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Resumo

Diversos estudos mostram que o aumento de radiacdo UVB pode ser prejudicial as
plantas agricolas dependendo de suas espécies e cultivares. Também pode afetar a
fotossintese e bioquimica delas, sendo capaz de alterar sua produtividade comercial.
No presente estudo, plantas de berinjela (Solanum melongena L.) foram usadas com
0 objetivo de investigar as alteragbes ocorridas nas folhas ap6s a exposicdo a
radiacdo UVB. Mudas com 40 dias de idade foram colocadas em gabinete com luz
fluorescente branca (40 w) para o controle e, para o tratamento, a luz branca foi
suplementada com lampada de radiacdo UVB (8 w, 306 nm) com exposi¢cao por 6
horas diarias durante 49 dias. Foram realizadas medidas de trocas gasosas,
fluorescéncia da clorofila, anatomia e quantificacdo de enzimas antioxidantes ao final
do experimento. Dentro dessas andlises foram avaliadas a fotossintese liquida (A),
condutancia estomatica (gs), transpiracao (E), concentracéo intercelular de CO, (Ci)
e eficiencia de carboxilagdo (A/Ci). Os parametros da fluorescéncia foram: a
eficiéncia fotoquimica maxima do fotossistema Il (PSIl) (Fv/Fm), o rendimento
quantico efetivo do PSII (®PSII), rendimento quéntico da dissipacdo ndo fotoquimico
nao regulado (®NO), o rendimento quantico da dissipacdo nao fotoquimico regulado
(PNPQ) e a taxa de transporte de elétrons (ETR). Para a anatomia foliar foi medido
a espessura do limbo foliar, espessura da epiderme da face abaxial, espessura da
epiderme da face adaxial, espessura do parénquima palicadico, espessura do
parénquima esponjoso, proporcdo entre parénquima palicadico e parénquima
esponjoso, proporcao do espaco intercelular do parénquima palicadico, propor¢cao
do espaco intercelular do parénquima esponjoso, largura do cloroplastideo do
parénquima palicadico, comprimento do cloroplastideo do parénquima pali¢cadico,
largura do cloroplastideo do parénquima esponjoso, comprimento do cloroplastideo
do parénquima esponjoso, numero de cloroplastideo no parénquima palicadico e
namero de cloroplastideo no parénquima esponjoso. Foi quantificada a atividade das
enzimas antioxidantes, SOD, CAT e APX e peroxidacéo lipidica. Houve decaimento
na taxa fotossintética e na eficiéncia de carboxilagdo nas plantas tratadas com UVB,
ndo havendo modificagdo na condutancia estomatica e transpiracdo e obtendo
acumulo de CO; nas folhas. Pela anélise de fluorescéncia, as folhas apresentaram
menor taxa de transporte de elétrons e houve diminuicdo da eficiéncia dos
fotossistemas na conversao da energia para produtos fotoquimicos. A epiderme
abaxial ficou muito degradada. O parénquima palicadico se tornou a primeira
barreira contra a radiacdo UVB, se tornando menor e mais compacto a fim de
diminuir a incidéncia sobre o parénquima esponjoso e assim continuar a sua
atividade fotossintética. O acumulo de CO, indica que as enzimas fixadoras,
perderam sua capacidade de carboxilacéo, dado pela queda de 80% na eficiéncia de
carboxilacdo. O excesso de elétrons provocado pelos danos nos fotossistemas e a
falta de carboxilacéo, leva-se a acreditar que geraram EROs. Houve um aumento de
SOD e APX e uma diminuicdo de CAT. Por conta do decréscimo da atividade de
CAT, a APX teve que compensar sua falta. Afirma-se que a radiacdo UVB, mesmo
em baixa dose, afetou negativamente as plantas de berinjelas. Portanto, conclui-se
gue o aumento da incidéncia de UVB, ira ser prejudicial a producdo econdmica de
plantas de berinjela, com menores biomassas e como consequéncia menor
produtividade.



Palavras-chave: Solanum melongena, UVB, trocas gasosas, fluorescéncia da
clorofila, anatomia foliar, enzimas antioxidantes



Abstract

Several studies show that the increase of UVB radiation can be harmful to
agricultural plants depending on their species and cultivars. It can also affect the
photosynthesis and biochemistry of them, being able to change their commercial
productivity. In the present study, eggplant plants (Solanum melongena L.) were
used to investigate changes in leaves after exposure to UVB radiation. 40 days old
seedlings were placed in a white fluorescent cabinet (40 w) for control and for
treatment the white light was supplemented with a UVB (8 w, 306 nm) lamp with
exposure for 6 hours daily for 49 days. Measurements of gas exchange, chlorophyll
fluorescence, anatomy and quantification of antioxidant enzymes were performed at
the end of the experiment. Within these analyzes were evaluated liquid
photosynthesis (A), stomatal conductance (gs), transpiration (E), intercellular CO2
concentration (Ci) and carboxylation efficiency (A/Ci). The fluorescence parameters
were: the maximum photochemical efficiency of photosystem Il (PSIl) (Fv / Fm), the
effective quantum yield of PSIl (®PSll), quantum yield of non-photochemical
dissipation (®NO), quantum yield of non-photochemical regulated dissipation
(PNPQ) and the electron transport rate (ETR). For the leaf anatomy, the thickness of
the leaf limb, thickness of the epidermis of the abaxial face, thickness of the
epidermis of the adaxial face, thickness of the palisade parenchyma, thickness of the
spongy parenchyma, proportion of palisade parenchyma and spongy parenchyma,
proportion of the intercellular space of the parenchyma palisade parenchyma width,
chloroplast length of the palisade parenchyma, width of the chloroplast of the spongy
parenchyma, length of the chloroplast of the spongy parenchyma, number of
chloroplast in the palisade parenchyma and number of chloroplast in the parenchyma
spongy. The activity of antioxidant enzymes, SOD, CAT and APX and lipid
peroxidation were quantified. There was a decrease in the photosynthetic rate and in
the efficiency of carboxylation in plants treated with UVB, with no change in stomatal
conductance and transpiration and obtaining CO, accumulation in the leaves. By the
fluorescence analysis, the leaves presented a lower rate of electron transport and
there was a decrease in the efficiency of the photosystems in the conversion of
energy to photochemical products. The adaxial epidermis was much degraded. The
palisade parenchyma became the first barrier against UVB radiation, becoming
smaller and more compact in order to decrease the incidence on the spongy
parenchyma and thus continue its photosynthetic activity. The accumulation of CO,
indicates that the fixing enzymes have lost their carboxylation capacity, given by the
80% drop in the carboxylation efficiency. The excess of electrons caused by the
damages in the photosystems and the lack of carboxylation, leads one to believe that
they generated EROs. There was an increase in SOD and APX and a decrease in
CAT. Due to the decrease in CAT activity, APX had to compensate for its lack. It is
stated that UVB radiation, even at low dose, negatively affected the vitality of the
eggplants. Therefore, it is concluded that the increase in UVB incidence will be
detrimental to the economical production of eggplant plants, with lower biomass and
consequently lower productivity.

Key-words: Solanum melongena, UVB, photosynthetic rate, chlorophyll
fluorescence, leaf anatomy, antioxidant enzymes.
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Capitulo 1

1. Introducao

As mudancas ocorridas no meio ambiente afetam severamente o
metabolismo das plantas, podendo causar estresses ou nao. Isso ira depender
da tolerancia que a planta possui para suportar as alteragbes no ambiente.
Estudos desde 1960 mostram que a camada de 0z6nio estd sendo destruida
(BAIS et al. 2015), e assim provocando uma maior incidéncia de radiacao
ultravioleta B na superficie terrestre (BALLARE et al., 2011).

A maior incidéncia de radiacdo UVB pode causar alteracdes nas plantas
trazendo o beneficio ou prejuizo (THOMAS & PUTHUR, 2017), principalmente
em plantas de cultura, no qual se tem o interesse em produtos econémicos e a
UVB pode causar danos a producao de diversas espécies agricolas (WANG &
FREI, 2011).

A berinjela é cultivada mundialmente, principalmente nos paises
asiaticos, onde € originaria (JAVED, 2017). O maior interesse em frutos de
berinjela surgiu ap6s a medicina popular afirmar que ela possui diversos
beneficios para a salde humana e assim estudos atuais realmente mostram
que sua producdo de metabolitos secundéarios € importante para nossa saude
(KAUSHIK et al., 2017; RAO & KUMAR, 2017). Como entdo a producao de
berinjela tem aumentado nos dltimos anos, procurou-se investigar a partir
dessa pesquisa os efeitos que o possivel estresse por radiacdo ultravioleta B
poderia causar em plantas de berinjela, para saber como a planta se

aclimataria em um futuro com uma alta incidéncia de UVB.
2. Reviséo de literatura
2.1 Solanum melongena L.
Solanum melongena L., conhecida como berinjela, é uma espécie

pertencente a familia da Solanaceae, assim como outras espécies agricolas

pimentéao, jilo, tomate, batata, tabaco e Physalis (HINNAH, 2014). A espécie €
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originaria na India, mas foi introduzida no Brasil pelos portugueses no século
XVI (EMBRAPA HORTALICAS, 2008).

As folhas de berinjela s&o simples, com limbo foliar de formato ovado ou
oblongo-ovado, e, dependendo da espécie, pode apresentar espinhos (SILVA
et al.,, 2012). A planta possui ramificacbes bem desenvolvidas, sistema
radicular pivotante e profundo, com flores hermafroditas e baixa incidéncia de
polinizagdo cruzada. Os frutos sdo bagas carnosas, de formato e cores
variadas, dependendo da espécie, mas a mais conhecida e vendida é a roxo-
escura com calice verde e formato alongado (BOSCO et al, 2009).

As plantas hibridas sdo as mais utilizadas pelo mercado brasileiro, por
conta da sua alta vigorosidade, maior produtividade e tolerancia as pragas e
doencas, uniformidade das plantas e frutos e maior adaptacédo a diferentes
condicBes edafoclimaticas (ANTONINI et al., 2002; EMBRAPA HORTALICAS,
2017). Os hibridos F1000, Super F100, Napoli e Cica tém sido os mais
cultivados no Brasil atualmente (WEBER et al, 2013).

A berinjela € uma cultura olericola muito importante no Brasil e no
mundo, sendo sua producdo de grande relevancia em regiées tropicais e
subtropicais. Ela é cultivada principalmente em paises como india, Bangladesh,
Paquistdo, China, Filipinas, Egito, Franca, Itdlia e Estados Unidos (RAO &
KUMAR, 2017). Cerca de 50% da producdo mundial se encontra no sudeste
asiatico e € muito utilizada para alimentacdo de pessoas de varias classes
sociais, onde a queda de sua producdo pode levar a sérios prejuizos para a
economia e para a populacdo (JAVED, 2017).

O aumento do interesse nos frutos da berinjela se deve aos nutrientes
que a fruta contém. Na medicina popular € usada por conter substancias que
ajudam a combater o colesterol e com propriedades bioativas derivadas de
altos conteudos de compostos fenélicos (KAUSHIK et al., 2017).

Em 2016, de acordo com o Instituto de Economia Agricola, no estado de
Sao Paulo, os sistemas de produgcdo de berinjela ocuparam uma éarea de

1.477,40 ha, e produziram cerca de 49 t de berinjela no ano.
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2.2 Radiacao ultravioleta e as mudancas climaticas

O Sol emite energia em praticamente todos os comprimentos de onda
do espectro eletromagnético. Aproximadamente 44% de toda essa energia
emitida se concentram entre 400 e 700 nm, denominado como espectro visivel
de energia (INPE, 2015). No espectro eletromagnético, a radiacdo ultravioleta
(UV) é a parte referente a os comprimentos de onda entre 100 e 400 nm e
pode ser divididos em trés intervalos: UV A (400 — 320 nm), UV B (320 — 280
nm) e UV C (280 — 100 nm) (KATARIA; JAJOO; GURUPRASAD, 2014).

A camada de oz6nio esté localizada na altitude entre os 25 e 35 km da
estratosfera da Terra (OKUNO & VILELA, 2005). O ozbnio (O3) é formado
através da juncao de um a molécula de O, (oxigénio) com um atomo de O e
este ultimo, é formado a partir da quebra de uma molécula de O, por um féton
de UV com comprimento de onda menor que 242 um. A destruicdo do O3
provém de um féton de comprimento de onda menor que 315 pum, onde é
dissociado em O e O.

Portanto, na camada de 0z6nio ocorre o equilibrio entre a destruicdo e a
formacdo das moléculas de ozénio (O3), fazendo com que haja a absor¢cédo de
todo o UVC e parte da UVB que chega a superficie da Terra (MMA, 2015).

O aumento de substancias que degradam o ozonio (ODSs), como o0s
clorofluorcarbonetos e hidrocarbonetos que chegam a estratosfera, interagem
com o O3, e degrada seu acumulo na camada, ou seja, hd uma diminuicdo na
espessura da camada e assim uma maior incidéncia de radiacdo UVB chega a
superficie da Terra (CHOUDHARY & AGRAWAL, 2017). Esse aumento de
radiacdo ultravioleta € mostrado por satélites e modelos matematicos entre os
anos de 1979 e 2008, em todas as latitudes, mas principalmente nas latitudes
médias e altas do hemisfério sul (BALLARE et al., 2011).

Em 1987, foi criado o Protocolo de Montreal, o qual visa a protecao da
camada de ozbnio e assim, a diminuicdo da incidéncia de radiacdo UV na
superficie terrestre, na tentativa de varios paises eliminarem a emissdo dos
CFCs, HCFCs e outras DOSs de seus rejeitos industriais (PREVIDI &
POLVANI, 2017). Pode-se dizer que o tratado teve um bom resultado,

evidenciando-se que os esforcos feitos pelos paises que assinaram o tratado,
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provocaram um controle significativo no decréscimo das DOSs e
consequentemente, uma melhora no clima local, como a menor intensidade
dos ciclones tropicais e a menor quantidade de substancias do efeito estufa na
atmosfera (NEPPE UNITED, 2017; PREVIDI & POLVANI, 2017).

Apesar das diferencas positivas encontradas em pesquisas recentes, as
mudancas na nebulosidade, nos padrées de circulacdo atmosférica, a
influéncia das mudancas climaticas e a variabilidade da atmosfera tornam os
dados imprecisos para ter a certeza de que a coluna total de o0z6nio esta
mesmo se recuperando. Em pesquisa feita pela andlise de gelo, concluiu-se
gue quatro novas substancias estdo sendo geradas em substituicdo aos ja
conhecidos CFCs e HCFCs e que possuem potencial de continuar o processo
de deplecdo da camada de ozbnio. Portanto, varios fatores podem causar a
maior incidéncia de UVB na Terra, induzindo assim a falta de certezas sobre o
futuro da climatologia da UV (APHOLO et al., 2015; BAIS et. al, 2014; LAUBE
et al., 2014).

2.3 Impactos do aumento da radiacao ultravioleta sobre os vegetais

Com o aumento da atividade humana, diversos estresses abiéticos estéo
se tornando cada vez mais graves e perigosos para as plantas que recebem
diretamente todo o efeito delas, e assim ha uma grande preocupagcdo com a
producdo de alimentos, pois é calculado que até 2050 haverd cerca de 9
bilhdes de pessoas no mundo (THOMAS & PUTHUR, 2017).

Muitos estudos mostram que diversas espécies, de culturas e florestais
podem ter sensibilidade ou n&o a radiagdo UV, porém isso € variavel de acordo
com a espécie, a cultivar e as condicbes de crescimento (KATARIA; JAJOO;
GURUPRASAD, 2014). Além disso, pesquisas mais recentes estédo
aprofundando os estudos em relacédo as diferencas especificas, como a maior
sensibilidade de eudicotiiedbneas em comparagdo com monocotileddneas
(KATARIA; JAJOO; GURUPRASAD, 2014), entre individuos machos e fémeas
em que as modificacdes pelo aumento de UVB sdo baseadas nas diferencas
sexuais (CHEN et al., 2016).

Em diversas plantas, pode-se utilizar a UVB para estimular o

fornecimento de metabdlitos secundarios, muito utilizados em espécies
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medicinais, e que se usadas em baixa dose, ndo traz prejuizos a planta,

somente o acréscimo do metabdlito necessario (ZHANG & BJORN, 2009).

Modificagdes foliares

A folha € o principal 6rgdo dos vegetais, responsavel pela aclimatagcéo
frente as modificagbes ocorridas no meio ambiente (ESPOSITO-POLEZI et al.,
2011). Cerca de 10% da radiacdo UVB que atinge a folha € refletido e a
transmissao de radiacao pela epiderme fica entre 0 a 40%. Alteracbes Opticas
na superficie das folhas podem atenuar a refletancia de UVB, a fim de evitar
uma maior absorcéo de UVB pelas folhas (KAKANI et al., 2003a). Dependendo
da sensibilidade que a espécie vegetal apresenta a radiacdo, diferentes
defesas sédo desenvolvidas para evitar os danos da alta energia da UVB.

Com o intuito de protecdo e aclimatacdo das plantas sob a radiacéo, a
folna pode mudar sua curvatura para minimizar a incidéncia de radiagao,
aumentar sua epiderme e redistribuir as cloro filas localizadas na face adaxial
das folhas (JANSEN; GABA; GREENBERG, 1998).

Sao observadas em plantas com exposi¢cdo a UV, depdsitos de ceras e
substancias epicuticulares de reflexdo da radiacdo na superficie das folhas
(SEMERDJIEVA et al., 2003), inducdo do acréscimo de pigmentos protetores,
aumento ou diminuicAo da espessura foliar (SANTOS et al.,, 2004) e
distribuicdo de metabdlitos secundarios protetores contra alta radiacéo,
conhecidos como compostos fendlicos e flavonoides que se acumulam na
epiderme da folha (KAKANI et al., 2003b). Semerdjieva e colaboradores (2003)
concluiram que as substancias que absorvem UVB estavam localizadas nos
tricomas e serviram como defesa para atenuacdo dos efeitos de radiacdo nas
folhas de variedades de mirtilo (Ericaceae).

Quanto a modificagdo nos estbmatos das folhas, alguns estudos
mostram que ndo houve diferencas para os tratamentos com exposi¢cao a UVB,
porém outros mostram que as plantas-alvo apresentaram diminuicdes
significativas, alterando a condutancia estomatica (KAKANI et al., 2003b). Zu
et al. (2010) encontraram maiores densidades estomaticas, mas houve queda

na condutancia estomatica em folhas de Taxus chinensis na presencga de UVB.
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Atividade fotossintética

Em d&timas condicdes do ambiente, a taxa fotossintética é alta, a
concentracdo intercelular de CO, (Ci) € encontrada em menores quantidades
no mesofilo, pois ha um rapido e alto consumo de CO,. Com a diminuicao de
CO2 no mesofilo foliar, ocorre a abertura dos estomatos, observada pela
condutancia estomatica (gs) e transpiracdo (E) e consequente a esses
processos, ha o aumento da eficiéncia de carboxilacdo (A/Ci) (LEMOS NETO
et al., 2017).

Os parametros de fluorescéncia da clorofila a fornecem dados da
capacidade de conversdo da energia luminosa em produtos bioquimicos pela
fotossintese, principalmente as reacdes do PSII, assim mostrando alteracdes
no crescimento e modificacdes do ambiente pelas plantas. E uma técnica
vantajosa, na qual é realizada por aparelhos portateis, que podem ser levados
a campo e gque néao destroem as folhas (MATHUR & JAJOO, 2015).

As variaveis fluorescéncia inicial (Fo), fluorescéncia maxima (Fm) e a
eficiéncia fotoquimica maxima do fotossistema Il (PSIl) (Fv/Fm) sédo as medidas
realizadas no escuro, a partir de um pulso saturante. Fo representa a
fluorescéncia minima obtida quando a Qa (quinona receptora primaria de
elétrons do PSII) esta oxidada e o sistema PSIl estd aberto, ou seja, com
capacidade de ativacdo fotoquimica total. Fm é a fluorescéncia maxima quando
a Qa estéa reduzida e consequentemente o sistema PSII fechado, ou seja, esta
incapacitada de ativar mais reacfes fotoquimicas nos centros de reacdo. A
diferenca entre Fm e Fo é denominada de fluorescéncia variavel (Fv), utilizada
no céalculo de Fv/Fm, que € o maximo de luz absorvida pelo PSIl e que esta se
transformando em energia quimica (BAKER & ROSENQVIST, 2004; KONRAD
et al., 2005).

De acordo com Klughammer e Schreiber (2008), o ®PSII é a fracdo de
energia que é convertida para compostos fotoquimicos. A energia que nao é
convertida, € dissipada pelos quenchings ®NPQ e ®NO, totalizando 1 a partir
da soma dos trés parametros. ®NPQ é a fracdo que é dissipada por calor

através do mecanismo fotoregulador, a partir da medida do ciclo das xantofilas.
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®NO é a fracdo que é passivamente dissipada em forma de calor e
fluorescéncia, por conta do fechamento dos centros de reacdo PSIl, ela
descreve as combinacbes de vias nao-radiativas sobre reacdes de
desexcitagdo, que ndo conduzem a conversdo em energia fotoquimica e ndo
envolvem o quenching nao-fotoquimico. Portanto, quando o ®NPQ apresenta
valores altos indica que a planta apresenta uma alta capacidade de
fotoprotecdo. Em contrapartida altos valores de ®NO mostram a baixa
capacidade do vegetal em se proteger contra danos por excesso de
luminosidade.

A taxa de transporte de elétrons (ETR) indica como esta o transporte de
elétrons no PSIl. Se a ETR estiver alta significa que o transporte de elétrons
esta ocorrendo normalmente. Se o valor for baixo, quer dizer que o excesso de
luz danificou o sistema fotossintético (FREITAS, 2016).

O aumento de UVB afeta o aparato fotossintético todo, mas
principalmente o fotossistema |l (PSIl) dos cloroplastideos, causando
degradacdo nas proteinas de membrana D1 e D2 (JANSEN; GABA;
GREENBERG, 1998), reducdo da atividade da enzima fixadora de COy,
ribulose-1,5-bisfosfato carboxilase oxigenase, também chamada de Rubisco,
utilizada no Ciclo de Calvin (KAKANI et al., 2003b; ZU et al., 2010) e destruicéo
dos pigmentos fotossintéticos, clorofilas e carotenoides (SURABHI; REDDY;
SINGH, 2009).

Um dos principais efeitos da radiacdo ultravioleta nas plantas sao as
menores taxas de biomassa foliar. Em areas como o sul da América do Sul,
que teve um aumento de 20% na incidéncia de UV no periodo do verdo em
2008, as plantas diminuiram cerca de 6% do total em comparacdo com o ano
de 1979 (BALLARE et al., 2011). Essa queda da biomassa em folhas se deve
principalmente as alteragfes na fotossintese, pois a UVB pode causar danos
ao aparato fotossintético e assim diminuir a taxa fotossintética e
consequentemente a producdo de biomassa (KATARIA; JAJOO;
GURUPRASAD, 2014).
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Sistema antioxidante

Diversos processos com a presenca do oxigénio podem gerar
naturalmente as chamadas Espécies Reativas de O, (EROs) que séo formas
de oxigénio altamente reativas e tOxicas que sdo capazes de reagir com
constituintes celulares e oxida-los. Os mais comuns sdo o superoxido (O3),
oxigénio singleto (*O,), radicais hidroxila (OH) e peréxido de hidrogénio (H,0,).
Porém, o equilibrio entre a producdo e a eliminacdo de EROS pode ser
perturbado por varios fatores de estresse bidticos e abidticos, como a
salinidade, radiacdo UV, seca, metais pesados, temperaturas extremas,
deficiéncia de nutrientes, poluicdo do ar, herbicidas e ataques de patégenos
(GILL & TUTEJA, 2010; TAIZ et al., 2017; TAKSHAK & AGRAWAL, 2014).

Nas plantas, ha a producdo de diversas enzimas antioxidantes que
juntas auxiliam o combate ao efeito toéxico dessas substancias e incluem a
dismutase do superoxido (SOD), peroxidase do ascorbato (APX), catalase
(CAT), glutationa redutase (GR), entre outras (NOCTOR & FOYER, 1998). O
O, e H;O, sdo os mais gerados em reacBes celulares, e ocorrem
principalmente nos peroxissomos, cloroplastideos e mitocondrias (GILL &
TUTEJA, 2010).

A UVB pode causar uma inativacdo do transporte de elétrons e danos a
proteina D1 no PSII (HIGED et al., 2002). O estresse provoca a limitacdo da
carboxilacdo no Ciclo de Calvin, onde o elétron da ferredoxina que seria
transferido para formar o NADPH vai para o0 O, e forma o O, (BARBOSA et al.,
2014) e quando ocorre a fotoinibicdo do PSIlI causada pela UV, pode ocorrer o
aumento de O, nas folhas (ASADA, 2006).

A primeira linha de defesa contra 0 O, é a SOD (GILL & TUTEJA, 2010).

Ela dismuta o O, em H,0O, pela reagcao de Oz’ﬂ—)HzOz (APEL & HIRT,

2004). O substrato mais importante para a reducao do H,O, € o acido ascoérbico
(NOCTOR & FOYER, 1998), utilizado pela enzima APX para reducao do H,O,

em agua pela seguinte reacdo HzOz+Ascorbatoﬂ>HzO+MDA (APEL e

HIRT, 2004). A CAT é a enzima que reduz o H,O, em agua e O, sem a
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necessidade de um substrato (GILL & TUTEJA, 2010), sua reacéo € dada por

H:0: — AT H,04 % 02 (APEL & HIRT, 2004).

3. Justificativa

A deplecdo da camada de ozénio € um problema atual e constante, no
qual diversas plantas cultivaveis ja estudadas apresentam efeitos negativos
sobre diversas caracteristicas morfoldgicas, fisiolégicas e bioquimicas dos
vegetais agricolas e em consequéncia dessas modificacdes, ha a menor
produtividade econdmica. Berinjela € uma planta C3 com uma alta producgéo
mundial, principalmente no sudeste asiatico e com grande relevancia no Brasil.
Apesar da importancia dessa cultura, ndo existem estudos sobre os efeitos da
radiagdo ultravioleta B em sua fotossintese, anatomia e bioquimica foliares,
fator que podera afetar a produtividade com o continuo aumento da incidéncia

de radiacdo UVB na Terra.

4. Objetivos gerais e especificos

O objetivo geral foi avaliar os efeitos que o aumento da radiacéo
ultravioleta B causado pela deplecdo da camada de oz6nio podem causar em
plantas de berinjelas.

Os objetivos especificos foram avaliar as alteragbes da UVB
suplementar nas folhas de berinjela sobre a atividade fotossintética, através
das andlises de trocas gasosas e fluorescéncia da clorofila a, as modificacfes
na anatomia foliar e a capacidade de resposta do sistema antioxidante,
quantificando a atividade das enzimas APX, CAT e SOD e a peroxidagéo

lipidica.
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Abstract

The effects from increased ultraviolet radiation B (UVB) on the metabolism of
agricultural plants, depending on the species and its level of tolerance, can
change their photosynthesis and biochemistry, and thus lower its commercial
production. This work aims at investigating leaf changes from gas exchanges,
chlorophyll a fluorescence, anatomy and the response of activities of antioxidant
enzymes SOD, CAT and APX in Solanum melongena L. after exposed to UVB
radiation. Eggplants of the variety Napoli were subjected to two treatments, with
and without UVB. After 49 days, photosynthesis levels decreased by more than
50% and carboxilation rate by 80% in plants under UVB. UVB radiation induced
the decrease on the rate of electrons transportation and the efficiency of
photosystems to convert energy to photochemical products. Adaxial epidermis
was hardly degraded. Palisade parenchyma became the first barrier against
UVB radiation by becoming smaller and more compressed in order to decrease
the incidence of the radiation in the spongy parenchyma and thus keep with its
photosynthetic activity. SOD and APX activities were increased while CAT was
decreased and according to the lipid peroxidation there was no destruction of
cells, confirming an effective biochemical system. UVB affected several
essential parameters eggplants need to survive and the increased incidence of
UVB in earth's surface will affect their commercial production.

Keywords: Solanum melongena, UVB, gas exchanges, chlorophyll a
fluorescence, leaf anatomy, antioxidant enzyme.
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Introduction

Over recent years, the environment has been drastically affected by
human activities. One of the main changes is the increased ultraviolet radiation
B on earth's surface, due to the depletion of the ozone layer that damages
mainly plants (BALLARE et al., 2011; KRIZEK, 2004).

Under high exposure to UVB, plants can be considered either tolerant or
sensitive, by different responses to such condition (NEPPE UNITED, 2017).
Several previous studies pointed that even surviving, plants may present
changes in growth, morphology and biomass (KITTAS et al., 2006;
RAGHUVANSHI et al., 2015; SMITH et al., 2000), as well as a decrease on
both photosynthesis and EROs production which depicts oxidative stress
(CZEGENY et al., 2014). It is important to point out that adaptative responses
may vary according to the specie once UVB is increased (SINGH et al., 2014),
therefore there must be studies on a greater number of plants.

Much investment has been done to uncover how economically important
plants respond to the depletion of the ozone layer (MATHUR & JAJOO, 2015),
because the increased incidence of UVB radiation may impair the productivity
and chemical composition of agricultural species and consequently the quality
of the products (WANG & FREI, 2011), thus, studies focused on planning
strategies in order to avoid damages caused by such stress are so important to
be improved.

Leaves are the first structures to get in contact with UVB radiation and
its reflectance when the radiation is low, however the plant may change its
structures in order to adapt to changes of the environment (SEERDJIEVA et al.,
2003).

Several studies using ultraviolet light in plants have been accomplished,
although there was no work around the specie Solanum melongena L. once
submitted to UVB radiation. Therefore, the search aimed to evaluate the effects
that ultraviolet radiation B has on the photosynthetic activity, the anatomy and

the response capacity of the antioxidant system in leaves of eggplant.
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Materials and Methods

20 eggplants were used (Solanum melongena L.) variety “Napoli,
divided into control and treatment to perform the experiment. When the plants
were 40 days old, they were potted into plastic containers of 2L, containing
substrate composed of latosol soil and vegetal organic matter in the ratio of 3:1
(v/v) supplemented with chemical fertilizer (NPK 4:14:8) in the ratio of 1 kg/m>.
By the time of transplanting, the plants showed from 3 to 4 expanded leaves.
Plants were kept within greenhouse in The Medicinal and Botanical Garden of
UNIFAL-MG under natural light using white filter for 15 days until the beginning
of the treatments. Both temperature and relative humidity of the air were
monitored during the experiment by thermo-hygrometer (J. Prolab), which
varies between 12° and 35°C and between 55 and 88%, respectively. O
experiment took place from September to November 2016.

The experiment had two treatments, with and without a UVB light bulb.
The plants from both treatments remained under similar conditions during the
whole experiment. The plants were allocated into a chamber of two slots
measuring 120x90x90cm, and it was opened above so that the plants could get
natural light. Natural light was supplemented by fluorescent white bulbs in both
slots (NSK FL 16T8-6; 16W). Plants under the treatment with UVB got radiation
by UVB bulb (306 nm; USHIO G8TSE; 8W). The bulbs, with irradiance of 14,15
W/mz for white bulbs and 7,07 W/mz2 for UVB bulb, were kept 30 cm away from
the plants. The distribution of the spectrum of the UVB bulb is shown in Figure
1. Maximum natural light irradiation was 700 W/m? at noon.

A photoperiod of 12 hours was kept with white bulbs, accompanied with
the natural light period. They were exposed to UVB radiation for 6 hours a day
(from 09:00 a.m. to 3:00 p.m.), for 49 days. Each plant was daily watered with
100 mL of water and randomly put into another place to avoid the influence of
the site.

By the end of the 49 days, the physiological analyses were conducted
and the material was collected for biochemical and anatomical analyses. Both

physiological and biochemical analyses were performed with leaves from the 6™
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node and anatomical ones with those from the 7™ node of each plant, counting

from its base. Such leaves had their ontogenesis during the experiment.
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Figure 1 — Spectral distribution of the UVB bulb used in the experiment.
Gas exchanges and chlorophyll a fluorescence

The measurements of gas exchanges were determined through the
portable photosynthesis (IRGA, model LI-XT6400, Li-Cor, Lincoln, Nebrasca,
USA) with chamber with artificial light source (LI-6400-02B RedBlue, Li-Cor).
The measurements were performed in a leaf area of 6 cm?, with CO, flow in a
concentration of 390 pmol mol™, temperature held at 28°C and active
photosynthetic radiation intensity of 700 pmol m? s™. Photosynthesis (A),
stomatal conductance (gs), transpiration (E), intercellular CO, concentration (Ci)
and a carboxilation efficiency (A/Ci) were evaluated.

Fluorescence emission was measured by portable modulated
fluorometer MINI-PAM-II (Walz, Germany). Before starting the analyses, the
leaves were kept in the dark for 30 minutes. Minimum fluorescence (Fo) was
determined with sufficiently low light to avoid photochemical reactions and
maximum fluorescence (Fm) was also measured, applying a light pulse of 7000
um of photons m?s™® for 0.8 seconds. For samples adapted in the dark, a
maximum photosynthetic efficiency (PSIl) was calculated by the ratio Fv/Fm,
where Fv= (Fm-Fo). Afterwards, the leaves received light from actinic light with

intensity of 1500 umol of photons m?s™ for 10 minutes. Then, the rate constant
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of fluorescence (F) was obtained and right after another pulse of light was
applied for 1 s to obtain the maximum fluorescence emitted by the leaves (Fm’).
Actinic light was removed and the leaves were irradiated by distant red light to
obtain Fo adapted to light (Fo’). All other parameters were obtained according
to the device through the following calculations: ®NO=F/Fm, ®NPQ=(F-
F’m)/(F—Fm), ®PSII=(F’m-F/F’'m), where ONO+ONPQ+®PSII=1
(KLUGHAMMER & SCHREIBER, 2008) and ETR=(®PSIIXPARX0,5x0,84),
where PAR (Photosynthetically active radiation) was measured by the sensor

adapted to the device.

Biochemical activity

Biochemical activities were performed with the same leaves which both
gas exchanges and chlorophyll fluorescence were evaluated. Fully expanded
leaves were collected by the end of the experiment in the morning and then
frozen in liquid nitrogen and conserved in a freezer at -80° C until the when the
analyses were conducted. For enzymatic extraction, 0.2g of leaves was
macerated in liquid nitrogen with polyvinylpolypyrrolidone (PVPP). After
homogenization in 1500 yL in extraction buffer, the enzymatic extract was
centrifuged at 13000 rpm, for 10 minutes, at 4°C and the supernatant was
collected according to the methodology of Biemelt et al. (1998). For lipid
peroxidation, the method of Cakmak and Horst (1991) was used. The
determination of superoxide dismutase (SOD) activity as well as, ascorbate
peroxidase (APX) and catalase (CAT) activities were conducted. All the
enzymes from the antioxidant system were quantified by the method of Garcia-
Limones et al. (2002) and they were measured through spectrophotometer
(Biochrom, modelo Libra S22).

Leaf anatomy
For anatomical analyses, the leaves were kept in formaldeide, acetic acid

and ethanol 70% (F.A.A.70) solution for 72 hours, and later conserved in
ethanol 70% (KRAUS & ARDUIN, 1997).



30

Fragments of leaf limb from the area close to the petiole were selected
and packed in resin (Leica Historesin). The whole process of infiltration and
packing were conducted according to instructions from the manufacturer. The
cuts were performed in rotatory microtome (Leica, RM 2235) e the sections
were conducted with 10 um of thickness and colored with tolonium chloride 1%.
10 cuts from each treatment were selected. Cuts were photographed by a
digital camera (Moticam 2300 MOTIC, Xiamem, China), attached to the
binocular microscope Nikon eclipse E200 (Spectrum Bioengenharia Médica
Hospitalar Ltda, S&o Paulo, Brasil) and measured through software to analyze
the images Image J. thickness of leaf limb, thickness of epidermis from abaxial,
thickness of epidermis from adaxial, thickness of palisade parenchyma,
thickness of spongy parenchyma, proportion between palisade parenchyma and
spongy parenchyma (PP/SP), proportion of Intercellular space of palisade
parenchyma, proportion of intercellular space of spongy parenchyma, width of
chloroplast of palisade parenchyma, length of chloroplast of palisade
parenchyma, width of chloroplast of spongy parenchyma, length of chloroplast
of spongy parenchyma, number of chloroplast present in palisade parenchyma

and number of chloroplast present in spongy parenchyma.

Statistical analysis

The experiment was conducted by completely randomized design (CRD).
For statistical analysis, the software BioEstat 5.0 was used. The results were
submitted to the Analysis of Variance at 5% of significance, followed by the test
of Tukey for data about photosynthesis and biochemistry and Analysis of
Variance at 1% of significance for data about anatomy followed by the test of

Tukey.

Results

The results pointed that for surviving under UVB treatment, eggplants
showed several changes in their morphology and physiology to acclimatize to

new conditions of the environment.
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It could be observed that in the first weeks of exposure to UVB the oldest
leaves suffered from abscission and the new leaves showing different
morphological features started developing, smaller in size, bearing more curved

edges and a darker color (Figure 2).

Figure 2. Morphological differences in leaves of eggplants in the fourth week of
the experiment. (a) Leaf under natural and white fluorescent light and (b) Leaf
under natural and white fluorescent light and UVB radiation.

Data obtained from gas exchanges is presented in Table 1. It can be
observed that there has been a decrease (p<0,01) of 56% in the rate of liquid
photosynthesis (A) when UVB is present and in spite of such reduction the
plants were still able to survive. For stomatal conductance (gs) and transpiration
(E) there was no significant difference between the treatments. In Ci, it was
observed significant difference (p<0,001) demonstrating that UVB caused CO,
concentration to increase by 15% in the leaves. In carboxilation efficiency (A/Ci)

there was a significant decrease of 80% for treatment with UVB (p<0,001).

Table 1. Means of data from gas exchange in leaves of eggplant submitted to
UVB radiation. Data are presented as means + standard deviation.

Without UV UVB
A (umol CO, m*s™) 15.11 + 3.24 6.60 + 3.03*
E (mmol m?s™) 5.18 + 0.83 4.68 +1.28
gs (Mol m?s) 0.38 +0.10 0.35+0.13
Ci (umol CO, mol™) 298.13 +11.73  340.97 + 31.83*
A/Ci (umol CO, m?s™).(umol CO, mol™) 0.05 +0.01 0.01 + 0.009*

Means marked with * presented statistical differences through Tukey Test at 5% of significance.
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Fluorescence data is presented in Table 2. It can be observed that the
effective quantum vyield of PSIl (®PSIl) for plants from UVB treatment
decreased (p=0,036), and consequently their regulated and unregulated power
supply had an increase in dissipating the energy. The unregulated and non
photochemical quantum vyield of dissipation (®NO) of leaves under UVB
increased significantly (p=0,039) by 13%, while the regulated photochemical
quantum vyield of dissipation (®PNPQ) increased (p=0,049) by 33%. For the
electron transport rate (ETR) there has been significant difference of the
treatment with control (p=0,036), as when UVB was present it caused a lower

electron transference of PSII by 27%.

Table 2. Means of chlorophyll fluorescence parameters in leaves of eggplants
under UVB radiation. Data is presented as means + standard deviation.

Without UVB uvB
ETR 34.87 + 4.68 25.44 +10.78*
OPSII 0.45 +0.05 0.32+0.13*
ONPQ 0.33 +0.06 0.44 +0.11*
®NO 0.22 £0.02 0.25+0.01*
FviIFm 0.84 + 0.05 0.77 £0.07*

Means marked with * presented statistical differences through Tukey Test at 5% of significance

The anatomical parameters analyzed showed significant statistical
difference (p<0,001) between the two treatments. According to Table 3, all
measurements of anatomical parameters of leaves kept under UVB decreased
if compared to those under white light, but the thickness of spongy parenchyma.

The adaxial surface of the leaf, which was directly exposed to radiation,
showed severe deformation with a decrease of 65% of its epidermis, to not
enable UVB to get to PP, which showed a smaller area if compared to SP, and
to not reach the chloroplasts located in their cells, which also obtained lower
means of quantity and size than plants without UVB. The total leaf thickness
and the thickness of both parenchyma had a decrease as well as their
intercellular spaces. The smaller intercellular space of PP shows that there has

been a compression among their cells.
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Table 3. Means of anatomical features in leaves of eggplants under UVB
radiation. Data is presented as means + standard deviation. PP= palisade
parenchyma. SP= Spongy Parenchyma.

Without UVB uvB

Leaf Thickness (um) 189.30 + 16,27 157,05 + 18,06*
Palisade Thickness (um) 80.50 +9.17 58.54 + 7.20*
Spongy Thickness (um) 82.82 + 9.56 87.31 £15.55
Proportion PP/SP 0.98+0.11 0.66 £ 0.16*
Intercellular Space Proportion PP 11.24 +£5.45 6.83 + 3.94*
Intercellular Space Proportion SP 32.90+8.16 20.15 +6.13*
Adaxial Epidermis Thickness (um) 20.60+3.21 7.29 £1.98*
Abaxial Epidermis Thickness (um) 13.79+£2.21 12.07 £ 2.12*
Chloroplast Width PP (um) 3.58 +0.38 2.76 + 0.40*
Chloroplast Length PP (um) 4.95 + 0.59 3.75+0.47*
Chloroplast Width SP (um) 3.89+£043 3.26 £ 0.34*
Chloroplast Length SP (um) 5.02+£0.61 4.45 + 0.44*
Number of Chloroplasts PP per cell 16.78 £ 3.53 10.33 £ 3.28*
Number of Chloroplast SP per cell 9.53+2.56 8.87 141

Means marked with * presented statistical differences through Tukey Test at 1% of significance

In Figure 3 it can be observed that the position of chloroplasts from the
cells of PP has changes for leaves that received UVB. Once UVB is present,
chloroplasts positions to the next spongy parenchyma, thus the space close to

the layer of adaxial epidermis lacks the presence of such organelles.
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Figure 3. Anatomy of the leaf limb of eggplants under UVB radiation. Leaf
without radiation UVB (a) and leaf with UVB radiation (b). Bars = 50 pym.

The antioxidant enzymes APX, CAT e SOD showed statistical difference
(p<0,01, p=0,04 and p=0,03, respectively) if compared to those from the
treatments (Table 4). There has been a decrease of 46% of CAT enzyme in the
treatment with UVB, however there has been an increase of SOD enzyme of
more than 50% and of APX enzyme of more than 300% under UVB. For lipid
peroxidation there was no significant difference between the treatments.
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Table 4. Means of units of antioxidant APX enzymes (ascorbate peroxidase),
CAT (catalase) and SOD (superoxide dismutase) and lipid peroxidation in
leaves of eggplants under UVB radiation. Data is presented as means *
standard deviation.

Without UVB UVB
Lipid Peroxidation (uM of MDA g™ MF) 22.07 £7.00 23.45 +5.33
APX (umol mg™* protein min™) 76.15+38.8  349.39 + 226.7*
CAT (umol mg™ protein min™) 52.49 + 34.4 24.37 + 18.9*
SOD (U mg™ protein) 57.26 + 29.2 86.45 + 22.4*

Means marked with * presented statistical differences through Tukey Test at 5% of significance

Discussion

In spite of what many works show, that low doses of ultraviolet radiation
may benefit agricultural species by improving their defense against pathogens
and a larger productivity (THOMAS & PUTHUR, 2017), the results from this
search show a plant very sensitive to UVB radiation.

The smaller leaf area, slope of leaves and a greater curve observed in
new leaves formed under UVB, are common defense changes among
vegetables to decrease the incidence of radiation as well as the different
position of their chloroplasts observed in cells from palisade parenchyma
(JANSEN; GABA; GREENBERG, 1998).

As almost all the epidermis of the adaxial surface was degraded by the
presence of UVB, so it caused the palisade parenchyma to become the first
barrier of exposure to radiation. The greater compression of its cells, indicated
by the decrease of around 40% of its proportion of intercellular spaces of PP
was a way of stopping the incidence on SP, lessening the effects on it. Once
the protection of leaves was on account of the barrier formed by PP, the
photosynthetic function of PP was relocated to SP, which had its thickness
increased and did not change its number of chloroplasts, enabling the
photosynthetic production to happen. Weston et al. (2000) found that
Arabdopsis thaliana under high levels of radiation had the ad of some layers of
cells in the palisade parenchyma to protect tissues located below it, protecting
the photosynthetic production of such tissues (KAKANI et al., 2003a).

Similar results for a lesser thickness of the leaf and of the two

chlorophyll, parenchyma after exposure to UVB was also found in leaves of two
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genotypes of bilberries (Vaccinium corymbosum L.) (INOSTROZA-
BLANCHETEAU et al., 2014) and in leaves of cotton (Gossypium hirsutum L.)
(KAKANI et al., 2003b). The leaves of bilberries also had their adaxial and
abaxial epidermis affected, although leaves from cotton had no significant
difference if compared to its control.

The decrease of the leaf thickness of chloroplasts in both parenchyma
restricted photosystems Il (PSIl), leading it to the decreased flow of electrons in
leaves (ETR) and influenced the falling of Fv/Fm and ®PSII, such changes may
cause the total biomass of the plants to decrease, affecting the productivity of
plants of culture. (KATARIA; JAJOO; GURUPRASAD, 2014). The falling of
Fv/Fm can be also related to the limited capacity of reoxidation of the first
acceptor of electrons of PSII, the Plastoquinone (Qa), resulting in lower
transportation of electron from PSII to PSI (KUMAR & PRASAD, 2015).

The decrease of 28% when measuring ®PSII confirms that UVB harmed
the photosynthetic apparatus which stops the allocation of energy to PSII and,
thus, it is eliminating the excess of energy through non-photochemical
guenching ®NPQ and ®NO (KUMAR & PRASAD, 2015).

It can be noticed that once the abaxial epidermis is not in directly contact
with UVB, it is slightly affected. The small difference of 12% found in the abaxial
epidermis, if compared to control, was not enough to change the workings of
the stomas what is also affirmed for the similarity between control and UVB if
compared to E and gs, which confirms that the accumulation of CO, found
inside the leaves (Ci) is related to other factors.

From the accumulation of CO, on leaves and the decrease of ETR
values, it can be inferred that the enzyme which fixs CO,, Rubisco (d-ribulose-
1,5-biphosphate carboxylase-oxygenase), has been harmed by UVB, inhibiting
its carboxilation activity and consequently, the consume of NADPH, (BAKER &
ROSENQVIST, 2004). Due to that, photosynthetic activity was reduced by more
than 50% and its carboxilation efficiency by 80%. The low activity of Rubisco
when UVB is present has already been seen on previous searches (LINDON &
RAMALHO, 2011). Wheat, cotton, sorghum and amaranth plants, both C3 and
C4 plants, obtained the increase on the activity of Rubisco when solar UVB
solar was eliminated through filters (KATARIA et al., 2013).
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From damages in PSII, a change on the transportation of electrons may
have happened and instead of occurring the formation of NADPH,, they are
transferred to free O, promoting the production of species reactive of O, (ROSs)
and therefore, in order to fight against its excess, the enzymatic antioxidant
system was activated. The superoxide dismutase enzyme (SOD) is the first
defense line of plants to limit the toxic effects from the increased EROs caused
by environmental stress (GILL & TUTEJA, 2010). UVB radiation may have
caused SOD to increase, because together with the stress it is noticed the
increase of superoxide (O), substrate in which SOD degrades into hydrogen
peroxide (H20.) (APEL & HIRT, 2004).

The high activity of ascorbate peroxidase enzyme (APX) shows that the
plants were under stress. From such increase it can be said that it was enough
to inhibit H202 in excess which was produced on account of the stress in
leaves, because there was no destruction of cells which is confirmed by the lipid
peroxidation and only with its activity it did not need to activate the CAT enzyme

to neutralize EROs and so its low activity.

Conclusion

It could be concluded that eggplants are very sensitive to UVB radiation,
once there have been many physiological and leaf anatomical changes to stay
alive, bearing an allocation of energy in order to survive and not to produce
fruits. Therefore, the presence of UVB radiation affected the capacity of
producing photoassimilates, being harmful to the economical production of

eggplants.
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