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RESUMO

Macrofitas aquaticas apresentam grande plasticidade denotando tolerancia a uma diversidade
condi¢cBes do ambiente. Variagbes na disponibilidade de agua em ecossistemas aquéaticos
naturais sdo condicionadas principalmente pelo clima. As mudangas climaticas tem produzido
instabilidade no clima alterando a temperatura e os periodos de chuva, dessa forma, oferta de
agua em algumas regides esta cada vez menor resultando em periodos de seca. Nesse sentido,
0 presente estudo foi realizado com a finalidade de avaliar as caracteristicas anatdmicas e
fisiolégicas foliares em Typha domingensis que denotam tolerancia a reducdo da
disponibilidade hidrica. Clones aclimatizados de T. domingensis produzidos em casa de
vegetacdo foram padronizados quanto ao tamanho e transferidos para vasos com 2,4L de
vermiculita contendo solugdo nutritiva. Diferentes niveis saturacdo do substrato foram
utilizados: alagado, 100%, 75%, 50% e 25% da capacidade de campo do substrato por 60
dias. Foram analisadas as caracteristicas anatdmicas foliares em microscopia de luz, trocas
gasosas, teor de clorofila, potencial hidrico foliar e ao final do experimento o crescimento foi
avaliado. Plantas submetidas ao alagamento e a 100% da capacidade campo apresentaram
capacidade semelhante de produzir novas plantas, em 75% e 50% essa capacidade foi
reduzida, entretanto houve crescimento populacional, e em 25% todos os individuos
morreram. A altura das plantas e a area foliar foram proporcionalmente reduzidas com
menores disponibilidades de agua em comparacdo com as plantas alagadas. Do mesmo modo,
a fotossintese e a transpiracdo total, assim como o uso eficiente da &gua reduziram em
tratamentos de maior restricdo hidrica. O potencial hidrico foliar reduziu a 75% e 50% da
capacidade de campo. A densidade estomatica reduziu nas faces abaxial e adaxial em
tratamentos com disponibilidade reduzida de &gua em relagdo as plantas alagadas. Enquanto,
a espessura do parénquima palicadico reduziu na face abaxial apenas no tratamento com 50%
da capacidade de campo. A reducdo da fotossintese em plantas de T. domingensis esta
relacionada a diminuicdo da area foliar. T. domingensis € tolerante a reducdo de 50% de agua
no substrato, entretanto 25% € limitante a sua sobrevivéncia.

Palavras-chave: Taboa. Seca. Crescimento Populacional. Trocas Gasosas. Densidade
Estomatica.



ABSTRACT

Aquatic macrophytes show great plasticity denoting tolerance to a wide range of
environmental conditions. Variations in the water availability on natural aquatic ecosystems
are regulated by the climate. Climate changes changes the temperature and rain periods
resulting in periods of drought. The present study was carried out to evaluate the anatomical
and physiological leaf traits in Typha domingensis which are related to its responses to
drought. Acclimated clones of T. domingensis were produced in greenhouse using 2.4 L pots
with vermiculite and nutrient solution. Different water saturation levels were used as follows:
waterlogged, 100%, 75%, 50%, and 25% of field capacity of the substrate. The leaf anatomy;
gas exchange, chlorophyll content, and leaf water potential, and growth were evaluated at the
end of the experiment. Plants submitted to waterlogging and 100% of the field capacity
conditions showed similar capacity to produce new plants; in 75% and 50% conditions, this
trait was reduced, but there was still a population growth. Under 25% of the field capacity
conditions, all the individuals died. Plant height and leaf area were reduced by the lower water
availability as compared to waterlogged plants. Likewise, photosynthesis and transpiration, as
well as the water use efficiency, were reduced by drought. The leaf water potential was
reduced at the 75% and 50% of the field capacity treatments. The stomatal density was
reduced on the abaxial and adaxial leaf sides under drought conditions. However, the
thickness of the palisade parenchyma was reduced only on the abaxial face on plants from the
treatment with 50% of the field capacity. The reduction of photosynthesis in T. domingensis
plants was related to the decreased leaf area. T. domingensis can overcome up to 50% of the
substrate field capacity but suffers growth limitations; however, 25% of the field capacity
limits its survival.

Keywords: Cattail. Drought. Population Growth. Gas exchange. Stomatal Density.
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PRIMEIRA PARTE

1 INTRODUCAO

Nativa da América do Sul, Typha domingensis Pers. pertencente a familia Typhaceae e
apresenta propagacdo vegetativa formando grandes populagfes nas margens de corpos
hidricos diversos (REITZ, 1984). A espécie é considerada uma bioindicadora da qualidade de
ambientes aquaticos (HEGAZY; ABDEL-GHANI; EL-CHAGHABY, 2011). Nesses locais T.
domingensis representa uma fonte de alimento e abrigo para a fauna presente (SILVEIRA et
al., 2012).

A maioria dos estudos envolvendo T. domingensis estad relacionada ao crescimento
descontrolado, fatores nutricionais e manejo da espécie. Corréa et al. (2015) avaliando o
efeito da densidade populacional na anatomia e fisiologia de T. angustifolia L. relataram que
populagdes muito adensadas apresentam maior capacidade de crescimento, em fungdo da
reducdo nas barreiras apoplésticas, conferindo eficiéncia na absorcdo de nutrientes.
Entretanto, o estresse em altas densidades populacionais condiciona o desenvolvimento de
caracteristicas anatdmicas menos funcionais para o ambiente aquatico (CORREA et al.,
2016). LimitacBes nutricionais influenciam negativamente o desenvolvimento da espécie, por
isso o crescimento descontrolado de T. domingensis vem sendo atribuido ao enriquecimento
com fosforo no ambiente (LI et al., 2010). Santos et al. (2015) e Miao, Newman e Sklar
(2000) relataram que eutrofizacdo com fdsforo aumenta a fotossintese e o crescimento de T.
domingensis. A espécie apresenta também funcdo importante na remogdo de diversos
poluentes, incluindo metais pesados, em ambientes impactados sendo comumente utilizada
com esta finalidade (CHEN; VAUGHAN, 2014).

A disponibilidade hidrica representa o fator ambiental cujos efeitos sdo mais estudados
em relagdo ao crescimento e sobrevivéncia das plantas, sendo diretamente afetada por
mudancas climaticas (SOUZA et al., 2013). Em reservatorios naturais a disponibilidade de
agua é extremamente variavel ao longo do ano afetando as espécies presentes (ESTEVES,
2011) e limitando a disponibilidade de recursos essenciais a sobrevivéncia das plantas
(DEEGAN; WHITE; GANF, 2007). A amplitude de variacdo da disponibilidade de &gua é
determinada pelo clima, que condiciona periodos incertos e irregulares de chuva tornando a
oferta de agua cada vez menor e produzindo grandes secas como em 2004-2006 no Sul e
Sudeste do Brasil (MARENGO, 2007).
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T. domingensis tolera grandes amplitudes de variagdo no nivel de &gua ndo
apresentando limitacfes com até 1,5 m de alagamento (SORRELL; HAWES, 2010). Chen,
Zamorano e Ivanoff (2013) relataram alta densidade populacional, reducdo na ocorréncia de
florescimento e do crescimento quando T. domingensis é exposta a grandes profundidades de
inundacdo. Miao e Zou (2012) observaram que plantas de T. domingensis quando alagadas
investem no aumento da parte aérea como estratégia para aumentar a captacao de luz. Chen e
Vaughan (2014) avaliando o efeito da inundacdo no crescimento da espécie relataram uma
reducdo na densidade e alongamento de brotos afetando negativamente sua propagacao.

Considerando que esta bem estabelecido que o alagamento e fatores nutricionais
possuem relacdo direta com o crescimento descontrolado de popula¢Ges naturais de T.
domingensis, a literatura dispde de um vasto acervo relatando as respostas da espécie a essas
condicdes, além de estratégias de manejo ao crescimento descontrolado visando a
conservacao dos reservatorios naturais. Por outro lado, em funcdo das mudancas climaticas a
disponibilidade hidrica em reservatdrios naturais esta cada vez menor, assim como 0s eventos
de alagamento, submetendo as macrdfitas a longos periodos de seca, tornando-se fundamental
conhecer como essa condicao afeta o crescimento e as populacfes naturais dessas especies.
Nesse sentido, o presente estudo foi realizado com a finalidade de avaliar alteracdo nas
caracteristicas anatdbmicas e fisiologicas foliares de Typha domingensis Pers. submetida a
reducdo da disponibilidade hidrica.
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2 REFERENCIAL TEORICO

2.1 Mudancas climaticas globais e a 4gua

Mudancas no clima atribuidas ao aumento do aquecimento da terra tém afetado
sistemas fisicos e biologicos gerando anomalias climaticas que interferem diretamente no
ciclo das chuvas e nas bacias hidrogréficas, levando a periodos de estiagem prolongada ou
inundacdes cada vez maiores (MARENGO, 2008). Estas mudancas podem trazer outras
consequéncias como a desertificacdo, perda da biodiversidade florestal e aumento da
incidéncia de patogenos (TUNDISI, 2008).

Os estudos sobre mudancas climéticas apontam que a precipitagdo € o elemento
climéatico mais afetado com o aumento da temperatura global. A tendéncia geral é o aumento
da evaporacdo da agua superficial resultando no aumento da precipitacdo atmosférica em
diferentes intensidades em cada regido do planeta, contudo, muitos locais tendem a
apresentar estacbes secas mais severas e estagdes umidas maiores (CECILIO et al., 2010).
Alteragdes na precipitacdo podem modificar o fluxo de rios, niveis de lagos e zonas Umidas
(MELLO et al., 2008).

A umidade do solo representa um componente essencial para a manutencdo do ciclo
hidrologico e a umidade do solo é resultante do balanco entre a precipitacdo, evaporacao,
escoamento e drenagem (MELLO et al., 2008). O aumento da precipitacdo tende a aumentar a
umidade do solo, entretanto altas temperaturas aumentam a taxa de evapora¢do reduzindo esta
caracteristica. A baixa umidade do solo representa um estresse as plantas e tem como
consequéncia imediata a inibicdo da fotossintese (CECILIO et al., 2010). Além disso, solos
mais secos aumentam o impacto e a duracdo das ondas de calor prologando os efeitos da seca
(BRABSON et al., 2005).

Grande parte da literatura disponivel acerca dos efeitos das mudancas climaticas
globais apresentam previsdes com base em modelos interpretativos passivos de muitas
discussbes (GRANDIS; GODOI; BUCKERIDGE, 2010). As mudangas nos padrdes de
aquecimento, vento e precipitacdo serdo intensas, culminando em eventos extremos do clima
que afetam diretamente a duragdo e intensidade da estacdo seca e de alagamento (IPCC,
2007). O impacto das mudancgas climaticas sobre as plantas sera decorrente do efeito triplice,
que consiste no aumento do CO, atmosférico, da temperatura e do aumento ou diminuicao da
disponibilidade de &gua (GRANDIS; GODOI; BUCKERIDGE, 2010).
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2.2 Estresse hidrico em plantas

O estresse pode ser caracterizado como uma condi¢cdo adversa que inibe o
funcionamento normal de sistemas bioldgicos (MAHAJAN; TUTEJA, 2005). Plantas
submetidas ao estresse recebem uma série de sinais celulares que desencadeiam respostas que
definem a sobrevivéncia e capacidade de adaptacdo da planta ao estresse (BENGOUGH et al.,
2006).

Ambientes alagados apresentam reducdo da difusdo de oxigénio levando a restri¢des
metabdlicas. Para atenuar os efeitos do alagamento, as plantas adaptadas a essa situacdo
alteram comportamentos geneticamente definidos em resposta as condi¢cdes adversas a
(COLMER; VOESENEC, 2009). Essas respostas em algumas espécies incluem menor taxa de
alongamento foliar, crescimento da parte aérea e taxa fotossintética em funcdo da baixa
condutancia estomatica (CAETANO; DIAS-FILHO, 2008).

Macrofitas aquaticas sdo plantas tolerantes ao alagamento e ao longo de sua evolucéo
desenvolveram caracteristicas adaptativas, como a formacdo de aerénquima que representa
uma alternativa a baixa difusdo de oxigénio em ambientes alagados e permite a flutuabilidade
dessas espécies (ESTEVES, 2011). Macrdfitas enraizadas quando alagadas em profundidades
de até 1,5 m investem em biomassa foliar como estratégia para aumentar a parte aérea e a
captacdo de luz (MIAO; ZOU, 2012). Contudo, em profundidades maiores, como
consequéncia do alagamento da parte area, ocorre uma reducdo na fotossintese e no
crescimento (CHEN; ZAMORANO; IVANOFF, 2010).

O déficit hidrico é um evento que tem impacto negativo no crescimento e
desenvolvimento de plantas. Ele esta associado a fatores como a precipitacdo, a demanda
evaporativa e a retencdo de agua no solo (FAROOQ et al., 2009). A reducdo da umidade do
solo por periodos prolongados pode promover danos mesmo em espécies adaptadas a seca.
Nessas condicbes, a planta reduz a abertura estomatica gerando conservando agua mas
reduzindo a captacdo de CO, (MAHAJAN; TUTEJA, 2005). Algumas espécies quando
submetidas ao estresse hidrico aumentam a densidade estomatica e reduzem os didmetros
equatorial e polar dos estomatos permitindo maior eficiéncia no uso da agua, ou seja, a planta
assimila carbono para a fotossintese e reduz a perda de 4gua por transpiracdo (MELO et al.,
2007).

A perda do turgor celular é a primeira resposta ao déficit hidrico, afetando diretamente
o crescimento celular que é dependente da turgidez e promovendo reducdo do tamanho e
numero de folhas (DIAS, 2008). A reducdo da area de transpiracdo € outra estratégia ao
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estresse hidrico que pode ser caracterizada por um rapido enrolamento das folhas, pela
reducdo da éarea foliar e abscisdo durante o periodo seco (PAIVA; OLIVEIRA, 2006). A
reducdo no numero de folhas diminui o consumo de energia e mais carboidratos séo

deslocados para as raizes (DIAS, 2008).

2.3 Macrofitas

Macrofitas aquéticas, plantas aquéticas ou hidrofitas sdo plantas que possuem partes
vegetativas que realizam fotossintese e crescem ativamente em condi¢Ges permanente ou
periodicamente submersas na agua ou flutuantes na superficie (ESTEVES, 2011). Tundisi,
Matsumura-Tundisi e Tundisi (2008) definem macrofitas aquaticas como organismos que
ocupam de ambientes Umidos até ambientes saturados de agua, incluindo organismos
flutuantes de pequenas dimensdes (1-5 mm) até grandes arvores. Essas plantas ocorrem em
locais como brejos, lagos, rios, cachoeiras e ambientes salobros onde contribuirem com a
diversidade bioldgica, biomassa e produtividade (HENRY-SILVA; CAMARGO, 2003).

A grande plasticidade desses organismos garantiu a aquisicdo de caracteristicas que
permitiram a colonizagdo e sobrevivéncia em locais considerados adversos para muitas
espécies e a transicdo do ambiente terrestre para o aquatico (LI et al., 2010). Macrofitas
tiveram sua origem em ecossistemas terrestres e, ao longo de sua evolugdo, adquiriram
adaptacGes que permitiram a colonizacdo de ecossistemas aquaticos. O crescimento desses
organismos varia em funcdo da espécie e das caracteristicas do ambiente como: a
disponibilidade de nutrientes, nivel de agua, tipo de sedimento e potencial de colonizacdo da
espécie (LACOUL, FREEDMAN, 2006).

Alguns estudos revelam o papel funcional das macrdfitas nos ecossistemas limnicos,
promovendo um intercdmbio entre 0s ecossistemas aquatico e terrestre. Macrofitas aquaticas
submersas, enraizadas ou emergentes se destacam no cenario mundial em funcdo de sua
importancia na remocdo de uma variedade de poluentes orgénicos e inorgénicos (DIRH;
SHARMILA; SARADHI, 2009). Macrofitas emersas em condi¢fes limitadas de nutrientes
demonstram alta capacidade de competicdo e eficiéncia na absorcdo de nutrientes
(LORENZEN et al., 2001).

VariacGes no nivel da agua em rios e reservatorios representam um fator limitante ao
desenvolvimento de macrdéfitas e tanto as espécies emergentes quanto as submersas Sao

fortemente afetadas por essa variacdo (ESTEVES, 2011). Em locais onde ha grande flutuagéo



16

no nivel de &gua a comunidade de macrdéfitas € mais diversa quando comparada com a
comunidade de ambientes estaveis (LACOU; FREEDMAN, 2006).

Em periodos de intensa precipitacdo ha um aumento no nivel dos reservatérios
restringindo a distribuicdo de algumas espécies que raramente serdo capazes de se tornar
dominantes no ambiente, favorecendo a ampla distribuicdo de outras espécies com alta
capacidade de colonizagdo e competicdo que passam a ser consideradas invasoras (PADIAL
et al., 2009). Uma estratégia para o controle do crescimento de macrdfitas é reduzir o nivel de
agua nos reservatorios, entretanto essa € uma alternativa temporéaria, pois muitas espécies
desenvolvem adaptacOes para superar a reducdo da disponibilidade hidrica (LACOU;
FREEDMAN, 2006).

A ampla distribuicdo dessas espécies é atribuida a sua capacidade de reproducédo
clonal, altas taxas de dispersdo e tolerdncia a variacbes do ambiente. Esses fatores sdo
fortemente influenciados pelo clima que determina o desenvolvimento e limita a distribuicdo
dessas espécies. A proliferacdo excessiva de macréfitas nos corpos hidricos afeta o uso da
agua em atividades importantes como: a irrigacdo, o abastecimento e a geracdo de energia
(POMPEO, 2008). Em funcdo disso, muitos estudos com macrofitas avaliam a duragdo do
periodo de inundacdo, bem como sua profundidade e periodicidade e a disponibilidade de
nutrientes, que promovem variaches na riqueza e composicao dessas espécies (ROLON;
MALTCHIK, 2006).

2.4 Typha domingensis Pers.

Nativa da América do Sul a espécie pertence a familia Typhaceae que contém apenas
0 género Typha e 15 espécies de distribuicdo cosmopolita. No Brasil, T. domingensis €
popularmente conhecida como taboa e exibe diversos sinbnimos como erva-de-esteira, pau-
de-lagoa, paineira-do-brejo e paina-de-flecha (REITZ, 1984). As espécies do género Typha
sdo morfologicamente similares e crescem em climas frios, temperados e tropicais
(ALMEIDA; OLIVEIRA; KLIEMANN, 2007). Os rizomas da espécie apresentam potencial
nutricional semelhante ao do milho e da batata, em funcéo disso T. domingensis é utilizada no
forrageio animal, outras utilizacdes incluem o seu uso como fonte de matéria prima para a
obtenc&o de celulose, e uso no artesanato (JAHAN et al., 2007).

T. domingensis é uma planta perene, herbacea, rizomatosa, aquatica, que pode atingir
até 3 m de altura e exibe propagagdo tanto por sementes quanto vegetativa. Forma

agrupamentos densos nas margens de lagos, reservatorios, canais de drenagem e varzeas, onde
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conferem abrigo para organismos diversos (ASAEDA et al., 2005). As espécies do género sao
dominantes na maioria dos ambientes aquaticos onde o nivel da &gua costuma flutuar,
colonizando areas contaminadas por diversos tipos de residuos industriais e atuando na
absorcéo de metais pesados (HEGAZY; ABDEL-GHANI; EL-CHAGHABY, 2011).

T. domingensis apresenta folhas anfiestomaticas, epiderme delgada unisseriada, com
trés camadas de parénquima palicadico e cdmaras de aerénquima que ocupam a maior parte
do mesofilo (BARROS, 2005). Os feixes vasculares sdo colaterais fechados com xilema e
floema localizados entre o parénquima palicadico das faces abaxial e adaxial (SANTOS et al.,
2015). As células epidérmicas do rizoma séo estreitas e com cuticula delgada, logo abaixo
ocorrem poucas camadas de parénquima e ha presenca de um aerénquima radiado bem
desenvolvido com camaras irregulares ocupando maior parte do cortex, a regido central do
rizoma apresenta feixes colaterais e parénquima interfascicular, enquanto a endoderme é
formada por células arredondas ou achatadas com presenca de estrias de Caspary (BARROS,
2005).

Alguns fatores exercem influéncia no desenvolvimento de T. domingensis, dentre eles
encontram-se: a nutricao, densidade populacional e periodos de alagamento (SANTOS et al.,
2015; CORREA et al., 2015; GRANDIS; GODOI; BUCKERIDGE, 2010).. Variacdes na
lamina de agua limitam a disponibilidade de oxigénio e nutrientes promovendo modificacdes
na particdo de biomassa na planta (DEEGAN; WHITE; GANF, 2007). A diminui¢do da
disponibilidade de nutrientes reduz o crescimento da espécie associado a uma reducdo da
alocacdo de biomassa para as folhas compensado por uma maior alocacdo nos rizomas
(SANTOS et al., 2015). Em condicdes de restricdo nutricional a planta inviste na producéo de
raizes, sendo maiores e mais finas que apresentam maior eficiéncia na absorcao de nutrientes
(SIMUNEK; HOPMANS, 2009).

Plantas de T. domingensis sdo influenciadas pela profundidade de inundacgéo e toleram
grandes variacdes no nivel de agua, sobrevivendo em até 1,5 m de inundacdo, entretanto em
profundidades maiores ha uma redugdo do crescimento com restritas possibilidades de
recuperacdo da planta quando a profundidade é reduzida (CHEN; ZAMORANO; IVANOFF,
2010). Plantas de T. domingensis alagadas apresentam rapido alongamento e aumento da
biomassa na parte aérea investindo na producéo de folhas a fim de aumentar a captacao de luz
e aumentando a possibilidade de sobrevivéncia (MIAO; ZOU, 2012). Entretanto, grandes
inundacgdes reduzem a capacidade de fixagdo e a incidéncia de florescimento (MONY et al.,
2010), afetando negativamente a propagacéo da espécie (CHEN;VAUGHAN, 2014).
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T. domingensis apresenta caracteristicas que denotam tolerdncia a ambientes
impactados, dentre elas estd o crescimento vegetativo rapido, alta producdo de biomassa e
alelopatia, além disso, a espécie é capaz de modificar sua anatomia e desenvolver adaptacoes
morfologicas e fisioldgicas a uma variedade de perturbacGes ambientais, sendo considerada
bioindicadora (MUFARREGE et al., 2011).
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Abstract -

Typha domingensis is a species of remarkable ecological importance and can overcome
several environmental conditions, however very little is known about its responses to drought
conditions. Likewise, this work aimed to evaluate the drought effect on the growth, leaf
anatomy, gas exchanges and water potential of T. domingensis. Plants were grown to obtain
acclimatized clones which were transferred to pots containing vermiculite and different
amounts of water as follows: waterlogged, field capacity, 75%, 50% and 25% of the field
capacity. Plants were maintained on these conditions for 60 days. Plant and population
growth were evaluated at the end of the experiment. Leaf fragments were sampled for
anatomical analysis and slides were produced with usual plant microtechnique. Images were
obtained with light microscopy and were evaluated with the UTHSCSA-Imagetool software.
Gas exchange measurements were evaluated at 30 and 60 days passed the experiment
installment. The leaf water potential was measured with a pressure pump. The data were
submitted to one-way ANOVA and the means were compared with the Scott-Knott test. T.
domingensis was able to overcome 50% reduction of the field capacity. Waterlogging or field
capacity showed similar results for growth, water potential and net photosynthesis. However,
severe drought strongly reduced plant growth. Nevertheless, the population growth was
inhibited at 50% of field the capacity and 25% of field capacity limited plant survival.
Drought reduced photosynthesis and other gas exchange parameters, leaf area and water
potential. Leaves showed lower stomatal density and palisade parenchyma under severe
drought. Therefore, T. domingensis can overcome mild drought stress; however, under severe
drought the less functional leaves limit growth of these plants.

Keywords: Cattail. Water Availability. Photosynthesis. Stomatal Density. Water Potential.
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1. Introduction

Plant species when submitted to drought show several mechanisms of tolerance relying upon
a set of morphological, anatomical and physiological modifications (Fanti and Perez, 2003).
The stomatal closure is the first response to drought; however, other responses include
changes in the leaf thickness, leaf area and reduced transpiratory and photosynthetic rates
(Vasellati et al., 2001). The majority of physiological changes results on growth reduction and
modifications of the dry mass allocation pattern (Fanti and Perez, 2003).

T. domingensis Pers. (Typhaceae) is native from South America which plays important roles
in aquatic ecosystems (Cervi et al., 2009). These plants show high growth capacity and
colonize large areas leading to an invasive potential and difficult eradication (Hegazy et al.,
2011). However, reduced growth is found on T. domingensis under increased flooding depth
(Chen et al., 2010; Chen et al., 2013). Likewise, T. domingensis shows reduced growth under
both high or low phosphorus levels which are related to its leaf anatomy and photosynthesis
(Santos et al., 2015). Furthermore, the competition under high population densities promotes
modifications on the leaf and root anatomy of Typha species (Corréa et al., 2015). Therefore,
this species responds to environmental conditions with modifications on its anatomy and
physiology.

Wetlands can show fluctuations in the water level which modify the flooding depth, exposing
the macrophyte populations to limitated nutrient and oxygen conditions (Esteves, 2011). T.
domingensis can overcome variations of the flooding depth up to 1.5 m, however, higher
flooding levels reduce its growth potential (Chen et al., 2010). In addition, T. domingensis
under shallow flooding shows higher population density and increased flooding depths reduce
its growth, root biomass and photosynthesis (Chen et al., 2013). Thus, T. domingensis
responds negatively to flooding levels, in despite, its responses to drought had never been
investigated.

There is a current discussion worldwide about the climate changes perturbation on
temperature and rain season reducing the water supply to environments resulting in increased
drought events (Marengo, 2008); This effect was remarkable since 2011 to brazilian southeast
region. This climatic changes characterized by increased temperature and drought periods
lead to a reduction of the water level in wetlands followed by an intense colonization of T.
domingensis populations. We hypothesize that when submitted to drought the species presents
anatomical and physiological modifications to overcome this condition and survive.

Therefore, the objective of this work was to evaluate the drought effects on the growth of



26

Typha domingensis and how the photosynthesis, water potential and leaf anatomy are related

to its survival under these conditions.

2. Experimental

2.1 Plant material and experimental design

T. domingensis plants (Typha domingensis Pers.) were collected from natural populations in
wetlands located at the Federal University of Lavras, Lavras, State of Minas Gerais, Brazil
(21°14°43”S, 45°59°59”W). The sampled plants were comprised of rhizomes (25 cm in length
and 3 cm in diameter) roots and about ten leaves (1.5 m in length). The plants were washed
with tap water and grown in a greenhouse with nutrient solution (Hoagland and Arnon, 1950)
with 40% ionic strength for 60 days to obtain acclimatized clone plants

The acclimatized clones were standardized according to size (rhizomes 5 cm length), number
of leaves (5 leaves approximately 20 cm tall) and transferred to 4 L pots, containing 2.4 L
vermiculite. The vermiculite received different amounts of water. It was necessary to establish
the vermiculite field capacity (FC) following this method: the FC was determined as the
maximum volume of water held by 1 L of vermiculite when saturated, when the water content
was sufficient to hold the maximum moisture but not produces a layer in the bottom of the
pot. For the medium vermiculite used in this experiment the FC was determined as 430 mL of
water per liter of vermiculite. The volume of nutrient solution added to vermiculite was
controlled to obtain five water conditions as follows: waterlogged (higher than the field
capacity producing a layer 5 cm above the vermiculite surface), field capacity (FC= 100%),
75%, 50% and 25% of the FC. The water lost by evapotranspiration, determined by the
difference of mass of each pot, was replenished daily and the nutrient solution was replaced
weekly. Plants were maintained in these conditions for 60 days. The experimental design was
completely randomized with five treatments and seven replicates were the experimental plot

consisted of one plant per replicate.
2.2 Growth analysis
The height of the plants, number of leaves and number of new plants produced were evaluated

weekly for 60 days. At the end of the experiment, plants were sampled and separated into

leaves, rhizome and roots. The fresh leaves were scanned and the images used to measure the
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leaf area with the UTHSCSA-ImageTool software (The University of Texas Health Science
Center, San Antonio, Texas, USA). Further, leaves, rhizomes and roots were oven-dried at
60°C until constant mass and weighted in analytical scale (AY220, Shimadzu, Japan). The
relative growth rate (RGR) and the leaf area ratio (LAR) were calculated according to Hunt et
al. (2002) and the net assimilation rate (NAR) was calculated by the product of RGR by LAR
(RGR*LAR). The allocation of biomass was calculated for each organ by dividing its dry
mass by the whole plant dry mass and the results shown in percentage (Santos et al. 2015) as
follows: allocation (%) = (DMO/DMP)*100, were: DMO = dry mass of the organ (leaves,

rhizomes or roots) and DMP = plant dry mass).
2.3 Gas exchange evaluation

The gas exchanges were analyzed using an infrared gas analyzer (IRGA), model LI-6400XT
(Li-COR Biosciences, Lincoln, Nebraska, EUA). Data sampling was performed passed 30 and
60 days from the start of the experiment in two full expanded leaves of one plant per replicate.
The evaluation was performed from 8-10 am and the photosynthetic photon flux density was
fixed at 1000 pmol m?s * in the device chamber. The PPFD was chosen from previous light
saturation tests to these plants avoiding photoinhibition or a lack of radiation (Santos et al.,
2015). The following characteristics were evaluated: stomatal conductance (gs), transpiration
(E) and net photosynthetic rates (Pn). The water use efficient (WUE) was calculated by the
ratio between photosynthesis and transpiration (Pn / E). The whole plant photosynthesis was
calculated by the product between photosynthetic rate and leaf area (Pn*Leaf area) and the
whole plant transpiration by the product between transpiration rate and leaf area (E*Leaf

area).
2.4 Water potential measurement

The leaf water potential (WYw) was measured at the end of the experiment (60 days) with a
pressure pump SEC-3115-P40G4V (Soilmoisture, Santa Barbara, USA). The measurements
were performed at the first hour of the day, between 5 and 6 am., in one leaf of one plant per

replicate.
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2.5 Anatomical analysis

For the anatomical analysis, fragments of the median region of the first fully expanded leaf
developed at experimental conditions were sampled and fixed in a solution of formaldehyde,
acetic acid and 70% ethanol (F.A.A. 70) and further stored in 70% ethanol (Kraus and Arduin,
1997). Samples were obtained at 30 and 60 days from the beginning of the experiment of one
plant by replicate. Paradermal leaf sections were obtained using steel blades on both the
abaxial and adaxial surfaces, and stained with 1% aqueous safranin. Cross sections were
obtained from the middle region of the leaf and stained with safrablau solution (1% safranin
and 0.1% astra blue in a 7:3 ratio). The sections were clarified with 50% sodium hypochlorite
and washed in distilled water twice for 10 min, stained and mounted on slides with 50%
glycerol (Johansen, 1940). The slides were photographed using a light microscope Olympus
CX31 (Olympus, Tokyo, Japan). Images were used to evaluate the leaf anatomical
modifications. For each replicate, we evaluated five sections and five fields; however, data
was averaged to one replicate. The UTHSCSA-ImageTool software (The University of Texas
Health Science Center, San Antonio, Texas, USA) was used for image analysis. The
following anatomical traits were evaluated: the number of stomata, the number of epidermal
cells, the stomatal length and width, the stomatal index (SI) and density (SD), the palisade
parenchyma thickness in both adaxial and abaxial leaf sides and the aerenchyma percentage in

area.

2.6 Statistical analysis

The experimental design was completely randomized with five treatments and seven
replicates and the experimental plot was comprised of one plant for each replicate. All data
obtained was averaged to one replicate. Data was submitted to one-way ANOVA and the
means were compared by the Scott-Knott test at 5% of significance using the Sisvar statistical

software (Ferreira, 2011).

3. Results

Plants submitted to waterlogging and the 100% of FC produced similar number of new plants

(Figure 1). However, 75% and 50% of FC reduced both the number of new plants and
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population growth (Figure 1). Likewise, 25% of FC promoted severe stress as all plants from
this treatment died passed 15 days after the experiment was installed.

6 =
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5 a Total plants in the population
a
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Fig.1. New plants produced and population growth of T. domingensis under different water
availabilities. Means followed by the same letter within treatments do no differ by the Scott-
Knott test (P<0.05). Bars= standard error.

The plant height was reduced by drought and the tallest plants were found at the waterlogged
treatment (Table 1). In plants grown at 100% and 75% of FC the height was 50% lower as
compared to waterlogged ones and 50% and 25% of FC reduced this variable by 70% (Table
1). The biomass allocation to leaves was reduced under 50% and 25% of FC as compared to
treatments with higher water availability. In addition, 75% and 50% of FC increased the
biomass allocation to the rhizomes (Table 1). However, the biomass allocation to roots was
reduced at 100%, 75% and 50% of FC. The leaf area, relative growth rate and net assimilation
rate were proportionally reduced under lower water availabilities as compared to waterlogged
plants (Tablel).



Table 1. Growth parameters of T. domingensis grown under different water availabilities. Data is shown as means + standard deviation.

30

Parameters Waterlogged Field capacity 75% 50% 25%

Plant height (cm) 144.14+19.24 a 75.46+15.57 b 60.43+4.38 ¢ 47.79+£1.70 d 43.79+5.05 d
Leaf biomass allocation (%) 54.97+12.29 a 58.18+10.20 a 56.44+3.42 a 41.84+£12.21Db 44.16x£11.89 Db
Rhizome biomass allocation (%) 11.25+3.61 b 17.16+2.14 b 20.59+6.53 a 27.36x£8.71 a 13.94+13.70 b
Root biomass allocation (%) 33.77+11.44 a 24.66+9.34 b 22.96+6.73 b 30.79+13.46 b 41.89+12.76 a
Leaf area (cm?plant™) 654.06+£150.77 a 393.82+71.39 b 206.37+105.98¢c  99.11+65.31 d 55.97+9.41d
RGR (g day™) 0.057+0.005 a 0.040+0.004 b 0.027+0.010 ¢ 0.016+0.007 d 0.004+0.003 e
NAR (g cm™ day™) 1.41+0.30 a 1.13+0.18 b 0.73+0.29 ¢ 0.43+0.26 d 0.13+0.09 e

RGR= relative growth rate; NAR= net assimilation rate. Means followed by same letters in rows do not differ by the Scott-Knott test (P<0.05).
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The chlorophyll content showed higher means in plants from 100% and 75% of FC (Table 2).
The photosynthetic rate (Pn) showed the highest means for plants grown at 100% of FC and
the lowest at drought treatments (Table 2). Interestingly, the whole plant photosynthesis was
reduced at 100% FC as compared to waterlogged plants and lower water availabilities (75%
and 50%) further reduced this parameter (Table 2). No significant modification was found for
the transpiration (E) and stomatal conductance (gs) (Table 2). However, reduced means were
found for the whole plant transpiration of plants grown at 75% and 50% of FC (Table 2). The
water use efficient (WUE) was higher on waterlogged plants as compared to plants grown at

lower water availabilities (Table 2).



Table 2. Gas exchange parameters and chlorophyll content in T. domingensis plants under different water availabilities. Data is shown as means

+ standard deviation.

Variables Waterlogged Field capacity 75% 50%
Chlorophyll (SPAD) 33.77£6.26 b 42.43+4.63 a 40.7445.12 a 34.92+12.17 b
Pn (umol CO, m?s™) 13.52+4.87 b 15.94+2.38 a 11.00+£5.94 c 9.48+7.81c
Whole plant photosynthesis (umol CO, s™) 0.91+0.38 a 0.63+0.12 b 0.22+0.13c 0.09+0.06 ¢

E (mmol H,0 m?2s™) 9.50£7.02 a 11.20+4.83 a 9.431+6.19a 8.2615.86 a
0s (umol H,0 m?s™) 0.34+0.30 a 0.39£0.26 a 0.37£0.32 a 0.48+0.47 a
Whole plant transpiration (umol H,O s™) 0.66+0.49 a 0.44+0.09 a 0.19+0.14 b 0.08+£0.05 b
Water use efficiency (um CO, mmol H,0) 2.45t1.75a 1.64+0.59 b 1.04+2.05 b 0.96+0.40 b

Means followed by same letters in rows do not differ by Scott-Knott (P<0.05).
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T. domingensis grown at 100% of FC showed similar means as compared to waterlogged
plants whereas this parameter decreased in plants submitted to 75% and 50% of FC (Table 3).

Table 3. Water potential of T. domingensis under different water availabilities. Data is shown

as means = standard deviation.

Water treatment Y (MPa)

Waterlogged -0.67+0.28 a
Field capacity -0.48+0.08 a
75% -0.92+0.09 b
50% -1.08+0.19 b

Means followed by same letters in column do not differ by Scott-Knott (P<0.05).

The stomatal index (SI) of T. domingensis did not show significant differences between
treatments on both leaf sides surfaces whereas the stomatal density (SD) reduced on both the
abaxial and adaxial faces in plants grown under drought (Table 4). The ratio between the
stomatal length and width (L/W) on both leaf sides was higher for plants grown under
waterlogging and 100% of FC (Table 4).



Table 4. Stomatal index (SI), stomatal density (SD) and the ration between stomatal length and width (L/W) of T. domingensis plants under

dfferent water availabilities. Data is shown as means + standard deviation.

Variables Abaxial Adaxial

SI(%) SD (stomata mm?) L/W S1(%) SD (stomata mm?) L/W
Waterlogged 13.40+2.10 a 262+51.77 a 2.54+0.22 a 13.35+2.57 a 272+42.17 a 2.37£0.25a
Field capacity 12.54+2.39 a 219+41.43b 2.43+0.22 a 12.79+2.69 a 213+47.97 b 2.23x0.22 a
75% 11.64+2.29 a 205+50.93 b 2.12+0.25b 11.68+3.11a 198+53.71 b 2.06£0.13 b
50% 11.62+3.50 a 170+£89.69 b 2.21+0.26 b 11.17+5.05a 1714£96.15 b 2.05+0.18 b

Means followed by same letters in rows do not differ by Scott-Knott (P<0.05).
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The thickness of the palisade parenchyma was reduced only for plants under 50% of FC on
the leaf abaxial side (Table 5). The aerenchyma proportion did not show significant

differences among the treatments (Table 5).

Table 5. Palisade parenchyma thickness and aerenchyma proportion of T. domingensis leaves

grown under different water availabilities. Data is shown as means + standard deviation.

Palisade parenchyma thickness Aerenchyma proportion (%)
Water treatments  Abaxial Adaxial
Waterlogged 93.40+9.61 a 90.22+6.36 a 46.0+0.12 a
Field capacity 95.01+£7.80 a 93.15+5.67 a 40.0+£0.08 a
75% 92.3349.80 a 92.31+8.56 a 40.0+0.08 a
50% 82.40+16.0 b 91.4149.87 a 39.0+0.10 a

Means followed by same letters in rows do not differ by Scott-Knott (P<0.05).

4. Discussion

The T. domingensis growth as well as other macrophytes is influenced by the rate and depth
of flooding events (Degan et al., 2007; Thomaz, 2002) and flooding depth may cause reduced
growth on T. domingensis plants (Chen et al.,, 2010; Chen et al., 2013). However, no
information is found on the previous works about the drought effects on T. domingensis.
Interestingly, the present study showed that T. domingensis plants shows tolerance to mild
drought levels.

Drought is a limiting factor for T. domingensis growth once at higher water availabilities
increased in growth was found. However, T. domingensis plants survived at up to 50%
reduction of FC showing tolerance to drought. In despite, results show that 25% of FC causes
severe water limitation in such level that T. domingensis plants are unable to survive.
According to Li et al. (2004) Typha latifolia plants continuously grow when waterlogged,
however, when exposed to periodic drought reduced growth is found. In contrast, Chen et al.
(2013) reported that T. domingensis subjected to long flooding periods shows lower growth
which was related to decreased photosynthesis and biomass allocation to roots. The reduced
leaf biomass at 50% and 25% of FC is a common energy and survival strategy for



36

macrophytes under higher water depths (Miao and Zou, 2012). The growth reduction is one of
the most common responses to plants under drought (Vasellati et al., 2001). However, the
survival of macrophytes at this condition is uncommon. T. domingensis shows interesting
responses to drought which supports its tolerance to mild drought stress for relatively long
periods (60 days).

The leaf area is an important trait on leaf adaptation to environment changes and is related to
plant growth, light interception, photosynthetic efficiency and transpiration (Fialho et al.,
2011). Reduced leaf area is one of the most common responses to drought due to the
limitation of the area for transpiration (Clauw et al., 2015). The decrease of both the whole
plant photosynthesis and transpiration at lower water availabilities is related to the smaller
leaf area causing limitations to photosynthesis and growth whereas reducing the water loss.
This response mechanism is found in drought-tolerant species and is important to T.
domingensis to limit water loss under mild drought condition.

The chlorophyll content seems to be little related to photosynthesis limitations on T.
domingensis under drought conditions. This result is supported by Li et al. (2004) whose
showed little involvement of chlorophyll content on the photosynthetic rate for this species.
Such results give insight that photosynthesis limitation in T. domingensis is related to
different leaf traits. Machado et al. (2002) shows that reduced photosynthesis under water
deficiency may be related to stomatal or mesophyll limitations. Dias and Marenco (2006)
attributed the reduction of photosynthesis in plants submitted to drought mainly to stomatal
limitations. In fact, reduced stomatal conductance is an adaptation of plants under water stress
to reduce water loss through transpiration (Costa and Marenco, 2007). Likewise, Oliveira et
al. (2002) studying peach palm plants under conditions of moderate drought showed reduced
stomatal conductance, and transpiration and photosynthetic rates. Interestingly both the whole
plant photosynthesis and transpiration of the T. domingensis also seems to be limited by the
leaf area. However, by reducing the leaf area the total number of stomata on leaf surface is
also reduced with remarkable effect on water loss.

When the transpiration is reduced, the water use efficiency (WUE) is expected to increase
(Oliveira et al. 2002). However, T. domingensis showed reduced WUE under drought
conditions which may be related to its typical behavior as a water macrophyte. This result
shows that T. domingensis may not support too long drought periods but a shorter time
followed by re-hydratation, however, this may be further investigated.

The T. domingensis plants were able to maintain the leaf water potential at 100% of FC

whereas stronger water limitation causes reduction of this variable. That capacity to maintain
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leaf water potential shows that no real limitation was found for plants under 100% of FC as
compared to the waterlogged ones. Reduced leaf water potential is a common response to
drought even on tolerant species as shown by Deuner et al. (2011) for coffee plants. In
adition, maize genotypes under drought showed reduced leaf water content, leaf area and dry
mass production (Costa et al., 2008). Furthermore, according to Gongalves et al. (2010) the
drought condition can reduce the stomatal conductance in maize. This can lead to lower water
content in leaves and reduced water potential and photosynthesis. However, the reduced leaf
area contributed to maintain the water status and growth for T. domingensis under 100% of
field capacity. In despite, under drought T. domingensis was unable to regulate its water loss
suffering limitation. This shows that waterlogged and 100% of FC shows similar condition to
maintain water status in T. domingensis plants.

The stomatal traits are very important to understand plant responses to drought and T.
domingensis seems to loose stomatal efficiency under this condition. Some studies have
shown that drought promotes increased stomatal density (Yang and Wang, 2001; Zhang et al.,
2006) reducing water loss. However, under lower water availabilities T. domingensis reduced
the stomatal density in both leaf surfaces. T. domingensis is unable to increase the stomatal
density under drought due to its water macrophyte origin which shows a specific limitation of
macrophytes. The lower number of stomata in T. domingensis leaves must remain opened for
longer times, making it difficult to control transpiration.

The palisade parenchyma was reduced mainly in the leaf abaxial side of the plants from
treatments with the lowest water availability. Drought-tolerant plants such as olive tree can
increase palisade parenchyma thickness under water stress (Guerfel et al., 2009). The net
photosynthesis is strongly related to palisade parenchyma in T. domingensis (Santos et al.
2015). This is related to biochemical factors such as the RuBisCo or photochemical reactions
(Valladares and Pearcy, 1997).Therefore, the reduction of palisade parenchyma may also be
related to lower photosynthetic rates for T. domingensis under drought condition.

Therefore, the aquatic macrophyte Typha domingensis can survive to drought up to 50% of
the substrate field capacity. Severe drought (25% of the field capacity) limits T. domingensis
survival. Water availabilities of 75% or 50% reduce plant growth related to lower
photosynthesis and leaf area. The anatomical data show that T. domingensis leaves lacks the
plasticity to modify tissues that can help overcome drought effects. Plants at 50% of the field

capacity show limitation for the population growth.
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