstract: Riparian zones have fundamental functions to maintenance of species and are
among ecosystems that suffer large biological invasions. Our objective was to evaluate
net primary aerial production and necromass production of Hedychium coronarium,
Urochloa decumbens, Melinis minutiflora, and Pennisetum purpureum and their relation
to environmental variables minimum and maximum temperature, number of days with
rain, rainfall and relative humidity of the air. We collected 10 plots of 0.5 X 0.5 m
monthly during one year the biomass and the necromass of each species. We calculated
the production using the method proposed by Smalley (1958) and used R environment
to test the data normality (Shapiro-Wilk), their relation to the variables (Spearman) and
to select the most explicative model (AIC). All species had some degree of relation
among variables and biomass or necromass production. All studied species present
environment impacts through production of allelopathic compounds, broad capacity of
adaptation to riparian zones and high production of biomass and necromass. Among
them, Hedychium coronarium and Pennisetum purpureum stand out for high necromass
production.
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1. Introduction

Biological invasions are so common they are reported everywhere in the world,
since continental areas to islands, in the tropics and temperate regions. Vitousek et al
(1997) have suggested they are one of the significant points of global environmental
changes, and they are considered the second cause of biodiversity loss (Vitousek et al.
1997, Simberloff & Rejmanek 2011). Some of the ecosystem impacts known to be
caused by invasive species are alteration on nutrients cycling and soil attributes
(nitrogen is the most studied one, though phosphorous and salinity also have been
studied); fire regime alteration, both for frequency increase and extent or intensity of
fires; structural physical changes that affect large portion of species that inhabit there,
either by changing their energy flow or nutrient cycling, or by constructing new habitat

and excluding dominant species (as reviewed by por Simberloff 2011).

In Brazil, one of the oldest records of invasive species occurrence is from the
XVIII century and it is about African grasses, riparian zones are among ecosystems that
suffer important biological invasions (Zenni and Ziller 2011). Riparian zones influence
local climate, flow rate of water stream and water levels at soil by evapotranspiration
(Richardson et al. 2007). Besides, the vegetation can act directly and indirectly in
nutrient cycling (such as nitrogen), water cycling (Schade et al. 2001) and soil cycling,
depending on available species necromass production rate; its plants can be used as food
for herbivores, detritivores insects, birds and mammals, as well as providing place for
nesting and shelter (Richardson et al. 2007). Thus, riparian zones present fundamental

functions to species maintenance.

Biomass and necromass accumulation interfere on vegetal community dynamics

significantly (Violle et al. 2006; Loydi et al. 2014). Biomass accumulation can act as
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supply of combustible material, as seen with Andropogon gayanus in Australia
(Setterfield et al. 2013), including in riparian zones during drought (Brooks et al. 2004)
and to make higher competition for resources among individuals, decreasing light and
water availability and disturbing its growth and reproduction (Suding and Goldberg
1999; Violle et al. 2006). Necromass accumulation can be a barrier to species
establishment, preventing light from reaching places or producing phytotoxic
substances. Therewithal, soil nutrient supply through necromass decomposition can
cause species diversity declination in communities (Berendse 1999; Foster and Gross

1998).

Invasive plants in riparian zones have been more frequent both in abundance as
in diversity around the globe (Richardson et al. 2007). This is due to the fact that these
ecosystems are susceptible to plant invasions because of its hydrological dynamics,
propagule dispersion through rivers can be very effective (Pysek and Prach 1993).
Beyond that, riparian zones are ecosystems with systematic anthropic disturbances,
because many people settlements are very close to rivers, so that propagule introduction
of invasive species is facilitated in riparian zones (Richardson et al. 2007). Nowadays,
among the most expressive invasive species we find the macrophyte Hedychium
coronarium J Kdenig and the grasses Urochloa decumbens Stapf, Melinis minutiflora P.
Beauv. and Pennisetum pupureum Schumach, which are also invasive in Brazil (Zenni
and Ziller 2011). H. coronarium is cultivated in Brazil as ornamental (Souza e Lorenzi
2005) and it is the invasive species in the country that occurs in the highest number of
phytophysiognomies, U. decumbens is the invasive plant with the highest number of
records in Brazil, M. minutiflora is present in many phytophysiognomies in the country,

such as P. purpureum (Zenni and Ziller 2011).
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Our objective was to determine if 1) biomass (added to the rhizome production
for H. coronarium) and necromass production of H. coronarium, U. decumbens, M.
minutiflora and P. purpureum are related to climatic variables i) minimum and
maximum temperature, ii) number of days with rain, iii) average rainfall, iv) average
relative humidity in the previous three months affects the biomass and necromass
production; 2) the net primary aerial production of H. coronarium, U. decumbens, M.

minutiflora and P. purpureum during the year.

Our hypothesis were 1) biomass and necromass production of all studied species
will be abundant during the whole year, having a relation with climatic variables, since
the species are highly productive and well adapted to the environment where they occur
as invasive and 2) net primary aerial production of all studied species will be high, since

the species are highly productive invasive ones.

2. Material and methods

2.1. Studied species:

Hedychium coronarium J Koenig (Zingiberaceae) is native from Himalaya,
Nepal, India and east of China, where it occurs in tropical and subtropical areas with up
to 1900 m of altitude (Manish 2013). The species presents both sexual (by seeds
production) and asexual reproduction (by reproduction of aerial thicket from rhizome).
Rhizome fragments disperse itself through water, being able to spread across
watersheds and have vegetative grow in areas previously free of its presence (Tunison
1991). It is a widely distributed plant in Brazilian coastal plains, being already found up

to 3000 km of the coast in the country (Soares and Barreto 2008).
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Urochloa decumbens Stapf (Poaceae) is a grass from the African continent that
was introduced in Brazil in the 1950 decade for pasture formation used by livestock, it

has up to 1 m of height and it is perennial (Crispim and Branco 2002).

The invasive grass Melinis minutiflora P. Beauv is native from the African
continent and, nowadays, it is used for pasture formation (Aires 2009). It is a plant with
high productivity C4 photosynthetic metabolism that spreads through rhizomes (Pivello

et al. 1999a).

Pennisetum purpureum Schumach is also from the African continent and it was
introduced in Brazil in the 1920 (Lorenzi 2000). It is a perennial species that can reach
up to 5 m of height, with erect culms that are arranged in tussocks, filled with succulent
parenchyma of up to 2 cm (Paciullo et al. 2008). Its propagation can be both by seeds
and rhizomes. The species infests canal banks, vacant lots, roadside, annual or perennial

crops (Lorenzy 2000).

2.2. Study area:

The study area is in Sdo Carlos municipality, in Sdo Paulo state, Brazil, in
coordinates latitude: 22° 01' 03" S and longitude: 47° 53' 27" W and all studied sites can
be characterized as riparian zone. Local climate is, according to Képpen’s classification,
a transition between Cwai-Awi, characterized by hot and humid summer (months of
October to March) and dry cold and dry winter (months of April to September), that is,
subtropical humid; annual rainfall average is 1440 mm and occurs mostly in the hottest
months, average relative air humidity during the year is 75,6%, average temperature
during the year is 26,8°C and the average of minimum temperature during the year is
15,6°C (Tolentino 1967). Data collection sites are inside Federal University of Séo

Carlos campus and they are: Mayaca lake (all species), Fazary lake (Urochloa
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decumbens and Pennisetum purpureum), outside margin of Forest Horto of Sdo Carlos

(Hedychium coronarium) and the region called “Y” (for Melinis minutiflora) (fig. 1).

2.3. Data collection method:

From April of 2016 to March of 2017 we collected monthly aerial biomass and
necromass of H. coronarium, U. decumbens, M. minutiflora e P. purpureum in five
plots of 0,5 m X 0,5 m 10 m apart from each other, in two different sites and distancing
3 m from the water for H. coronarium, 40 m for U. decumbens, M. minutiflora e P.
purpureum, according to the presence of the species in riparian zones. We did not do
resampling of plots. For H. coronarium, we also collected the rhizome in each plot. We
considered as biomass all green material of the species collected inside the plot and, as
necromass, all dead material of the species collected inside the plot. The material
collected was dried in an oven at 60° C until constant weight. Data referring to climatic
variable were collected from Sao Carlos weather station (Brasil 2018, CEPTEC/INPE

2018).

2.4. Data analysis

2.4.1. Net Primary Aerial Production

To calculate net primary aerial production (NPAP) we used Smalley’s (1958)
method, as recommended by Gaona et al. (1996), that is, the differences between
temporal samples were added using biomass (B) and necromass (N) and the following

rules:

1) If B and N increased, NPAP = B+N;
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2) If B and N decreased, NPAP = 0;

3) If B increases, but N decreases, NPAP =B and

4) If N increases while B decreases, we calculate the value we called T using the
formula T=B+N and if T is smaller or equal to zero, NPAP =0 or if T > 0, NPAP =T,

For H. coronarium, the rhizome production was added to B.

2.4.2. Biomass and necromass relation to minimum and maximum temperature, number

of days with rain, average rainfall and air average relative humidity

Minimum temperature of data collection month was named Tming, minimum
temperature the month before of data collection was named Tmin;, it was named Tmin,
for two months before, Tmins for three months before and Tmin, for months before. We
used the same logic to name data regarding maximum temperature (Tmaxo, Tmaxi,
Tmax,, Tmaxs and Tmaxy), the number of days with rain (Co, Cy, C,, C3 € Cy), the
average rainfall (Po, P1, P2, P3 e P4) and average air relative humidity of the months (Uo,

Uz, Uz, Us e Uy).

We tested the data for normality using Shapiro-Wilks test. After that, the
relations among climatic variables were tested with Spearman’s test. Variables not
related to each other were tested with a mixed linear model (GLM) in its relation with
minimum and maximum monthly temperature (CEPTEC/INPE 2018) at the region,
number of days with rain (Brasil 2017), average rainfall of the month (Brasil 2017) and
air average relative humidity (Brasil 2018) for months we collected the data, one month
before, two months before, three months before and four months before. To select most
adequate model of explanation, we established area as random variable and used
AKAIKE test (AIC), with glmer function. When we found significant relation among

variables in Spearman’s test, we did not test them together in AIC. For such, we used
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the packages car (Fox e Weisberg 2011), MASS (Venables and Ripley 2002), Ime4
(Bates et al. 2015), Matrix (Bates e Maechler 2017), bblme (Bolker and R development
Core Team 2017) and stats4 (R Core Team 2017) within R environment (1.0.143) (R

Development Core Team 2018). Figures were plotted on Excel.

3. Results

Minimum temperature in the region was 12°C (in July/2016) and maximum
temperature was 32°C (in December/2015), and the highest temperatures were
registered during summer, as expected. The number of days with rain varied from one
(June/2016) up to 26 (December/2015), rainfall varied from 2.5 mm (July/2016) up to
466.4 mm (January/2016), with the highest occurrence for both latter variables
coinciding with summer, which was also expected. Average air relative humidity varied

from 62% (October/2016) up to 85% (March/2016) (table. 1).

For Hedychium coronarium, the best model to describe biomass production
explained 53% of the results (table 2). For necromass production, the best model also
explained 53% of the findings (table 3). About Urochloa decumbens, the model that
explained the best the results of biomass production, it explained 79% of our findings
(table 2), while for necromass production, model selection pointed out explanation of
79% of our results (table 3). Concerning Melinis minutiflora, the model selection
explained 36% of our results of biomass production (table 2), and, for necromass
production, 38% (table 3). The model selected that best explain biomass production of
Pennisetum purpureum explains 98% of our findings (table 2). For necromass, the

selected model explains 100% of obtained results (table 3).
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H. coronarium and P. purpureum had net primary aerial productivity equal to
zero, while they necromass was the highest ones (959,79 g*m?at and 1501,08 g*m?at,

respectively, as can be seen in table 4).

H. coronarium and P. purpureum are the biggest producer of biomass during the
months of the year, and the amount of production was higher than the other two species
during May/2016, July/2016, August/2016, November/2016, January/2017 and
March/2017. U. decumbens and M. minutiflora production differed from each other
only in June/2016 and August/2016 (M. minutiflora production was higher) (table 4).

The lowest production during the whole year was U. decumbens (figs. 1 and 4).

Necrommas production of P. purpureum was the most expressive, especially
during drought (peaking in June/2016). Its production is statistical equal to M.
minutiflora almost all year long. In regard with necromass production of H. coronarium,
in May/2016 and from August/2016 to March/2017, it has produced similar amount of
necromass with P. purpureum. U. decumbens have produced the lowest amount of
necromass, peaking in June/2016 and October/2016 (beginning and final of drought)

(figs. 2, 3 and 4).

4. Discussion

This study had its hypothesis corroborated, since for each species we could find
some relation among biomass and necromass productions and the studied variables,
therefore, studied variables are important to these species’ invasion. All four species
presented high capability of adaptation to riparian zones and high production of biomass
and necromass that are potentially highly impacting. Among them, Hedychium

coronarium and Pennisetum purpureum stand out for their high necromass productivity.
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The relation pointed by the model containing Tmaxo(-) for biomass production
of H. coronarium seems to be linked to the fact that the species grows better at lower
temperatures, that is corroborated by laboratory analysis (Pinheiro, in prep.), in which it
was established that biomass production was higher in temperatures close to 25°C then
35°C. Also, since native species use less resources during cold and dry season, H.

coronarium may use more of the available resources to its growth.

H. coronarium can grow up to 2 m in height (Macedo 1997), and with its rapid
ramets growth (Lorenzy 2000), and the abundant biomass and necromass production all
year long (our data), it shows that the species can block sunlight to native species of
slower growth and it can prevent their germination and growth. Another impact that H.
coronarium may bring to riparian zones is the presence of phytotoxic compounds that
can inhibit germination, growth and even DNA synthesis of pioneer native species

(Miranda et al 2015, Costa, in prep.).

The most adequate model selected for biomass production of Urochloa
decumbens explains 79% of the results we found and the negative correlation with
Tmax, can explain the high production in October/2016. In artificial pastures, the
species decreases biomass production during cold season (Fagundes et al 2006), which
contradicts the results we found. One hypothesis that might explain this is the fact that
during cold and dry season, native species use less resources, so U. decumbens has more
resources available to grow. Also, in our experiment, we did not collect biomass from
the same plot, which can be another reason for different results from artificial pastures.
The species can recuperate its biomass after drought periods, if its biomass production

is altered (Mattos et al. 2005).
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Although biomass and necromass production of U. decumbens are the lowest
ones in relation to the other species of this study, its invasion cannot be treated as less
impactful. The species is known for reducing incident light on soil by its thicket’s
formation, decreasing recruitment and germination of other species in seed bank or
dispersed seeds, in addition to its invasion being capable of affecting negatively specie
richness, composition and distribution of life forms in tropical forest (as reviewed by

Ferreira et al. 2016).

In savana, both U. decumbens and Melinis minutiflora were considered capable
of producing matrix with high abundance of its individuals excluding native species
(Pivello et al. 1999b). U. decumbens is also capable of competing with other species
through production of phytotoxic compounds in different life cycles that present
allelopathic effect; its seeds, for example, produces substances capable of inhibiting
germination of other species, including M. minutiflora (Barbosa et al. 2008). However,
one of the reasons to cultivate U. decumbens in degraded areas is its capability of
decreasing erosion (Ferreira et al. 2016), but such procedure is not indicated for riparian

zones, since erosion occurs naturally in the environment (Richardson et al. 2007).

The most significant explicative model (Tminy(-)) for M. minutiflora results help
understand biomass production peak in August/2016, after lower temperatures; lowest
production was in March, when the highest amounts of rain were happening, which can
also be explained by the results previously mentioned and corroborates results found for
others (Silva and Haridasan 2007). Although net primary aerial production of M.
minutiflora was the highest one, there is the possibility of resistance to the invasion of
this species: in Brazilian savanna areas, when M. minutiflora invasion has not exceeded
60% of total biomass present, significant richness of native species was found (Martins

et al. 2011).
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Even though there is the possibility of resistance, M. minutiflora invasion can,
for example, complicate the establishment of native grasses in invaded areas (Martins et
al. 2004) and compromise degraded areas regeneration, altering herbaceous extract
biomass (Martins et al. 2011). Thickets of M. minutiflora were pointed as able to
exclude herbaceous species (Pivello et al. 1999a), natives from Brazilian savanna
(Pivello et al. 1999b), and also of affecting negatively arboreal species recruitment
(Hoffmann and Haridasan 2008), leading to species diversity and richness decrease at
invaded areas (Williams and Baruch 2000) and to produce allelopathic substances that

decrease germination and seedling (Prates et al. 1998).

Our results showed biomass of P. purpureum decreases significantly after the
beginning of lower temperatures season, which corroborates other studies (Deresz 2001;
Deresz et al. 2006; Paciullo et al. 2008). Even so, this plant has high production all year
long, as expected, since it is a grass used for cattle foraging because of its high
productivity and its fast growth rate (Silva et al. 2002; Silva and Rocha 2010). The fact
that net primary aerial production was zero in this study should not be used to lessen the
plant’s production during the year or its potential of environment impact, especially
because of its high necromass production, that has potential to act as a physic and light
barrier to other species and it can increase soil nutrient supply (Berendse 1999, Foster e
Gross 1998). Harmful effects of P. purpureum invasions are the production of
phytotoxic compounds with allelopathic effects that can inhibit radicle and seedling
growth, seeds germination of native species, and these compounds can be found both in
biomass as in necromass of P. purpureum (Norhafizah 2012; Zain et al. 2013; Chuah et

al. 2014; Ismail et al. 2015).

Necromass production of P. purpureum explained by Tming(-) + Tmax,(+) can

help understand production peak in June/2016. Relative humidity between 62% and
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85% during the year and biomass production peak in June confirm Brazil’s
classification as a very favorable location for this species growth (Barney and
DiTomaso 2011). Our data agrees with other studies carried out (Kubota et al. 1994; de

Morais et al. 2012) concerning temperature and humidity.

Another factor that can influence biomass and necromass production of P.
purpureum is nitrogen quantity in the soil: the higher nitrogen concentration on the soil,
the higher will be biomass and necromass production (Morais et al. 2012). We did not
collect data about nitrogen availability in our study sites, but it can be a factor

contributing to biomass and necromass production of the species in these sites.

It can occur a neutral or positive effect to seedlings of native species with
deposition of up to 500 g.m™ of necromass in pastures (Loydi et al. 2013). In that case,
U. decumbens may not be causing negative impact in the environment by necromass
production, since it is producing 226,01 g.m2y™ (H. coronarium = 959,79 g.m2.y*, M.
minutiflora = 654,38 g.m2.y™ and P. purpureum = 1501,08 g.m?.y™%). However, it does
not mean that U. decumbens presence is innocuous to the environment studied. Species
that also invade woody environments, such as Panicum maximum and Pteridium
arachnoideum, have close numbers on net primary aerial production and necromass

production and yet they can cause increase in fire risks (Portela et al. 2009).

P. purpureum was considered dominant invasive species in woody
environments in the Philippines, controlling ecosystem processes such as nutrient flow
with Alternanthera sessilis, Synedrella nodiflora, P. maximum, Paspalum conjugatum
and Piper sarmentosum (Torrefiel and Buot Jr 2017). Nonetheless, even though P.
purpureum produced more necromass than H. coronarium does not make its impact

higher, since necromass accumulation over 800 g.m™y™* may not cause significant
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higher impact then plats that produced up to 800 g.m™2.y™ in pastures (Loydi et al.

2013).

Necromass production of P. purpureum and H. coronarium might have been
similar in May (end of humid season) and from August to March (end of dry season and
humid season), but H. coronarium production exceeds P. purpureum production in
October, end of dry season, what can guarantee soil isolation in terms of humidity
during drought (Eckstein and Donath 2005). H. coronarium is an amphibian

macrophyte, therefore, more dependent of humidity than the other species.

All four studied species had its biomass production related to temperature, the
higher the temperature, the smaller biomass production was (H. coronarium = TmaxG,
U. decumbens = Tmaxo, M. minutiflora = Tmin; and P. purpureum = Tmin;) and only
U. decumbens necromass production was not related to temperature (H. coronarium =
C; + U3 + Tmax,, U. decumbens = C,, M. minutiflora = U, + Tminl and P. purpureum
= Tmin; + Tmaxy), therefore, temperature can be considered the most important

variable to biomass end necromass production of the species.

Other relevant perspective is the high nitrogen supply that these species
necromass is bringing to the site. It can facilitate other species invasion, since plant
communities are more susceptible to invasions every time not used resources became
available (Davis et al. 2000), of course we to take under consideration the species
composition of the area. Thus, it is reasonable to consider that any factor increasing
limiting resources availability will increase community vulnerability to invasions.
Necromass supply can also influence in native species germination, not only because its
leached, but also by changing osmotic potential on the soil (Loydi et al. 2014) and

necromass of invasive species seems to have higher effect in decreasing seedlings
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establishment of native plants then necromass of native species (Scharfy et al. 2011).
Thereby, when species can get around shading caused both by biomass and necromass,
they can still be affected by phytotoxic substances (Hierro and Callaway 2003) and by

space and nutrient competition (Suding and Goldberg 1999; Violle et al. 2006).

Although studied species were from three different sites, they all occur in every
site we collected our data, which can lead to possible meltdown caused by multiple
species invasion in the same area at the same time, facilitating each other invasion and
causing even bigger impact (Simberloff and Holle 1999; Simberloff 2011). Loydi et al
(2014) point at studies that place necromass accumulation as a factor to increase
invasion success. As an example, in this study, nitrogen increase can facilitate biomass
production of U. decumbens and P. purpureum (Fagundes et al. 2005; Da Silva et al.
2012; Morais et al. 2012) and, as discussed before, necromass accumulation can
increase nitrogen availability in the environment (Berendse 1999, Foster and Gross
1998). Yet, the presence of invasive species can increase fire frequency in invaded areas
(as reviewed by Simberloff 2011) as with Andropogon gayanus in Australia (Setterfield
et al. 2013) and facilitate the entrance of new invasive species, as have occurred in
Hawai’i, where Schizachyrium condensatum and M. minutiflora converted forests in to

pastures after fire events (D’Antonio and Vitousek 1992).

5. Final considerations

The four species have its behavior directly connected to environmental variables
studied, temperature being the most important variable to all species, and they can cause
great impact in riparian zones because its high biomass and necromass production,
specially Hedychium coronarium and Pennisetum purpureum. Among the impacts of

biomass production are increased competition for resources decreasing light and water
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offer and disturbing plant growth and reproduction (Suding and Goldberg 1999; Violle
et al. 2006). Necromass accumulation can act as a barrier to species growth, preventing
light to get to the soil or producing phytotoxic substances. Besides, increasing nutrient
supply on the soil though necromass decomposition can cause diversity decrease inside

the community (Berendse 1999, Foster and Gross 1998).

Since riparian zones process large flow of material from adjacent ecosystems,
they can be considered as critical transition zones (Ewel et al. 2001). Henderson (1998)
indicated that invasive tree species in riparian zones higher then 10 m are usualy
specialists, while other tipes of species can invade riparian zones and its contiguous
environment. Heracleum mantegazzianum, in Czech Republic iniciated its invasion in
riparian zone, but it continued to adjacent environment as well (Pysek et al. 2007).
These facts leeds us to reinforce the necessity of invasive species management to
minimize impacts caused in riparian zones and neiboughrs ecosystems. Since net
primary aerial production and biomass production of studied species were considered
impactful, it is important that management measures are thought to decrease such

impacts.

We can take some measures to avoid or to remedy biological invasions. The first
step must be prevention (not letting exotic species to be introduced in a region),
followed by premature detection (to look for exotic species erradication before they are
invasive), rapid asnwer, erraication, and, at last, long management periods (the last one
tends to be more expensive and less succefull and can take years) aiming restauration
and, since erradication or decrease of the invasive presences is not always enough by
them selves, active restauration is fundamental (Simberloff et al. 2013). To riparian

zones, restauration does not depend on the area itself, but also of downstream catchment

55



384

385

386

387

388

389

390

391

392

393

394

395

396

397

areas, water flow restauration, increase of propagule pressure of native species and

revegetation to ensure no new infestation after control (Holmes et al. 2005).

One management strategy that can be considered when we talk about riparian
zones is to consider these systems as dynamics and open, that have as crucial part
human interference in it and, thus its objective becomes processes restoration, more than

original vegetation community restauration (Richardson et al 2007).
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612 Table 1: Climatic variables during time and biomass and necromass production of Hedychium coronarium, Urochloa decumbens, Melinis

613 minutiflora and Pennisetum purpureum during time.

Dez/15 Jan/16 Feb/16 Mar/16 Apr/16 May/16 Jun/16 Jul/16 Aug/16 Sep/16 Oct/16 Nov/16 Dec/16 Jan/17 Feb/17 Mar/17

Tmax 32 30 32 32 32 26 26 28 28 30 30 30 30 30 30 30
Tmin 20 22 22 20 18 14 14 12 14 16 18 18 20 20 20 20
U 77 78 75 85 69 79 83 67 67 65 62 77 80 82 79 76
C 26 22 13 25 2 5 9 1 6 6 16 15 21 21 14 11
P 2273 1911 4634 156,7 10,4 135,6 101,7 2,5 22 26,3 1316 1201 178,2 173 141,3 227,3
Biomass
Hedychium - - - - 282 541 446 681** 422 282 275 332 356 410 235* 444
coronarium
Biomass
Urochloa - - - - 64* 97 94 98 84 105 113** 65 106 105 100 66
decumbens
Biomass
Menilis - - - - 136 129 215 192 220** 145 207 109 136 122 116 84*
minutiflora
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Dez/15 Jan/16 Feb/16 Mar/16 Apr/16 May/16

Jun/16

Jul/16  Aug/16 Sep/16

Oct/16 Nov/16

Dec/16

Jan/17

Feb/17

Mar/17

Biomass
Pennisetum

purpureum

Necromass
Hedychium

coronarium

Necromass
Urochloa

decumbens

Necromass
Menilis

minutiflora

Necromass
Pennisetum

purpureum

- - - - 445

- - - - 171

- - - - 176

- - - - 219

785

130

40

144

383

1209**

104

73**

210

676**

766

116

42

163

401

892

144

47

170

322

648

75

49

120

193

644 428*

207 165

67 48

159 303**

207 249

652

99

31*

171

178

660

200**

51

184

116

521

65

38

127

80

601

60*

59

111*

69*

614  Tmin = minimum temperature (in °C), Tmax = maximum temperature (in °C), U = average air relative humidity (in %), C = number of days with rain, P = average rain fall

615 (im mm). Biomass and necromass are in g. * = lowest production of biomass or necromass. ** = highest production of biomass or necromass.
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616  Table 2: models that explain biomass (g) production variation for the studied species.

Hedychium coronarium

Estimate Std. Error T value
(intercept) 2084,49 427,06 4,88
Tmax0 -45,13 11,25 -4,01
U3 -5,04 2,7 -1,86
Model aAlC dAIC df weight
Tmax0(-)+U3(-) 1566,4 0,0 5 0,53
Null model 1588,4 22,0 3 <0,001
Urochloa decumbens

Estimate Std. Error T value
(intercept) 163,11 55,83 2,92
Tmax0 -2,46 1,87 -1,31
Model aAlC dAIC df weight
Tmax0(-) 1197,7 0,0 4 0,79
Null model 1200,4 2,7 3 0,21

Melinis minutiflora

Estimate Std. Error T value

(intercept) 374,62 35,87 10,44
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Tminl -13,18 2,02 -6,51

Modelo aAIC dAIC df weight
Tminl(-) 1316,4 0,0, 4 0,36
Null model 1354,0 37,6 3 <0,001

Pennisetum purpureum

Estimate Std. Error T value
(intercept) 1485,92 307,13 4,83
Tminl -47,06 15,67 -3,00
Modelo aAlC dAIC df weight
Tminl(-) 1793,6 0,0 4 0,98
Null model 1807,5 14 3 <0,001

617  Tmaxe= maximum temperature in month of biomass quantification, Us= relative humidity of the month
618  three months before biomass quantification, Tmin;=minimum temperature one month before biomass
619 quantification.

620

68



621  Table 3: models that explain necromass (g) production variation for the studied species.

Hedychium coronarium

Estimate Std. Error T value
(intercept) 544,20 137,51 4,03
C1 -3,77 1,24 -3,05
U3 -6,04 1,22 -4,94
Tmax2 1,80 4,52 0,40
Modelo aAlC dAIC df weight
C1(-)+U3(-) 1411,8 0,0 6 0,53
+Tmax2(+)
Null model 1440,5 28,7 3 <0,001
Urochloa decumbens
Estimate Std. Error T value
(intercept) 59,27 5,58 10,61
C2 -1,03 0,39 -2,58
Modelo aAlC dAIC df weight
C2(-) 1186,4 0,0 4 0,79
Null model 1190,8 44 3 0,08
Melinis minutiflora
Estimate Std. Error T value
(intercept) 389,9 85,49 4,56
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622
623
624
625
626
627

628

629

u2 -2,91 1,01 -2,87

Tminl -0,22 2,77 -0,078

Modelo aAlC dAIC df weight
U2(-)+Tminl(-) 1387,3 0,0 5 0,38
Null model 1396,9 9,6 3 0,003

Pennisetum purpureum

Estimate Std. Error T value
(intercept) 219,44 207,91 1,05
Tmin0 -55,14 477 -11,55
Tmax2 33,07 6,53 5,06
Modelo aAlC dAIC df weight
Tmin1(-) 1515,2 0,0 5 1
+Tmax2(+)
Null model 1612,5 97,4 3 <0,001

C;= number of days with rain one month before necromass quantification, Us= relative humidity of the
month three months before biomass quantification, Tmax2= maximum temperature two months before
necromass quantification, C,- number of days with rain two months before necromass quantification,U,=
relative humidity of the month two months before biomass quantification, Tmin;= minimum temperature
one month before biomass quantification.Tmax0= maximum temperature in month of biomass
quantification.
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630

631

632

Table 4: net primary aerial production and necromass production of species.

Net Primary Aerial Production Necromass Production
Hedychium. coronarium 0 959,79 gtm?at
Urochloa decumbens 79,56 gtm2at 226,01 gtmz2at
Melinis minutiflora 470,83 g'm?al 654,38 gtmz2at
Pennisetum purpureum 0 1501,08 g*m?at
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Capitulo 2: Mechanical and chemical control of
Hedychium coronarium J. Konig.

(Zingiberaceae) in neotropical riparian zone
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Mechanical and chemical control of Hedychium coronarium J. Konig. (Zingiberaceae)
in neotropical riparian zone
Abstract

Riparian zones are ecotones among aquatic and terrestrial environments that are
very important regulating the link among these systems, but high threatened by
biological invasion. The amphibian macrophyte Hedychium coronarium is among the
invasive plants reported at many ecosystems in Brazil. It is important to investigate
ways to control it. In this study, we tested mechanical control and chemical control with
glyphosate injection and spray and Typha domingensis extracts injection. Mechanical
control was carried on the field, in five sites and four treatments: control, cutting off
ramets once, twice and pulling out rhizomes. Chemical control took place at the
laboratory, in aquariums. Injection had four control and four injection, spray had the
same and T. domingensis had three for each treatment, control, leaves extract at 5% and
10% concentration and rhizome extracts at the same concentration. We used linear
mixed effects model fit by maximum likelihood and mortality rate expressed in
percentage to analyze data. All treatments applied in our experiments have decrease
the production of H. coronarium populations, although none of the treatments have
shown total effectiveness, and every treatment showed re-sprout of ramets. The best

treatment is glyphosate injection into the rhizome with 97,3 % of mortality rate.

Key words: invasive plant, Typha domingensis extract, glyphosate injection, glyphosate
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1. Introduction

Invasive species are common all over the world and are considered the second
major cause of biodiversity loss (Vitousek et al 1997, Simberloff & Rejmanek 2011).
The first cause, habitat loss, occurs mainly through destruction of ecosystems for
agricultural purpose (Primack and Rodrigues 2000), while invasive species are usually
introduced as ornamentals or for monetary reasons (Zenni and Ziller 2011). Invasive
species can cause many impacts, such as changing nutrient cycling and its concentration
on the soil, fire regime alteration, and changes in physical structure of habitats,
removing previously dominant species (Simberloff 2011).

Riparian zones are ecotones among aquatic and terrestrial environments (Tickner
et al 2001) that are very important regulating the link among these systems (Naiman &
Décamps 1997), but high threatened by biological invasion. These ecosystems perform
important functions, such as the increase water flow resistance, increasing resistance to
soil erosion; the decrease water turbulence, controlling input of erosion material; they
influence microclimate, are used as way among areas and, furthermore, they filter
pesticides from agriculture in water bodies (Naiman & Décamps 1997, Tickner et al
2001). Both abundance and diversity of alien plants in riparian zones have been
increasing throughout the world (Richardson et al 2007). There are several impacts of
invasive species in riparian zones, such as water courses desiccation, alteration in fire
regime and native species displacement (Naiman & Décamps 1997). Besides that, he
invasion in this ecosystem can be facilitated once its stream can be a very effective way
of carrying reproductive parts (Pysek & Prach 1993, Tickner et al 2001).

The amphibian macrophyte Hedychium coronarium Koénig. (Zingiberaceae) is
among the invasive plants reported at many ecosystems in Brazil (Zenni & Ziller 2011).

It has vegetative reproduction through rhizomes pieces that can be dispersed through
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water streams (Tunison 1991), is already found 3000 km away from the coast (Soares &
Barreto 2008) and it is listed as invasive species by Parana state (Parand 2007), Santa
Catarina state (CONSEMA SC 2012), and it appears among the list of cultivated
invasive species that are present in Federal Conservation Units in Brazil (Sampaio and
Schmidt 2013) for example. Considering that H. coronarium is an aggressive invader, it
is important to investigate ways to control it.

Control of invasive species are done mostly in three ways: biologically,
mechanically and chemically (Simberllof & Rejmanek 2011). Biological control is done
through the introduction of a non-native organism that acts as a predator of the target
species; mechanical control is done through cutting off, pulling out or mowing of the
invasive species and chemical control is done using herbicides in the target plant (Myers
& Bazely 2003). As macrophytes are concerned, the technique used must take into
account the species habits, the ecosystem invaded and the size of the invasion (Tu et al
2001, Motooka et al 2002, Dechoum & Ziller 2013). One of the most used herbicides to
control unwanted species is glyphosate (Dechoum & Ziller 2013), whose effectiveness
is non-selective, except for plants genetically modified to endure it (RoundUp Ready
plant varieties) (Benbrook 2016). Glyphosate usage increased after the creation of
genetically modified crop seeds and, as a result, weeds are becoming resistant to it
(Benbrook 2016).

Rice (1984) states that the use of plants extracts could replace the use of
synthetic herbicides, or at least reduce it. Many pesticides have had natural substances
as an important part of their formula for the past years, even though herbicides are a
small fraction of it (Dayan el at 2009, Cantrell et al 2012). Also, the use of herbicides
must consider proximity to water to avoid contamination (Tu et al 2001), which makes

it important to find alternative for controlling invasive species. The Brazilian species
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Typha domingensis Pers. (Typhaceae) is a rhizomatous macrophyte commonly found in
the waters of the country (Lorenzi 2000), but not commonly found co-existing with H.
coronarium (personal observation). T. domingensis is known for present allelochemical
effects, with phenolic compounds such as 2-chlorophenol, salicylaldehyde, linoleic acid
and a-linolenic acid (Gallardo et al 1999, Hu & Hong 2008) and its extract can inhibit
oxygen production in macrophytes, chlorophyll production, and growth of other
macrophytes (Gallardo et al 1999, Rao et al 2016). In this study, we tested mechanical
control and chemical control with glyphosate and T. domingensis extracts, therefore, the
aim of this study was to answer the following questions:
1) Do different mechanical treatment, chemical treatments with synthetic herbicide and
chemical treatments with alcoholic extracts of phenolic compounds of T. domingensis
have any effect on H. coronarium growth and re-sprouting?

To do so, we tested:
a) The effects of cutting off once and twice a year the ramets of H. coronarium to its
height and diameter growth and mortality rate;
b) The effect of pulling out once the ramets and rhizomes of H. coronarium to its height
and diameter growth and mortality rate;
c) The effects of glyphosate injections on H. coronarium rhizomes, glyphosate spray on
H. coronarium leaves and the effects of injections of alcoholic extracts of phenolic
compounds from leaves and rhizome of T. domingensis in two concentrations each (5%
and 10%) on H. coronarium rhizomes in its height and diameter growth and mortality
rate and
d) The in its height and diameter growth and mortality rate.

Our hypothesis is that tested treatments would decrease the growth, ramets

production and survival of H. coronarium.
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2. Material and methods
2.1. Studied species

Hedychium coronarium J. Koénig (Zingiberaceae) is a perennial rhizomatous
macrophyte that presents both sexual reproduction and asexual reproduction. Its
rhizomes fragments can be carried through the water and one piece can establish a new
population (Tunison 1991). Ramets can reach 2 m height; its leaves are coriaceous with
20 to 40 cm of length and 5 to 6 cm of width, and white fragrant flowers (Macedo
1997). The species is native from Himalaya, Nepal, India and west China, where it
occurs in tropical and subtropical woods up to 1.900 m of altitude (Manish 2013). In
Brazil it can be found all over the coast and 3.000 km away from the coastal area
(Soares & Barreto 2008).

Typha domingensis Pers. (Typhaceae) is a perennial herbaceous macrophyte that
can grow from 1,1 m to 4 m; its leaves have linear blades with up to 1,20 m of length
and 0,5 to 1,5 cm of width. It presents reproduction either via seeds or via rhizomes and
occurs naturally from the south of United States of America until Patagonia and in all
Brazilian regions (Lorenzi 2000, Carvalho et al 2014). Species of Typha genus tend to
form monotypic stands (Fraga & Kvet 1993) and T. domingensis tolerates both shallow
and deep waters locations (Grace 1989).

2.2. Study area

The study area is located in Sdo Carlos municipality, (22° 01' 03" S and 47° 53'
27" W,) Sdo Paulo state, southwest Brazil. The area soil is predominantly red-yellow
latosol and purple latosol (Perez Junior 1997). The local climate is, according to
Koppen’s classification, a transition between Cwai-Awi, characterized as humid

subtropical (hot and humid summer, from October to March and cold and dry winter,
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from April to September) (Tolentino 1967). The municipality is at the hydrographic
basin of Monjolinho river, one of Jacaré-Guacu rivers affluent, which drains to Tieté
River (Lima 2003).

The experiment with mechanical control had replicates in five different riparian
sites: 1) Fazzari lake (21°58°17.4” S and 47°53°17.7” W), surrounded by a Cerrado
area; 2) Monjolinho lake (21°59°07.2” S and 47°52°54.1” W), within the Federal
University of S&o Carlos; 3) Horto Florestal (21°59°13.2 S and 47°52°21.3” W), in the
margins of Monjolinho river; 4) Sitio Paraiso (21°58°48.2” S and 47°55°18.2” W), near
Washington Luis highway and 5) Bosque Cambuci (21°59°31.9” S and 47°54°13.8” W),
in the urban perimeter of Sdo Carlos. The individuals of Typha domingensis were also
collected at Sdo Carlos municipality, at Jodo Ponce da Costa Municipal Road
(21°59°92° S and 47°50°26.05” W).

2.3. Data collection method
2.3.1. Mechanical control

In May/2017 we established three plots of 1 m X 1m 10 m apart from each other
and 3 m away from the water course in each of the five sites. Each plot was subdivided
into four sub plots of 0,5 m x 0,5 m and in each sub plot we applied randomly: i) control
without any treatment, ii) cutting off ramets once a year (applied on the day we
established the plots), iii) cutting off ramets twice a year (applied on the day we
established the plots and six months later) and iv) pulling out ramets and rhizomes
(applied on the day we established the plots). We numbered and measured the diameter
at soil level and the total height of all ramets inside the plots. We re-measured every
three months, finishing in May/2018. All new ramet found was numbered and
measured. The started data collection in May because it is the period of the year the

species shows the lowest biomass production (see chapter 1).
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2.3.2. Chemical control

To each test of chemical control of H. coronarium we collected rhizomes from
one site (Monjolinho Lake) and cut them in pieces of 10 cm length. In the lab we
planted five pieces in aquariums of 30 cm x 30 cm x 20 cm with 5 cm of fertilized soil.
The aquariums were kept in a climatized room with photoperiod of 12:12 h light/dark
and temperature 24+/-2°C, where the rhizomes were left to grow along three months,
watering with 500 mL of tap water twice a week.

To test glyphosate (RoundUp, produced by Monsanto) injection effectiveness
we used four aquariums for each treatment: control (IC) and injection (I). Thus, we had
4 x 5 replicates for each treatment. The injections were made with Monsanto stem gun
and followed the recommendation of the producer on applying 10 mL of the product
undiluted in a 90° angle. Controls were injected with tap water. All the tests with
glyphosate were made with proper gloves, mask and glasses and the area with the
aquariums was isolated for 24 hours after the injection test. The rhizomes were
monitored monthly in order to check the production of ramets which were numbered
and had their diameter at soil level and total height measured. Five months after the first
injection, we repeated the procedure and continued measuring the production and the
size of ramets until three months after the last treatment.

To test glyphosate spray effect, we used four aquariums for control (SC) and
four for spray (S). Thus, we also had 4 x 5 replicates for each treatment. The
concentration used, and quantity of spray applied were those recommended by the
producer: 1 part of RoundUp to 100 parts of water and we sprayed until the leaves were
wet by the solution. The controls were sprayed with tap water. All the tests with

glyphosate were made with proper gloves, mask and glasses and the area with the
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aquariums was isolated for 24 hours after the spray test. Two months after the first
spray, we repeated the spraying and again after four months since first application. Once
a month, we numbered the ramets and measured their diameter at soil level and the total
height until two months after the last treatment was applied.

To test Typha domingensis alcoholic extract, three aquariums were used as
controls (TC) and had its ramets injected with tap water, three had its ramets injected
with leaf alcoholic extract at 5% concentration (LES), three had its ramets injected with
leaf alcoholic extract at 10% (LE10), three had its ramets injected with rhizome
alcoholic extract at 5% (RE5) and three had its ramets injected with rhizome alcoholic
extract at 10% concentration (RE10). So, for each treatment we had 3 x 5 replicates.
The injections were made with Monsanto stem gun, the injected volume was 10 mL.
Once a month, we numbered the ramets and measured their diameter at soil level and
the total height until three months after the last treatment was applied.

To prepare the extracts of phenolic compounds of Typha domingensis, we
collected the plant with leaves and rhizome, the samples were dried in circular air heater
at 30° C until constant weight, and the dried material was powdered in an ultra turrax
grinder. The extraction was carried on with organic solvent ethanol in 5 L
Erlenmeyers’s flasks. The procedure was repeated three times in order to retrieve the
most compounds possible. Obtained portions were concentrated in rotating evaporators
(as suggested in Dai & Mumper 2010). To reach the desired concentration, the
concentrate was diluted with water.

2.4. Statistical analysis

To test the differences for height and diameter among treatments in each

experiment, we used linear mixed effects model fit by maximum likelihood (with

function “Ilme”). For mechanical treatment, we considered ramets, plots and sites as
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random effects, time as fixed effect and height and diameter as answer. Ramets and
aquariums were considered as random effects, and height and diameter as answer
variables, time as fixed effect for chemical control experiments conducted in the
laboratory. We also used mortality rates expressed in percentage of dead plant in each
treatment as evaluation criteria to assess treatments efficiency. All the analysis were
conducted within the R statistical environment, version 3.4.3 (R Development Core
Team 2018), using the packages Ime4 (Bates et al 2015) and nlme (Pinheiros et al
2017). Graphics were made with Excel.
3. Results

Mechanical control experiment (table 1) showed that cutting ramets once a year
had a negative effect on height growth (p=0,001) (fig. 1) and on diameter growth
(p=0,008) (fig. 2). Cutting off ramets and pulling out rhizomes once a year had a
positive effect on dimeter growth (p=0,0029), while control treatment had a negative
effect on diameter growth (p=0,0391) (fig. 2). Chemical control experiments had no
statistical effect on height growth (table 2 and figs. 3, 5 and 7), but for diameter growth
glyphosate injection control (fig. 4) and glyphosate spray control (fig. 6) had positive
effect (p=0,026 and p=0,0002, respectively) and Typha domingensis leaves extract at
5% concentration and T. domingensis rhizome extract at 5% concentration (fig. 8) had
negative effect on diameter growth (p=0,0007 and p=0,01 respectively).

Glyphosate injection on rhizomes increased the mortality rate (97,3%), followed
by cutting off ramets twice a year (85,4%) and glyphosate spray on leaves (83,3%)
(table 3). The variation of total number of ramets over time for each experiment can be
seen on figures 9, 10, 11 and 12. Injections of Typha domingensis extract decreased

mortality rate of ramets.

81



860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

4. Discussion

None of the treatments applied to attempt the control of Hedychium coronarium
have shown total effectiveness in Killing the plant, and every treatment showed re-
sprout of ramets, but our initial hypothesis was corroborated, which was that treatments
would have an effect on growth, ramets production and survival of H. coronarium.

Regarding mechanical control experiment, we chose to start our experiment in
May, because is the lowest biomass production of the species (see chapter 1), which
could make more difficult for the plant to re-sprout (cutting and pulling might take more
energy from the plant). Cutting ramets once a year can impact the growth in height and
diameter, but it was not effective to kill the plant, which was also observed in
experiments carried on rainforest in Brazil (Maciel 2011) and also, for height, in
experiments conducted for Hedychium gardnerianum in Azores (Andrade 2015),
although cutting ramets off had no results in Hawai’i after a year (Santos et al 1986).
While our findings do not indicate that cutting off ramets twice a year (mortality rate
85,4%) is any different from pulling out ramets and rhizomes (mortality rate 85,3%),
Maciel (2011) concluded that pulling out ramets and rhizome once or three times a year
were more effective in decreasing the density/abundance of H. coronarium; cutting off
ramets and pulling out rhizomes of H. gardnerianum showed a relation with smaller
ramet height in Azores (Andrade 2015). It is easier to cut off ramets than to pull out
ramets and rhizome, regarding to the amount of labor, and cutting preserves the soil
characteristics and decrease the risk of leave small pieces of rhizomes which can
regrowth and produce a new stand at the same area of in other area when carried by the
water flow. Yet, control by pulling out rhizome is best suited for small areas, since it is,

nevertheless, very laborious.
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The highest mortality rate was achieved with glyphosate injections (97,3%),
however, since the herbicide tested is a broad spectrum one (Benbrook 2016), it can
only be used after making sure it is not going to affect other species co-occurring with
H. coronarium. Although its high mortality rate, we noticed the presence of newly born
ramets during the three months after the second injection, demonstrating that the
treatment does not inhibit the re-sprouting. Other studies had similar results, but despite
the high mortality rate, there were negative effects in the environment and in practical
terms. An effective injection treatment (100% of mortality rate for rhizomes one year
after treatment) for H. gardnerianum was established in Hawai’i with amitrol and
picloram potassium salt + potassium hydroxide (Tordon 22K). However, the first
herbicide was considered expensive for larger areas of application and too laborious,
whilst the latter was too damaging to native vegetation (Santos et al 1992), so it should
not be recommended for using in natural habitats. Perhaps, more glyphosate injections
could result in the control of H. coronarium.

The herbicide type and concentration utilized are important for the results of its
application. We used 1% concentration and sprayed the leaves three times, and the
mortality rate was lower than with glyphosate injection (83,33%). Spray application of
glyphosate had been tested before in semideciduous seasonal forest, and the mortality
rate obtained was 95% with a single time spray and 3% concentration (Dechoum &
Ziller 2013). Other herbicides have been used to attempt control of H. coronarium, such
as triclopyr and fluroxypyr combined, and had better results in a single application with
concentration of 2% (Dechoum & Ziller 2013). In Hawai’i, other herbicides like
triclopyr (Garlon 4), picloram potassium salt + potassium hydroxide (Tordon), amitrol
and glyphosate (RoundUp) (all at 5% concentration) were sprayed attempting to control

H. gardnerianum without success (Santos et al 1992). However, the application of these
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herbicides requires caution. Foliar spraying with any herbicide in H. gardnerianum has
been considered inappropriate due to its potential risk of causing damage to native
species close to the invasive plant and the possibility of over spraying, which could lead
the herbicide to contaminate waters nearby (Santos et al 1992, Ward et al 1999). Even if
in Brazil the use of glyphosate spray at 3% concentration inside Conservation Units to
attempt to control of H. coronarium is legal (IBAMA 2016), one should consider the
possibility of treated plants exudate glyphosate applied on aerial parts through it roots,
as demonstrated in experiment carried out with Urochloa brizanta control in soy bean
plantation (Kohls et al 2006) (for further information see Tuffi Santos et al 2005).
Concerning what type of herbicide to use, while glyphosate tend to be inactive when
adsorbed in the soil (Amarante Junior & Santos 2002), it can also affect other species,
since it is a non-selective herbicide (Benbrook 2016). Triclopyr also may injure non-
target species seeds (Douglass et al 2016) and its residues were found in dam reservoir
in New Zealand, being banned for agrochemical uses (Ward et al 1999). Fluroxypyr can
leach to underground waters (Cederlund et al 2012) and applications of triclopyr and
fluroxypyr combined can reduce diversity and richness of non-target species (Power et
al 2013). In addition to choosing the least impacting herbicide, it is important to take
under consideration monetary cost, time spent and labor of different treatments to
properly access the efficiency of control.

Typha domingensis extracts injection on rhizomes decreased the diameter
growth of H. coronarium. We observed that the diameter would decrease while the
ramet were increasing in height, therefore, diameter growth would be an indication of
slower growth in height, which would be desirable for control. Mortality rate was the
lowest among them all, even the control experiment had higher mortality rates. A study

aiming Salvinia minima control with T. domingensis extracts and leachates found that
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both were able to inhibit oxygen production of S. minima, though the leachates were
more effective (Gallardo et al 1999). Other studies showed that T. domingensis extracts
inhibited oxygen production of Lyngbya majuscule, Valisneria americana, Elodea
canadensis, and Myriophyllum spicatum (Rao et al 2016). Further testing regarding the
effect of T. domingensis leachates on H. coronarium should be interesting. Also, if the
invasion is large, using plant extract to control it could become impracticable, since one
would need too much plant to extract phenolic compounds.

Our study did not measure costs of money and labor of controls techniques we
tested, but an experiment carried out with H. gardnerianum did. It considering 1)
Cutting off ramets, 2) Pulling out ramets and rhizomes, 3) Cutting off ramets and
applying herbicide (metsulfuron methyl), 4) Cutting off ramets and covering the ground
with black plastic canvas and 5) Controlled fire showed that cutting off ramets was the
cheapest treatment, cutting off ramets and pulling out rhizomes and cutting off ramets
and applying herbicide were more expensive and had no statistical difference between
their costs (Andrade 2015). Labor wise, the worst treatment was cutting off ramets and
pulling out rhizomes, while cutting off ramets was the easiest one.

Biological control for H. coronarium is not available for practical uses yet, but
its use has been suggested in the literature (Soares & Barreto 2008, Hayes et al 2013).
We observed ant attack on H. coronarium during our field experiment, when
approximately an area 40m? of ramets were completely defoliated. However, after a few
weeks we could not distinguish the difference between attacked and non-attacked sites.
The fungi Gonatophragmium mori, G. mangiferae, Leptosphaeria sp., Mycosphaerella
hedychii, Pseudocercospora hedychii, Veronaea hedychii, Curvularia lunata and
Chalara aurea where found in H. coronarium in Brazil, but none of them caused

significant damage to the plant (Soares & Barreto 2008). Further experiments to
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establish whether herbivory decreases the population of the plant or not must be carried
out. However, the introduction of exotic species is illegal in Brazil in Conservation
Units (BRASIL 2000), so biological control for H. coronarium in such areas could not
take place in those sites.

After effective control of an invasive species, other invasive species might
occupy the site instead of native species. In one of our sites, after the establishment of
mechanical treatment (cutting off ramets and pulling out rhizomes), we found subplots
covered with the species Philodendron sp that occurred there. Similary, Pteridium
aquilinum, Rubus ulmifolius, Cyrtomium falcatum, Conyza bonariensis and Solanum
mauritianum, all invasive in Azores, were found occupying plots after H. gardnerianum
was cut out and pulled off (Andrade 2015). Also, ecosystems where erosion is part of its
processes, such as riparian zones, may have a higher number of events after an invasive
species is controlled, which can increase the erosion of material in the water (Tickner et
al 2001). To eradicate invasive species, it is better to focus on early detection and to
control the source of the species rather than wait until the invasive populations become
established and the effort to eradicate must continue for at least 10 years (Mack &
Lonsdale 2002). In conservation areas, instead of focusing in one invasive species Mack
and Lonsdale (2002) suggest that it is more effective to create buffer zones and work
with reforestation along with control of invasive species, as it has been done for five
years in New Zealand with positive results for H. gardnerianum invasions, among other
species, reducing their populations to a smaller size, which can be easier to manage
(Lovegrove et al 2002).

5. Conclusion
All treatments applied in our experiments have failed to kill Hedychium

coronarium populations, and every treatment showed re-sprout of ramets, but we had
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higher mortality rate in all treatments, except for those with Typha domingensis extract
injections, which partially corroborates our initial hypothesis.

The best treatment is glyphosate injection into the rhizome, but its use must
consider the place where the invasive plant is set, so to prevent unwanted contamination
by the herbicide to native plants. This is a challenge, because riparian zones are
sensible, and the herbicides could be easily carried from streams. Reforestation with
native species should be carried out along with attempt of control to prevent other
invasive species to take place.
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Table 1: Statistical results for height (cm) and diameter (mm) growth of Hedychium
coronarium in mechanical control experiment.

Value Sd error DF t-value p-value
Height (cm)
Control -396,51 363,95 330 -1,09 0,27
Cutl -1191,57 361,1 330 -3,3 0,001
Cut 2 -75,8667 450,18 330 -0,17 0,87
Pull 998,37 571,8 330 1,75 0,082

Diameter (mm)

Control -4085,17 197221 330 -2,07 0,0391
Cutl -6647,42 1957,9 330 -3,4 0,0008
Cut2 -2770,51 2439,29 330 -1,14 0,2569
Pull 9310,58 3099,73 330 3 0,0029

Cut 1= cutting off ramets once a year, Cut 2 = cutting off ramets twice a year, Pull = cutting off ramets
and pulling out rhizome once a year, Sd Error=standard error, DF= degrees of freedom

Table 2: Statistical results for height (cm) and diameter (mm) growth of Hedychium
coronarium in chemical control experiment.

Value Sd error DF t-value p-value
Height (cm)

IC 142,86 495,5 6 0,29 0,7828
I -1206,29 497,67 6 -2,42 0,0516
SC 19,69 558,8 31 0,04 0,9721
S 450,18 1028,3 31 0,44 0,6646
TEC -74,7 341,05 10 -0,22 0,831
LES 216,44 288,35 10 0,75 0,4702
LE10 48,05 414.6 10 0,12 0,91
RE5 -52,78 297,03 10 -0,18 0,8625
RE10 69,33 358,44 10 0,19 0,8505

Diameter (mm)
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IC 57,74 19,65 6 2,94 0,026

I 29,28 19,88 6 1,47 0,1913
SC 309,28 72,7 31 4,25 0,0002
S 76,78 139,17 31 0,55 0,5851
TEC -84,3 52,41 10 -1,61 0,1388
LES -213,13 44,51 10 -4,79 0,0007
LE10 47,54 63,74 10 0,75 0,4729
RES -143,46 45,76 10 -3,13 0,0106
RE10 -49,92 55,02 10 -0,91 0,3856

1155 IC= glyphosate injection control, 1= glyphosate injection, SC= glyphosate spray control, S= glyphosate
1156  spray, TEC= Typha domingensis extracts control, LE5= Typha domingensis leaf extract at 5%

1157  concentration, LE10= Typha domingensis leaf extract at 10% concentration, RE5= Typha domingensis
1158 rhizome extract at 55 concentration, and RE10= Typha domingensis rhizome extract at 10%

1159 concentration, Sd Error=standard error, DF= degrees of freedom

1160
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Table 3: number of ramets of Hedychium coronarium during control experiments and
total mortality rates of laboratory experiments.

MC C1 C2 P IC | SC S TEC LE5 LE RE5 RE
10 10

Total 283 282 220 129 41 37 24 12 19 17 11 21 18
number

of

ramets

Mortali 79,9 76,2 854 853 61% 97,3 625 833 526 412 182 429 27,8
ty rate
(%)

MC= mechanical control, C1= cutting off once, C2= cutting off twice, P= pulling out, 1C= glyphosate
injection control, 1= glyphosate injection, SC= glyphosate spray control, S= glyphosate spray, TEC=
Typha domingensis extracts control, LE5= Typha domingensis leaf extract at 5% concentration, LE10=
Typha domingensis leaf extract at 10% concentration, RE5= Typha domingensis rhizome extract at 55
concentration, and RE10= Typha domingensis rhizome extract at 10% concentration

94



1171

120 ]:

100

T\...
Ve
80 %

E \.:p gemes?
v 2s
= <, T { .....
%0 60 "! - e L
% “.V J- o ) f——"’
40 \ R
. rd
\\ :l: .':r"
LY ot
\‘ ."f’
20 ~_.|_‘/’
0
May/17 Aug/17 nov/17 Feb/18 May/18
control cutl -=E--cut2 eseiies pull

117_

1173 Figure 1: Results for height (cm) variation in mechanical experiment for Hedychium
1174  coronarium control. Cut 1= cutting ramets off once a year, Cut 2= cutting ramets off
1175  twice a year and Pull= cutting ramets off and pulling rhizomes out once a year.
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1177  Figure 2: Results for diameter (mm) variation in mechanical experiment for Hedychium
1178  coronarium control. Cut 1= cutting ramets off once a year, Cut 2= cutting ramets off
1179  twice a year and Pull= cutting ramets off and pulling rhizomes out once a year.
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Figure 3: Results for height (cm) variation in glyphosate injection experiment for
Hedychium coronarium control.
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Figure 4: Results for diameter (mm) variation in glyphosate injection experiment for
Hedychium coronarium control.
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Hedychium coronarium control.
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Figure 6: Results for diameter (mm) variation in glyphosate spray experiment for
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Consideracdes finais

Hedychium coronarium, Urochloa decumbens, Melinis minutiflora e Pennisetum
purpureum tém seu funcionamento diretamente relacionado com as variaveis ambientais
estudadas, especialmente com a temperatura e podem causar impactos significativos em
zona ripéria por causa da sua alta producdo de biomassa e necromassa ao longo do ano,
especialmente H. coronarium e P. purpureum, por causa da maior producdo de
necromassa. Entre 0s possiveis impactos estdo o0 aumento da competi¢do por recursos
com outros individuos, que diminui a disponibilidade de luz e agua e dificulta seu
crescimento e reproducdo. Ja o acimulo de necromassa pode atuar como barreira para o
crescimento de espécies, impedindo a chegada de luz em certo ponto ou produzindo
substéancias fitotoxicas. Além disso, 0 aumento de aporte de nutrientes do solo pela
decomposicao de necromassa pode causar o declinio da diversidade de espécies em uma
comunidade. Portanto, medidas de controle s&o de extremo interesse para a manutencao
das areas povoadas por essas espécies.

Os experimentos de controle de H. coronarium nédo foram eficientes em matar a
espécie, mas o tratamento com injecdo de glifosato nos rizomas da planta foi o que
obteve o melhor resultado, com taxa de mortalidade de 97,3%. Outros tratamentos
também apresentaram taxa de mortalidade alta (85,4% para corte de rametas duas vezes
por ano, 85,3% para arranque de rizomas uma vez por ano, 83,3 % para spray foliar de
glifosato), os unicos tratamentos que tiveram a taxa de mortalidade menor do que o
observado nos controles foram corte uma vez por ano (76,2 % contra 79,9 % de
controle) e os tratamentos com injecdo de extrato de Typha domingensis (controle =
52,6 %, injecdo de extrato foliar a 5% de concentracdo = 41,2 %, injecdo de extrato
foliar a 10 % de concentracdo = 18,2 %, injecdo de extrato de rizoma a 5 % de
concentracdo = 42,9 % e injecdo de extrato de rizoma a 10 % de concentracdo = 27,8
%). Mesmo com essa alta taxa de mortalidade, constatamos o rebrotamento da
macrofita em todos os tratamentos, mostrando que uma ou duas aplicacdes do herbicida
ndo é eficiente para a erradicacdo. Portanto, para o uso de herbicida deve-se considerar a
localidade onde se encontra a invasdo por H. coronarium para que nao haja mortalidade
de outras espécies quando da aplicacdo do herbicida, e também a possibilidade de
multiplas aplica¢fes ou associagdo com outros métodos de controle

A melhor estratégia para diminuir o nimero de invasfes e seus impactos é a

prevencdo de entrada de espécies exoticas, bem como sua deteccdo precoce. Quando
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1261  isso ndo é possivel, qualquer medida de controle é mais efetiva quando associada a
1262  restauragdo ecoldgica da &rea em questdo, para prevenir que outras espécies invasoras
1263  ocupem o lugar e para diminuir a disponibilidade de &reas que podem ser ocupadas pela
1264  espécie a qual tenta-se controlar.
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