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METABOLISMO FOTOSSINTETICO DE Hancornia speciosa Gomes E Caryocar
brasiliense Cambess. SOB ESTRESSE HIDRICO E REIDRATACAO

RESUMO

O Bioma Cerrado é¢ a formacdo savanica com maior diversidade vegetal do mundo,
principalmente de espécies lenhosas. A Hancornia speciosa Gomes — Apocinaceae conhecida
como mangaba, é encontrada espontaneamente nas regides Sudeste, Centro-Oeste, Norte e
Nordeste. Os frutos da mangabeira sdo bem apreciados, de boa digestibilidade e alto valor
nutricional, sendo consumidos in natura e utilizados na fabricacdo de refrescos, sorvetes,
doces secos, compotas, xaropes € no preparo de vinho e vinagre. Caryocar brasiliense
Cambess. - Caryocaceae conhecido como pequi, € uma arvore nativa dos Cerrados brasileiros
que pode ser praticamente todo aproveitado. O fruto do pequi é fonte de vitaminas, utilizado
na fabricacdo de farinha, pacoca, conserva em 6leo e salmoura. A casca e as folhas contém
altos teores de tanino, constituindo-se em matéria prima para a fabricacdo de tinturas. O 6leo
da polpa tem efeito tonificante, sendo usado na farmacopéia popular contra bronquites, gripes,
resfriados e no controle de tumores. Os recursos hidricos estdo se tornando cada vez mais
escassos, a caracterizacdo do estresse hidrico tem se tornado um tema importante para
programar a irrigacdo e selecionar genotipos de plantas mais resistentes ao déficit hidrico.
Todos os aspectos de crescimento e desenvolvimento das plantas séo afetados pela deficiéncia
hidrica nos tecidos. Os efeitos do déficit hidrico sobre o desenvolvimento dos vegetais
dependem da intensidade, da duracdo do estresse, do estagio de crescimento que a planta se
encontra e da sua genética, podendo ocasionar diversas modificagdes morfofisioldgicas. Estas
mudancas alteram as trocas gasosas, 0 que influéncia o processo de fotossintese e sintese de
solutos organicos e € considerado como fator limitante no crescimento e na producdo primaria

liquida das plantas.

Palavras-chave: Cerrado, mangaba, pequi



METABOLISM PHOTOSYNTHETIC OF Hancornia speciosa Gomes AND Caryocar
brasiliense Cambess. UNDER WATER STRESS AND REHYDRATION

ABSTRACT

The Cerrado is a savanna types with greater plant diversity in the world, mainly woody
species. The Hancornia speciosa Gomes - Apocinaceae known as mangaba, is found
spontaneously in the Southeast, Midwest, North and Northeast regions . The fruits of
mangabeira are well appreciated, good digestibility and high nutritional value and is
consumed fresh and used in the manufacture of soft drinks, ice cream, dry pastries, jams,
syrups and preparing wine and vinegar. Caryocar brasiliense Cambess. - Caryocaceae known
as pequi, is a tree native to the Brazilian Cerrado that can be practically all passed. The fruit
of pequi source of vitamins is used in the manufacture of flour, peanut candy, canned in oil
and brine. The bark and leaves contain high levels of tannin, thus becoming raw material for
the manufacture of dyes. The pulp oil has toning effect and is used in folk pharmacopoeia
against bronchitis, colds, flu and control tumors. Water resources are becoming increasingly
scarce, the characterization of water stress has become an important topic for scheduling
irrigation and select genotypes more resistant to drought plants. All aspects of growth and
development of plants are affected by water stress in tissues. The effects of water deficit on
the development of plants depend on the intensity, the duration of stress, the growth stage of
the plant is and its genetic and can cause various morphological and physiological changes.
These changes alter gas exchange, which influence the process of photosynthesis and
synthesis of organic solutes and is considered as a limiting factor in growth and net primary

production of plants.

Keywords: Cerrado, mangaba, pequi



REVISAO DE LITERATURA

No Estado de Mato Grosso do Sul, o Cerrado € a formacdo vegetacional
predominante. No entanto, grande parte dessas areas ja ndo possui mais a cobertura vegetal
original, atualmente ocupada por paisagens antropicas (LEHN et al., 2008). A expansao das
fronteiras agricolas, aliada ao baixo porcentual de &reas protegidas por unidades de
conservacao de uso restrito, provocou uma reducdo drastica na area do Cerrado brasileiro,
estimada em aproximadamente 40% da cobertura original (FELFILI et al., 2002). Este Bioma
é apontado como grande detentor de diversidade bioldgica, sendo a formacdo savanica com
maior diversidade vegetal do mundo, especialmente quando se consideram as espécies
lenhosas (GUARIM NETO & MORAIS, 2003).

A distribuicdo e a manutencéo das diferentes fitofisionomias do Bioma Cerrado
estdo relacionadas com fatores edaficos e topograficos, além da ocorréncia de fogo e
perturbagdes antropicas (MARIMON JUNIOR & HARIDASAN, 2005). O cerrado sensu
stricto € uma vegetacdo savanica composta por um estrato arbdreo-arbustivo e outro
herbaceo-graminoso. O componente lenhoso apresenta sistema radicular que permite 0 acesso
das plantas a camadas profundas do solo, com maior disponibilidade de agua, enquanto o
componente herbaceo é formado por espécies perenes com 0rgdos subterraneos bem
desenvolvidos, tais como rizomas, bulbos e raizes tuberosas que garantem a sua sobrevivéncia
durante o periodo seco e incéndio ocasional (ZAIDAN & CARREIRA, 2008).

A ocorréncia de incéndios na estacdo seca tendem a impedir as sucessdes vegetais
nas florestas e contribuem para o empobrecimento do solo no Cerrado. Estes solos sdo
sujeitos a forte déficit hidrico nesta época, o que restringe o estabelecimento de espécies
florestais (OLIVEIRA FILHO & RATTER 2002). Portanto, a agua é fator importante desde a
fase inicial de crescimento da planta até a producdo de fotoassimilados e na sua auséncia, a
planta pode sofrer modificacdes em seu metabolismo (MARTINS, 2008).

O déficit hidrico pode reduzir tanto a porcentagem quanto a velocidade de
germinacdo, e a uma ampla variacdo de respostas entre as espécies, como o fechamento
estomatico, que reduz a difusdo do CO, para o interior das células, refletindo em futura
reducdo na taxa de fotossintese, e consequentemente no desenvolvimento das plantas
(LARCHER, 2006). A extensdo dos efeitos do déficit hidrico nas espécies depende da sua
intensidade e duracdo, além da capacidade genética das plantas em responder as mudancas do
ambiente (CHAVES, 1991).
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Assim, os programas de implantacdo, recomposicdo e revitalizacdo de areas
nativas de Cerrado somente terdo sucesso quando os fatores que alteram a sobrevivéncia e o
desenvolvimento inicial das mudas durante a fase de viveiro e no campo forem conhecidos
(FONSECA et al., 2002).

As espécies estudadas

Hancornia speciosa Gomes — Apocinaceae conhecida como mangaba, € uma
arvore nativa do Brasil, que € encontrada espontaneamente nas regides Sudeste, Centro-Oeste,
Norte e Nordeste. Tipica do Cerrado, sua populacdo vem sendo drasticamente reduzida,
juntamente com o restante da vegetacdo nativa, devido & especulacdo imobiliaria e ao
desmatamento para o cultivo de monoculturas. Ha relatos na literatura que suas sementes
sejam sensiveis a dessecacdo e ao armazenamento. O quadro de abandono e destrato das
mangabeiras existentes tem sido, por outro lado, amenizado pelo interesse de alguns
produtores em iniciar um plantio estruturado sob bases comerciais, estimulados pela grande
demanda e bons precos alcangados no mercado informal (SOUZA et al., 2007).

A mangabeira é uma frutifera tropical, cujos frutos sdo bem apreciados, de boa
digestibilidade e alto valor nutricional, sendo consumidos in natura e utilizados na fabricacdo
de refrescos, sorvetes, doces secos, compotas, xaropes e no preparo de vinho e vinagre
(BARROS et al., 2010; SANTOS et al., 2010). Em virtude dessas caracteristicas a mangabeira
é considerada uma espécie promissora para a fruticultura nacional (LOBO et al., 2008).

Caryocar brasiliense Cambess. - Caryocaceae conhecido como pequi, € uma
arvore nativa dos Cerrados brasileiros que pode ser praticamente todo aproveitado, 0 que 0
colocou na lista de espécie protegida, sendo proibido o corte e comercializagdo de sua
madeira em todo o territério nacional. O fruto do pequi é fonte de vitaminas, utilizado na
culinaria regional em pratos tipicos, na fabricacdo de farinha, pagoca, conserva em o0leo e
salmoura. As sementes também fornecem dleo que, devido as suas propriedades aromaéticas, é
usado na fabricacdo de licores. A madeira é de 6tima qualidade bastante resistente e com
elevado poder calorifico, usada na fabricacdo de carvdo siderdrgico e nas construcdes civil,
rural e naval, na fabricacdo de mourdes e pildes, esteio de curral e producdo moveleira
(RIBEIRO, 2003).

A casca e as folhas contém altos teores de tanino, constituindo-se em matéria
prima para a fabricacdo de tinturas. O 6leo da polpa tem efeito tonificante, sendo usado na

farmacopéia popular contra bronquites, gripes, resfriados e no controle de tumores. O cha das
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folhas é tido como regulador de fluxo menstrual e, na industria cosmética, fabricam-se cremes
para pele. O 6leo do pequi é rico em &cido oléico, presente também na pele como principal
constituinte da emulsdo epicutanea, e betacaroteno pro-vitamina A que, além de absorver
radiacdes ultravioletas, esta associado aos antirradicais livres. A maior parte da obtencdo dos
frutos de pequi é proveniente do extrativismo, realizado manualmente por familias de baixa
renda e contribui com 18% da renda familiar dos produtores rurais do Norte de Minas Gerais,
atras apenas do feijdo - 34% e mandioca - 33%. Observou também que a propagacdo dessa
espécie por sementes é dificultada pelo fato da germinacdo das sementes ser lenta,
desuniforme e pouco freqliente levando de um més a mais de um ano para ocorrer, com

porcentagem de germinacdo que varia de 5% a 60% (ROCHA, 2009).

Disponibilidade de 4gua e metabolismo fotossintético

Os recursos hidricos estdo se tornando cada vez mais escassos, requerendo
estudos criteriosos voltados para a racionalizagdo e o uso mais eficiente da agua. Assim, a
caracterizagdo do estresse hidrico tem se tornado um tema importante para programar a
irrigacdo e selecionar gendtipos de plantas mais resistentes ao déficit hidrico (GOMIDE et al.,
2005).

Em algumas epécies, a perda do turgor devido ao estresse hidrico provoca o
fechamento estomatico, a reducdo da fotossintese e da respiracdo e a interferéncia em muitos
processos metabdlicos basicos. Ambientes secos podem estimular reacBes adaptativas que
capacitem as plantas a sobreviverem em periodos prolongados de déficit hidrico. Entre as
estratégias para as plantas crescerem em climas secos pode-se citar: escapar do estresse
através de um curto ciclo de desenvolvimento, por exemplo; evitar o déficit hidrico, através
da reducdo da transpiracdo ou do aumento da absorcdo de agua; manter o crescimento sob
estresse hidrico; ou, ainda, resistir ao severo deficit por meio de mecanismos de sobrevivéncia
(TARDIEU, 2005).

Com a diminuicdo gradativa da agua disponivel no solo, o desenvolvimento das
plantas apresenta comprometimento, que pode variar em funcdo das caracteristicas
adaptativas da espécie, da severidade do deficit de adgua, do estagio de desenvolvimento e da
possibilidade de aclimatacdo ao déficit (CALBO & MORAES, 2000).

Todos os aspectos de crescimento e desenvolvimento das plantas sdo afetados
pela deficiéncia hidrica nos tecidos, causada pela excessiva demanda evaporativa ou pelo

limitado suprimento de &gua. Os efeitos do déficit hidrico sobre o desenvolvimento dos
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vegetais dependem da intensidade, da duracdo do estresse, do estdgio de crescimento que a
planta se encontra e da sua genética, podendo ocasionar desorganizacdo do protoplasma,
diversas modificacBes morfofisiologicas e até levar a planta a morte (KERBAUY, 2004;
TAIZ & ZIEGER, 2009; MARTINS et al., 2010).

O déficit hidrico altera os processos fisioldgicos, bem como induz alteracGes
morfologicas e anatébmicas em muitas espécies de plantas. Estas mudancas ocorrem
principalmente nas trocas gasosas, 0 que influencia o processo de fotossintese e sintese de
solutos organicos e é considerado como o fator de maior limitagcdo do crescimento e da
produgdo priméria liquida em plantas, uma vez que limita a absorcdo de carbono
(CHARTZOULAKIS et al., 2002).

Sena et al. (2007) observaram em sua revisao que as raizes das plantas sob stress
de agua produzem é&cido abscisico (ABA), que é transportada pelo xilema para as folhas
causando fechamento estomatico como um mecanismo de protecdo contra a seca. A
transpiracdo estomatica e niveis condutancia estomatica podem variar diéria ou sazonalmente
de acordo com a espécie ou cultivar, sendo maiores na parte da manha nas estacfes guentes
nas regides tropicais, se comparado a outros periodos do dia. A condutancia estomatica esta
negativamente correlacionada com o déficit hidrico do solo, baixo potencial de agua das
células e fechamento estoméatico. Observaram também que o0 aumento da concentracdo de
ABA faz com que o fechamento estomatico em varias espécies, se mantenha tanto sob luz
quanto no escuro durante varios dias.

No entanto, em razdo do fechamento estomatico, sdo gerados decréscimos na
assimilacdo do CO2 e no rendimento quéntico do fotossistema Il (MARIANO et al., 2009).
Assim, o estresse hidrico moderado afeta a fotossintese e a condutancia estomatica, e a
medida que o estresse se torna rigoroso, a desidratacdo das células do mesofilo inibe a
fotossintese, 0 metabolismo do mesofilo € prejudicado e a eficiéncia do uso da agua
geralmente decresce (TAIZ & ZEIGER, 2009). Por isso, durante a estacdo seca é presumivel
que ocorra grande restricdo na transpiracdo, com decréscimos na atividade fotossintética,
constatando-se que mudas de espécies lenhosas do Cerrado atingem valores de fotossintese
proximos a zero (FRANCO, 2006; MARIANO et al., 2009).

A deficiéncia hidrica no solo causa reducdo na assimilacdo de CO, (MORAES,
2011) e no rendimento quantico do fotossistema Il (pelo acimulo de espécies reativas de
0xigénio) e, portanto, afeta a fotossintese (BAKER, 1993).

Os fatores ambientais, tem efeito direto nos processos fotossintéticos, que podem

ser medidos pela eficiéncia maxima do Fotossistema Il (PSII), estimada por meio da razéo
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entre fluorescéncia variavel e a fluorescéncia maxima (Fv/Fm) (ARAUJO, 2004). Esta relago
expressa a eficiéncia relativa da captura de energia luminosa pelo PSII, usado freqlientemente
para avaliar o desempenho fotossintético e o estado fisiologico geral das plantas.

Uma planta que apresenta aparelho fotossintético intacto a fluorescéncia méaxima
da clorofila (Fv/Fm) deve variar entre 0,75 e 0,85 (BOLHAR-NORDENKAMPF et al., 1989),
enquanto a queda nesta razédo reflete a presenca de dano fotoinibitdrio nos centros de reacéo
do PSII (BJORKMAN & DEMMING, 1987).

Assim, capacidade fotossintética é uma caracteristica intrinseca de cada espécie
vegetal, sendo que as trocas gasosas mudam durante o ciclo do desenvolvimento do individuo
e dependem do curso anual e até mesmo do curso diério das flutuagcbes ambientais (luz,
temperatura, umidade, etc) em torno da planta (LARCHER, 2006).

Diante do exposto, espera-se que Hancornia speciosa e Caryocar brasiliense,
sendo espécies nativas do Cerrado sejam tolerantes ao déficit hidrico. Os resultados da
presente pesquisa poderdo contribuir para projetos de recomposi¢do de areas degradadas do
Cerrado e implantacdo de areas para exploracdo sustentavel. Assim, informacdes sobre a
ecofisiologia da producdo de mudas dessas espécies sdo escassas, tornando-se necessario

estudos nesse sentido.
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CAPITULO I - Gas exchange and photosynthetic activity in Hancornia Speciosa Gomes

seedlings under water deficit conditions and during rehydration

Abstract - The present work evaluated the responses of Hancornia speciosa Gomes seedlings
to water deficit conditions. We evaluated the photosynthetic rate, internal carbon
concentration, transpiration rate, stomatal conductance, water-use efficiency, photosystem II
quantum efficiency (Fv/Fm), instantaneous carboxylation efficiency, chlorophyll index, and
recuperation potential of H. speciosa seedlings after rehydration. Twelve month-old seedlings
were used that were maintained at 70% of their soil water retention capacity under 70%
shading. Data was collected 7, 10, 12, 14, 16, 18, 20, 23, 31, 33, 35, 37, 42, 44, 46, and 48
days after suspending irrigation; irrigation was reinitiated when the photosynthetic rate
approached zero. Water deficit conditions reduced all of the parameters evaluated except the
chlorophyll index; stressed seedlings required 42 days for the photosynthetic rate to reach
zero, but photosynthetic equilibrium was reestablished just five days after rehydration. This
temporary water deficiency did not cause any permanent deleterious effects on the
photosynthetic apparatus of the seedlings.

Keywords: Cerrado, stress, photosynthesis, mangaba
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Trocas gasosas e atividade fotossintética em mudas de Hancornia speciosa Gomes sob

déficit hidrico e reidratacéo

Resumo - Este trabalho foi realizado com o objetivo de avaliar as respostas das mudas de
Hancornia speciosa Gomes ao déficit hidrico. Foram avaliadas a taxa fotossintética,
concentracdo interna de carbono, taxa transpiratdria, condutancia estomatica, eficiéncia no
uso da agua, eficiéncia quantica do fotossistema Il (Fv/Fm), eficiéncia instantanea de
carboxilacdo e indice de clorofila além do potencial de recuperacdo das mudas apés a
reidratacdo. Foram utilizadas mudas com 12 meses de idade, cultivadas a 70% de capacidade
de retencdo de agua e 70% de sombreamento. As coletas dos dados foram realizadas aos 7,
10, 12, 14, 16, 18, 20, 23, 31, 33, 35, 37, 42, 44, 46, 48 dias ap0Os suspensdo da irrigacao e
guando a taxa fotossintética se aproximou de zero , houve retomada da irrigagdo. O déficit
hidrico reduziu todas as caracteristicas avaliadas exceto o indice de clorofila, as mudas
estressadas levaram 42 dias para que a taxa fotossintética chegasse a zero mas restabeleceram
o equilibrio fotossintético em apenas 5 dias ap0s a reidratacdo. A deficiéncia hidrica ndo

provocou efeito deletério no aparelho fotossintético.

Palavras-chave: Cerrado, estresse, fotossintese, mangaba
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Introduction

Hancornia speciosa Gomes (family Apocinaceae), locally known as "mangaba”,
is a native tree found in southeastern, central-western, northern, and northeastern Brazil. Its
fruits are very delicious and have high nutritional value, being consumed in natura or used to
make juices, dried fruits, jams, syrups, wines, and vinegar (BARROS et al., 2010; SANTOS
et al., 2010). The populations of this typical species of the Cerrado biome (Neotropical
savanna) have been drastically reduced due to anthropogenic impacts. The general situation of
abandonment and poor treatment of "mangaba"” trees has been partially alleviated by the
efforts of some farmers to establish structured plantations of these trees in response to the
high demand and high prices of their fruits (SOUZA et al., 2007). However, very little
information is currently available about the ecophysiology of the seedlings of this species.

Mechanisms of water deficit tolerance have been examined in various plant
species and the results have been used to speed the recuperation of degraded areas and in
seedling production. Plant responses to water deficits include the closing of their stomata,
reductions in transpiration and the alteration of factors related to photosynthetic activity,
leading to reductions in photoassimilate production (CALBO & MORAES, 1997;
MEDRANO et al., 2002; QUEIROZ et al., 2002; OLIVEIRA et al., 2002; PARRY et al.,
2002; FRANCO, 2006; MAGALHAES FILHO et al., 2008; GONCALVES et al., 2009;
SILVA et al., 2009)

The present work evaluated the gas exchange and the photosynthetic activities of
Hancornia speciosa Gomes seedlings and examined their tolerance to water deficits as well as

their metabolic recuperation after rehydration.

Matherial and Methods
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The experimental procedures described here were undertaken under greenhouse
divisions at the Faculdade de Ciéncias Agrérias da Universidade Federal da Grande Dourados
(UFGD), located in the municipality of Dourados, Mato Grosso do Sul State (MS), Brazil
(22°13°16”S x  54°17°01>°W; at 430 m a.s.l.). The regional climate is classified as cwa (Mato
Grosso do Sul, 1990), with a mean annual rainfall of 1500 mm and a mean annual

temperature of 22 °C.

Hancornia speciosa Gomes ("mangaba™) seedlings were produced from seeds
derived from a native Cerrado population in MS. The seedlings were cultivated in
polyethylene recipients (5 kg capacity) in a substrate composed of 50% red distroferric latosol
and 50% de sand (v:v), under 70% shading. After 12 months the seedlings had heights
between 15.0 and 18.3 cm, stem diameters of 3.11 to 4.05 mm, 15 to 16 expanded leaves, and
primary roots from 25 to 33 cm long.

The growth substrate was hydrated to 70% of its water retention capacity (WRC)
and the seedlings subsequently separated into two treatment groups: 1 — Controls, which were
irrigated periodically to maintain their 70% WRC; and treatment 2 —characterized by water
stress, in which irrigation was suspended until the photosynthetic rates of the seedlings
attained near-zero values, at which time daily irrigation was reinitiated. During the
experimental period the seedlings were isolated from natural rainfall in a covered greenhouse.

The internal carbon concentrations (ci - mol m? s™); stomatal conductance (gs -
mol m? s™): transpiration (E - mmol m?s™); photosynthesis (A - u mol m?s™), instantaneous
carboxylation efficiency (A/ci - pmol m? s*/ mol m? s™), and water-use efficiency (A/E -
pmol de CO, / mmol de H,0O) of the seedlings were determined using an infrared gas analyzer
(IRGA) (model LCi PRO; Analytical Development Co. Ltda, Hoddesdon, UK). The water use
efficiency of the plants was calculated using the AJ/E ratio, and the instantaneous

carboxylation efficiency was calculated by the A/ci ratio.
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The chlorophyll index was determined with the aid of a chlorophyll measuring
device (Konica Minolta, SPAD 502). The PS Il photochemical quantum efficiency (Fv/Fm)
was determined with the aid of a portable fluorometer (Opty- sciences, model OS-30p),
examining leaves that had been maintained in the dark for 20 min. The leaves were
subsequently exposed to a pulse of saturating light for 5 seconds (intensity 3000 pmol ms%).

All measurements were performed between 08:00 and 10:00 in the morning on the
seventh day after suspending irrigation. All measurements were performed on a single
completely expanded leaf. Five seedlings from each treatment were evaluated 7, 10, 12, 14,
16, 18, 20, 23, 31, 33, 35, 37, 42, 44, 46, and 48 days after suspending irrigation. The
irregular intervals between evaluations reflect the necessity of performing the measurements
under similar climatic conditions (sunny days, without clouds). The evaluations were
terminated when the photosynthetic rate approached the initial (control) rate.

The data was processed in Excel for graphic representation and for calculating the
means and standard errors of each point.

Five adult plants growing in a natural environment in Cerrado vegetation in Mato
Grosso do Sul State, Brazil, were also characterized in terms of their gas exchange rates and
chlorophyll indices after a 30 day period with a total of 69.9 mm of rainfall (source: the
meteorological station at UFGD). These plants demonstrated the following parameters:
internal CO, concentration 244.5 +26.33 mol m™ s™; stomatal conductance 0.098+0.005 mol
m* s™; photosynthetic rate 5.94+1.11 pmol m™s™; transpiration rate 2.48+0.8 mmol m? s™;
instantaneous CO, carboxylation efficiency 0.024+0.004 pmol m? s/ mol m? s™*; water-use

efficiency 2.40+0.17 pumol CO, / mmol H,0, and chlorophyll index 49.08+1.95.
Results and Discussion

During the experimental period, the control seedlings of Hancornia speciosa

Gomes demonstrated average photosynthetic rates (A) of 2.29 pmol m™ s (Figure 1A). The
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seedlings exposed to water deficit conditions demonstrated significant variations in their
photosynthetic rates during the experimental period, with decreases after the 18th day until
the 42nd day of evaluation, when this parameter approached zero (0.125 umol m? s™) and

irrigation was reinitiated.
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Figure 1. Mean values of the photosynthetic rate (A), internal CO, concentration (B), transpiration rate (C),
stomatal conductance (D), water-use efficiency - A/E (E), PS Il photochemical quantum efficiency (F),
instantaneous carboxylation efficiency of CO, - A/Ci (G), and chlorophyll index (H), as a function of the
evaluation days among irrigated Hancornia speciosa Gomes seedlings submitted to water stress conditions. The

arrows indicate the re-initiation of irrigation, and the bars represent the standard errors of the means. UFGD.
Dourados-MS, 2013.
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After rehydration, the seedlings that had been exposed to water deficit conditions
rapidly reinitiated their photosynthetic metabolism, with corresponding elevations in their
photosynthetic rates, reaching control levels by the 47th day and an average of 2.585 pmol m”
2 s py the 48th day — thus surpassing the photosynthetic rate of the control seedlings. As
such, the previously stressed seedlings required only five days to recuperate their initial
photosynthetic rates.

In relation to internal CO2 concentrations (Ci), these values remained very similar
in the seedlings of both treatments, although the plants exposed to water deficit conditions
showed slightly lower concentrations of this gas during the evaluation period (Figure 1B).

The transpiration rates (E) of the stressed seedlings remained very similar to the
control seedlings until the 14th day after suspending irrigation (Figure 1C), after that time, the
stressed seedlings showed reductions in transpiration until the 42nd day when irrigation was
reinitiated, with a mean of 0.665 mmol m™ s™. Similar to the photosynthetic rate, the
transpiration rate recuperated quickly, and after 5 days of renewed irrigation the seedlings
demonstrated values similar to those of the control seedlings (2.88 mmol m?s™).

Stomatal conductance (gs) was low in seedlings exposed to water deficit
conditions, and remained low from the 18th to 42nd day (Figure 1D); recuperation occurred
with rehydration, reaching levels only slightly inferior to those of the control.

It could therefore be seen that with the re-initiation of irrigation the seedlings
showed recuperation of their photosynthetic rates, transpiration levels, stomatal conductance,
and CO, carboxylation efficiency by rubisco in only five days.

In relation to the water-use efficiency ratio (A/E), it was observed that both
treatments had similar efficiencies until approximately the 12th day of evaluation, after that
the stressed seedlings demonstrated greater water-use efficiency in relation to the controls

until approximately the 37th day (Figure 1E). The control seedlings had lower water-use



24

means (0.76 pmol of CO, / mmol of H,0) than those seen in the stressed plants (0.82 umol of
CO, / mmol of H,0).

The PS 11 photochemical quantum efficiency (Fv/Fm) of the control seedlings
demonstrated wide variations, with a mean of 0.77 (Figure 1F). Plants exposed to water
deficits also demonstrated variations until the 37th day of evaluation, after which their values
decreased, reaching a mean of 0.70 on the 43rd day; these values increased on the 48th day,
but never regained initial levels.

The mean values of the instantaneous CO, carboxylation efficiency were similar
in both treatments until the 35th day, when the water-stressed seedlings demonstrated a
pronounced drop (Figure 1G). The stressed plants showed rapid recuperation after
rehydration, reaching control values by the 46th day of evaluation.

The chlorophyll index of the "mangaba” seedlings was greater after suspending
irrigation, and remained high during the entire evaluation period (Figure 1H), with a
difference of approximately 8 units in relation to the controls, although this difference
decreased to approximately 3 units at the end of the evaluation period as the control seedlings
demonstrated corresponding increases in their chlorophyll indexes.

Reductions of stomatal conductance did not appear to be the principal cause of
reductions in the photosynthetic rates of stressed H. speciosa seedlings as their internal carbon
concentrations remained similar to those of the controls. However, the observed reduction in
gs was certainly responsible for reduced transpiration indices that remained low until the 42nd
day of evaluation when the photosynthetic rate approached zero and irrigation was reinitiated.

Stomatal conductance oscillated for the first 18 days after suspending irrigation,
with subsequent slow reductions until the 42nd day, although internal CO2 concentrations
remained high until irrigation was resumed. This behavior suggests that other factors act in

controlling photosynthesis. A drop in stomatal conductance normally indicates the partial
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closing of the stomata due to dehydration of the guard cells, or as a hormonal response —
representing one of the first lines of defense of plants faced with a soil-water deficiency. This
mechanism reduces water losses due to transpiration, but also impedes CO, assimilation and
photosynthetic processes (DIAS & MARENCO, 2007; MAGALHAES FILHO et al., 2008).

As such, the observed reductions in the photosynthetic rates of water-stressed
seedlings can be attributed to reductions in stomatal conductance associated with the
reduction of rubisco CO, carboxylation efficiency; reductions in A/ci in H. speciosa only
became strongly pronounced after the 35th day of evaluation, however, when there was also a
major decrease in the photosynthetic rate. According to Medrano et al. (2002) and Parry et al.
(2002) drought conditions reduce mesophyll metabolism by diminishing the activation and
activity of rubisco carboxylase. Reduced rubisco efficiency can be caused by increased
mesophyll resistance due to stomatal closing, thus restricting the absorption of CO, by the
chloroplasts and possibly increasing the action of rubisco oxygenase and, consequently,
photorespiration.

The reduction of stomatal conductance became more pronounced around the 10th
day after suspending irrigation, and the decrease in the transpiration rate after the 18th day,
and became more rapid than the decrease in the photosynthetic rate after the 23rd day. Even
after reinitiating the irrigation of the H. speciosa seedlings, the gs values of the stressed
seedlings did not fully recover to the levels of the control seedlings, suggesting that the
stomata of stressed plants only slowly recovered their hydration — different from the more
rapid recuperation observed for the photosynthetic rate, transpiration rate, and internal carbon
concentrations. These results were apparently due to the decreased water availability in the
plants and the diminished water potentials of the leaves — leading to a loss of turgor and
consequently to reductions in stomatal conductance and photosynthetic rates (MEDRANO et

al., 2002).
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These results suggest the existence of growth substance mediated signaling
between the roots and the aerial portion of the plant, probably by abscisic acid produced by
the roots, thus allowing the maintenance of higher humidity levels in the leaves for longer
periods of time even while the soil is progressively drying (MAGALHAES FILHO et al.,
2008).

Results similar to those reported here for H. speciosa have been observed in other
species. Stomatal responses to water deficit conditions in genotypes of Spondias tuberosa
Arruda ("umbu™) suggest that stomatal closing represents the first line of defense against
desiccation (SILVA et al., 2009). The recuperation of photosynthesis, transpiration, and the
water potential in Bactris gasipaes Kunth (“pupunha™) seedlings was observed three days
after reinitiating irrigation, while stomatal conductance only increased by 50% in that same
period (OLIVEIRA et al., 2002). Recuperation of 70% conductance five days after
reestablishing irrigation was reported by Calbo (1996) in Mauritia vinifera Mart. ("buriti™),
and 90% recuperation after 14 days in Euterpe oleraceae Mart. (“acgaizeiros™). The internal
CO2 concentrations of Mauritia vinifera Mart. (“buritizeiro™) were found to remain more or
less constant, without any obvious direct relationship with stomatal conductance (CALBO &
MORAES, 1997).

The water-use efficiency of water-stressed H. speciosa seedlings was generally
greater than that of controls during the period when the photosynthetic and transpiration rates
became reduced (between the 16th and 37th day after suspending irrigation), although their
water-use efficiency diminished with increasing stress after the 37th day, as the lack of
available water produced more intense reductions in the transpiration rate (reaching near-zero
levels by the 42" day). The metabolic processes reinitiated after rehydration, leading to an
increase in this ratio due to significant increases in the photosynthetic rate in relation to

transpiration.
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Rocha & Moraes (1997) noted similar responses in Stryphnodendron adstringens
(Mart.) Coville to those reported here for H. speciosa, with increases in water use efficiency
when stomatal conductance and transpiration were lowest. Both species are probably well
adapted to low water conditions, as water-use efficiency is defined as the quantity of CO,
fixed even while the plants are actively limiting water losses. As such, the greater the ratio of
CO fixed to water lost, the greater the water-use efficiency of that plant.

In relation to PS Il photochemical quantum efficiency, it was seen that the water
deficit conditions experienced by the stressed seedlings did not cause irreversible damage to
the photosynthetic apparatus (with means of 0.77); although these values reached 0.7 from the
42nd to 44th day, there was essentially complete final recuperation of the Fv/Fm values and
of the photosynthetic rate. Plants with intact photosynthetic apparatuses will have maximum
chlorophyll  fluorescence values (Fv/Fm) between 0.75 and 0.85 (BOLHAR-
NORDENKAMPF et al., 1989), with any decrease in this ratio reflecting photo-inhibitory
damage to the PSII reaction centers (BJORKMAN E DINMING, 1987; THACH et al., 2007).

The chlorophyll values demonstrated a definite pattern in relation to the water
deficit. The maintenance of high chlorophyll levels in seedlings cultivated under water deficit
regimes can be attributed to the fact that less hydration resulted in apparent higher
concentrations of these pigments in the cells.

The results of the present work indicate that H. speciosa seedlings exposed to
water stress conditions under low light levels (70% shading) show reduced photosynthetic
activities, reaching near-zero values 42 days after suspending irrigation; this reduction was
due to stomatal conductance limitations and low rubisco carboxylation efficiency — and not to

irreversible damage to photosystem II.

Conclusion
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Water deficits reduced all of the parameters evaluated except the chlorophyll
index. Stressed seedlings required 42 days for their photosynthetic rates to approach zero, but
were able to reestablish photosynthetic equilibrium just five days after rehydration. Water
deficits did not cause any deleterious effects on the photosynthetic apparatus of stressed

seedlings.
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CAPITULO II - Gas exchange and photosynthetic activity in Caryocar brasiliense

Cambess. seedlings under water deficit conditions and during rehydration

Abstract - The present study evaluated gas exchange and the photosynthetic activity of
Caryocar brasiliense Cambess seedlings under water deficit conditions and their capacity for
recuperation after rehydration. Twenty month-old seedlings were used, being evaluated 7, 10,
12, 14, 16, 18, 20, 23 and 31 days after suspending irrigation; irrigation was reinitiated when
their photosynthetic rate reached near-zero values. Control seedlings were maintained at 70%
of their soil water retention capacity under 70% shading. We evaluated the plants’
photosynthetic rates, internal carbon concentrations, stomatal conductance, transpiration rates,
water-use efficiency, instantaneous carboxylation efficiency, chlorophyll index, and
photosystem Il quantum efficiency. All of the gas exchange parameters became reduced
following the suspension of irrigation. Twelve days were needed for the seedlings'
photosynthetic rates to approach zero; equilibrium was reestablished 11 days after re-initiating
irrigation, except in terms of internal CO2 concentrations and stomatal conductance. Our data
indicated that C. brasiliense seedlings subjected to water stress drastically reduced their
photosynthetic activities, reaching near-zero values 12 days after the suspension of irrigation,
and that this reduction was the result of the limitation of stomatal conductance and low
rubisco carboxylation efficiency — but not to irreversible damage to photosystem Il. All of
these parameters initiated recuperation with rehydration, but only the photosynthetic rate
reached initial control values (11 days after rehydration).

Keywords: Cerrado, stress, native fruit, pequi
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Trocas gasosas e atividade fotossintética em mudas de Caryocar brasiliense Cambess. sob

deficit hidrico e reidratacéo

Resumo - O presente estudo avaliou as trocas gasosas € a atividade fotossintética de mudas de
Caryocar brasiliense Cambess sob condicdes de déficit hidrico e sua capacidade de recuperacao
apos a reidratacdo . Foram utilizadas mudas de vinte meses de idade, sendo avaliada 7 , 10, 12, 14,
16, 18, 20, 23 e 31 dias ap6s a suspensado da irrigacdo. A irrigacdo foi reiniciada quando a taxa
fotossintética chegou perto de zero valores. As plantulas controle foram mantidos em 70% da sua
capacidade de retencao de agua no solo e sob 70% de sombreamento . Foram avaliadas as taxas de
fotossintese das plantas , as concentra¢des de carbono interno, condutancia estomatica,
transpiracdo, eficiéncia do uso da agua, eficiéncia instantanea de carboxilacdo, indice de clorofila e
a eficiéncia quantica do fotossistema Il (Fv/Fm). Todos os parametros de trocas gasosas foram
reduzidos apos a suspensdo da irrigacdo. Doze dias foram necessarios para taxas fotossintéticas das
mudas se aproximar de zero. O equilibrio foi restabelecido 11 dias apds a reidratacdo , exceto em
termos de concentragcdes de CO2 internos e condutancia estomatica. Nossos dados indicam que as
mudas de C. brasiliense submetidas a estresse hidrico reduziu drasticamente suas atividades
fotossintéticas , chegando a quase zero os valores 12 dias ap6s a suspensao da irrigagéo, e que esta
reducdo foi o resultado da limitacdo de condutancia estomatica e baixa eficiéncia de carboxilacdo
da rubisco, mas ndo causou danos irreversiveis ao fotossistema Il. Todos estes parametros iniciou
recuperacdo com reidratacdo , mas apenas a taxa fotossintética atingiu valores iniciais de controle

(11 dias apos a reidratacdo).

Palavras-chave: Cerrado, estresse, fruta nativa, pequi
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Introduction

Cerrado (Neotropical savanna) is the second largest Brazilian biome and,
according to a review prepared by Klink & Machado (2005), it demonstrates great
biodiversity— with more vascular plants than found in most other regions of the world. These
same authors noted, however, that the destruction of Cerrado ecosystems has been proceeding
rapidly and by 2004 approximately 55% of the total area of this biome had been deforested or
transformed through anthropogenic actions. As such, it will be important to better understand
the abiotic factors that can affect natural regeneration and/or reforestation programs using
native Cerrado plants.

Water deficits alter plant physiological processes, principally gas exchange, thus
limiting photosynthetic processes and the synthesis of organic solutes (and consequently the
growth and primary production of plants) as carbon absorption is restricted
(CHARTZOULAKIS et al., 2002). During the dry season the seedlings of woody Cerrado
species have been observed to have photosynthetic rates very near-zero, presumably due to
severe transpirations (FRANCO, 2006; MARIANO et al., 2009).

Although measurements of gas exchange as regulated by stomatal movements are
important in determining photosynthetic rates, they are not efficient in evaluating deleterious
stress effects on chloroplasts (DURAES, 2005). Reductions of photosynthetic activities due
environmental stress are the result of the inhibition of photosystem Il activity, and can be
evaluated as diminishing chlorophyll fluorescence (CAMEJO et al., 2005).

A number of researchers have examined the effects of water deficits on different
plant species to determine their tolerance mechanisms (MEDRANO et al., 2002; PARRY,
2002; FRANCO, 2006; MARIANO et al., 2009; GONCALVES et al., 2009; PACHECO et
al., 2011). The results of these investigations have been useful in arboreal species plantation

projects and could be used to perfect silvicultural techniques using species such as Caryocar
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brasiliense Cambess, a tropical tree of the Caryocaceae family. This tree (“pequi”) has
significant economic importance in the Cerrado biome in terms of its food and wood uses, and
the oil extracted from its seeds is used in cosmetic and pharmaceutical industries. This species
has received protected status due to its many uses, and these trees cannot be legally cut for
lumber in Brazil (ALMEIDA & SILVA, 1994; RIBEIRO, 1996; SILVA NETO & COSTA,
2010).

As such, the present work sought to investigate the characteristics of the
photosynthetic metabolism of "pequi” seedlings to determine their tolerance to water deficits

as well as their metabolic recuperation after rehydration.

Materials and Methods

The following experiments were carried out under greenhouse conditions at the
Faculdade de Ciéncias Agrarias of the Universidade Federal da Grande Dourados (UFGD),
located in the municipality of Dourados, Mato Grosso do Sul State, Brazil (22°13°16”S,
54°17°01°W; 430 m a.s.l.). The regional climate is classified as cwa (MATO GROSO DO
SUL, 1990), with a mean annual rainfall of 1500 mm and mean yearly temperature of 22 °C.

Caryocar brasiliense Cambess ("pequi®) seedlings were produced from seeds
harvested from a native population in the Cerrado region of southern Mato Grosso State. The
seedlings were cultivated in polyethylene planters (capacity 5 kg) in a substrate composed of
50% distroferric red latosols and 50% sand (v:v), under 70% shading. At twenty months the
seedlings had from 6 to 9 expanded leaves, were between 16.3 and 18.5 cm tall, with stem
diameters of from 3.22 to 4.52 mm and primary roots between 24.0 and 31.0 cm long.

The cultivation planters were hydrated to 70% of their soil water retention
capacity (WRC) and separated into two treatments: 1 — Control, where the seedlings were

irrigated periodically to maintain the WRC; 2 — Stress treatments, in which irrigation was
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suspended. Irrigation was suspended until the photosynthetic rates of the seedlings attained
near-zero levels; at that time irrigation was reinitiated and maintained on a daily basis. During
the experiments the seedlings were kept in an environment protected from natural rainfall.

The internal carbon concentrations (ci - mol m? s™); stomatal conductance (gs -
mol m? s™); transpiration rate (E - mmol m? s™); photosynthetic rate (A - p mol m? s™?),
instantaneous carboxylation efficiency (A/Ci - umol m? s/ mol m? s%), and water-use
efficiency (A/E - pmol de CO; / mmol de H,O) were determined using an infrared gas
analyzer (IRGA) (ADC, model LCi PRO; Analytical Development Co. Ltda, Hoddesdon,
UK). Water use efficiency was calculated using the A/E ratio, and the instantaneous
carboxylation efficiency was calculated from the A/ci ratio.

The chlorophyll index was obtained using a Konica Minolta, SPAD 502
chlorophyll analyzer. PS Il photochemical quantum efficiency (Fv/Fm) was determined using
a portable chlorophyll fluorometer (Opty- sciences, model OS-30p), examining leaves that
had been maintained in the dark for 20 minutes. The leaves were subsequently exposed to a
saturating light pulse (3000 pmol m™ s™) for 5 seconds.

All of the measurements were performed between 08:00 and 10:00 starting at the
seventh day after suspending irrigation. All measurements were performed on the same
completely expanded leaf. Five seedlings were used in each treatment and evaluations
undertaken 7, 10, 12, 14, 16, 18, 20, 23, 31 days after suspending the irrigation regime. The
irregular intervals between evaluations reflect the necessity of performing the measurements
under similar climatic conditions (sunny days, without clouds). The evaluations were
terminated when the photosynthetic rate approached the initial (control) rate.

The data was processed in Excel for graphic representation and for calculating the

standard errors and means of each point.
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Five adult plants growing in a natural environment in Cerrado vegetation in Mato
Grosso do Sul State, Brazil, were also characterized in terms of their gas exchange rates and
chlorophyll indices after a 30 day period with a total of 69.9 mm of rainfall (source: the

meteorological station at UFGD), resulting in the following data:

Table 1. Internal CO, concentrations (ci), stomatal conductance (gs), transpiration rate (E), photosynthetic rate
(A), instantaneous carboxylation efficiency (Alci), and water-use efficiency (A/E) of adult "pequi” plants
growing in an area of natural Cerrado vegetation. UFGD. Dourados-MS, 2013.

ci gs E A Alci AJE Chlorophyll
molm?s*  molm?s® mmolm?s umolm? pmolm?s? pmol CO,
! ! mol m2s* |/
mmol H,0

293.1+33.3 0.296+0.16 3.63+1.05 9.58+1.78  0.033#0.005 2.64+1.70 40.71+4.08

Results and Discussion

The mean photosynthetic rate of control seedlings of C. brasiliense was 7.485
umol m? s (Figure 1A). When the seedlings were submitted to water stress conditions there
was a pronounced decrease in their photosynthetic rates starting at the seventh day; by the 12
day their photosynthetic rates approached zero (0.280 pmol m™ s™1). Irrigation was reinitiated
at this time. This rehydration of the seedlings exposed to water stress conditions allowed them
to recuperate their photosynthetic metabolism and regain high photosynthetic levels, reaching
control levels by the 23rd day (with a mean value of 2.585 umol m?s™). The pequi seedlings
therefore required only 11 days to recuperate their initial photosynthetic rates.

The internal CO2 concentrations of the seedlings did not demonstrate the same
response to the water deficit as the photosynthetic rate (Figure 1B). Starting at the 14th day
the seedlings demonstrated a decrease in their internal CO2 concentrations, with a small
recuperation by the 18th day, although they did not re-attain values near those of the control

seedlings.
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The transpiration rates of the water stressed seedlings demonstrated reductions
similar to those of the photosynthetic rate. The transpiration values of the stressed seedlings
were inferior to those of the control seedlings during the entire evaluation period (Figure 1C).
The stressed seedlings demonstrated increases in their transpiration rates after re-initiating
irrigation, although the final values never attained equality with the control seedlings (6.26
and 8.55 mmol m™? s respectively). In contrast to the photosynthetic rate, and similar to
internal CO2 concentrations, the transpiration rate did not fully recuperate by the end of the
evaluation period.

The stomatal conductances of the control seedlings demonstrated only small
variations but were nonetheless smaller under water deficit conditions after the seventh day,
reaching near-zero values by the 12th day (0.03 mol m?s™) (Figure 1D). Conductance values
demonstrated only slow recuperations after rehydration, and did not attain initial control
values by the end of the experimental period.

The water-use efficiency (A/E) of the seedlings exposed to water deficit
conditions demonstrated lower values than the controls until the 14th day of evaluation
(Figure 1E); after rehydration, however, the A/E values were observed to be larger than those
of the control, reaching their peak on the 20th day (average 1.96 umol de CO, / mmol of
H.0). The control seedlings demonstrated an average A/E of 0.99 pumol of CO, / mmol of
H.0, below the value observed in stressed seedlings (average 1.27).

The PS Il quantum efficiency values (Fv/Fm) of the stressed seedlings
demonstrated an accentuated decrease in carboxylation efficiency, attaining near-zero values
by the 16th day after suspending irrigation; after re-initiating irrigation this efficiency
increased after the 18th day, demonstrating an average of 0.78 during subsequent evaluations

(Figure 1 F).
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Figure 1. Mean values of the photosynthetic rate (A), internal CO2 concentration (B), transpiration rate (C),
stomatal conductance (D), water-use efficiency - A/E (E), PS Il photochemical quantum efficiency (F),
instantaneous carboxylation efficiency of CO, - A/Ci (G), and chlorophyll index (H), as a function of the
evaluation days among irrigated Caryocar brasiliense Cambess seedlings submitted to water stress conditions.
The arrows indicate the re-initiation of irrigation, and the bars represent the standard errors of the means. UFGD.
Dourados-MS, 2013.

The instantaneous carboxylation efficiency (A/ci) of the stressed seedlings was

greater than that observed in the control seedlings, demonstrating an accentuated decrease
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between the seventh and 10th day of evaluation, with rapid recuperation after rehydration,
surpassing the control again by the 18th day (Figure 1G).

The chlorophyll index of the C. brasiliense seedlings varied little, with the
seedlings exposed to water deficit conditions demonstrating greater mean values than the
controls between the 12th and 20th days of evaluation (Figure 1H).

The observed decreases in the photosynthetic rates of C. brasiliense seedlings
could be attributed to reductions in their stomatal conductance (DIAS & MARENCO, 2007)
as this closing mechanism reduces transpiration and diminishes internal CO2 concentrations
in the mesophyll, thus gradually halting the photosynthetic processes of water stressed plants.

According to Pacheco et al. (2011), plants exposed to water stress conditions
normally have higher concentrations of abscisic acid (ABA) — a hormone that has various
physiological and developmental effects in plants and has been identified as a messenger for
water stress perception (and other environmental stress factors).

A reduction in stomatal conductance of C. brasiliense seedlings was observed on
the seventh day after suspending irrigation; transpiration remained stable and low until
approximate the 14th day, although photosynthesis was drastically reduced on the seventh day
of evaluation. After rehydration, gs values slowly recovered but did not attain the mean values
seen in the control seedlings, suggesting that the stomata of this species are slow in
rehydration recovery.

The observed results were caused by low water availability in the plants, which
diminished the water potential of their leaves and resulted in the loss of turgor, which
consequently reduced stomatal conductance and the photosynthetic rate (MEDRANO et al.,
2002). These results indicate the existence of adaptive mechanisms in C. brasiliense that can

diminish water losses under moderate water stress conditions.
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The stomatal conductance of pequi seedlings decreased during the first 12 days
immediately after interrupting irrigation, indicating that the gs response reflected decreased
soil humidity. This result suggests the existence of signaling between the plants roots and the
aerial portion intermediated by growth substances, probably abscisic acid, which is produced
by the roots and allows the maintenance of water levels in the leaves for longer periods of
time even though the soil is progressively drying (GOMES et al., 2004;: MAGALHAES
FILHO et al., 2008).

The fact that gs was reduced and Ci remained elevated in the seedlings until re-
initiating irrigation suggests that other factors act in controlling photosynthesis. According to
Medrano et al. (2002) and Parry et al. (2002), drought conditions reduce metabolism in the
mesophyll by diminishing the activation and activity of rubisco carboxylase. The lower
efficiency of rubisco may also be the result of greater mesophyll resistance due to stomatal
closure, restricting the absorption of CO, by the chloroplasts and increasing the action of
rubisco oxygenase and (consequently) photorespiration. This result can be visualized by the
rapid reduction in A/Ci, which represents the instantaneous carboxylation efficiency of CO,
by rubisco. The recuperation of gs in C. brasiliense was proportionally slower than A, which
would explain the observed decrease in Ci soon after the rehydration of the leaf tissues.

There were notable continuations of various metabolic processes after
rehydration, leading to an increase in water-use efficiency due to a significant increase in
photosynthetic processes and the maintenance of transpiration levels, reaching maximum
values (1.96) by the 20th day (8 days after re-initiating irrigation), with values slightly higher
than those of the control seedlings.

Responses to water deficits vary among different plant species. Mariano et al.
(2009) evaluated the effects of water stress conditions on the physiological characteristics of

Myracrodruon urundeuva Alleméo and observed similar tendencies to those seen in C.
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brasiliense, with transpiration showing a direct relationship with stomatal conductance,
resulting in less diffusion of CO, into the leaves and consequently reductions in
photosynthetic levels. The photosynthetic indicators in young Carapa guianensis Aubl. plants
decreased under water deficit conditions, reaching a near-zero photosynthetic rate at 21 days;
the recuperation of these indicators was observed approximately 8 days after reinitiating
irrigation, reestablishing all of the photosynthetic characteristics of normally irrigated plants
(GONCALVES et al., 2009).

Rocha & Moraes (1997) noted similar responses in Stryphnodendron adstringens
(Mart.) Coville to those reported for C. brasiliense. These authors observed an increase in
water use efficiency when stomatal conductance and transpiration levels were lowest. The
high water-use efficiency of the species indicates good adaptations to drought conditions, with
sufficient quantities of CO, being fixed for plant growth while water losses are contained in
order to maintain water resource equilibrium.

In relation to PS Il photochemical quantum efficiency, it was observed that water
deficits did not cause any permanent damage to the photosynthetic apparatus as means of 0.82
were subsequently observed, indicating recuperation of the photosynthetic rate and Fv/Fm
values. Plants with intact photosynthetic apparatuses will have maximum chlorophyll
fluorescence values (Fv/Fm) between 0.75 and 0.85 (BOLHAR-NORDENKAMPF et al.,
1989), with any decrease in this ratio reflecting photo inhibitory damage to the PSII reaction
centers (BJORKMAN & DINMING, 1987; THACH et al., 2007).

As such, the results obtained in the present work indicate that the water stress
conditions experienced by C. brasiliense seedlings were not severe enough to provoke
photoinhibition, and that the light collector complex of photosystem Il was not damaged.

These results are similar to those reported by Queiroz et al. (2002) in M. urundeuva seedlings,
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as the control seedlings had average values of 0.804 while seedlings after 14 days without
irrigation demonstrated values of 0.798.

The maintenance of high chlorophyll levels in seedlings cultivated under water
deficit regimes can be attributed to the fact that less hydration resulted in apparent higher
concentrations of these pigments in the cells. Although the chlorophyll index increased under
water deficit conditions, a yellowing of the leaves could be observed, indicating chlorosis.
Water deficits represent one of the environmental stress factors responsible for pigment losses
in leaves, due to ABA-induced relocation of metabolites to other parts of plant — causing
alterations in photosynthetic rates and alterations of the growth cycle of the plant. Coscolin et
al. (2011) noted in their review of the subject that reductions in chlorophyll and protein levels
can be characteristic symptoms of oxidative stress in plants exposed to low soil water
availability, representing the beginning of leaf senescence.

The data obtained in the present work indicates that C. brasiliense seedlings
exposed to water stress conditions under low light levels (70% shading) show reduced
photosynthetic activities, reaching near-zero values 12 days after suspending irrigation, and
that this reduction was due to stomatal conductance limitations and low rubisco carboxylation
efficiency — and not irreversible damage to photosystem I1. All of these parameters initiated
their recuperation after rehydration, but only the photosynthetic rate fully attained initial

values (11 days after rehydration).

Conclusion

Exposure to water deficit conditions reduced the values all of the parameters
examined in C. brasiliense with the exception of the chlorophyll index; the stressed seedlings
required only 12 days for their photosynthetic rate to approach zero, but were able to
reestablish photosynthetic equilibrium 11 days after a rehydration. The water deficit did not

cause any deleterious effects on the photosynthetic apparatus of the test seedlings.
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ANexo1l: Normas para Publicacdo da Revista Pesquisa Agropecuéria Brasileira (PAB)

Diretrizes para Autores
Escopo e politica editorial

A revista Pesquisa Agropecuaria Brasileira (PAB) € uma publicagdo mensal da Embrapa, que edita e publica
trabalhos técnico-cientificos originais, em portugués, espanhol ou inglés, resultantes de pesquisas de interesse
agropecudrio. A principal forma de contribuicdo é o Artigo, mas a PAB também publica Notas Cientificas e
Revisbes a convite do Editor.

Andlise dos artigos

A Comissdo Editorial faz a analise dos trabalhos antes de submeté-los a assessoria cientifica. Nessa analise,
consideram-se aspectos como escopo, apresentacdo do artigo segundo as normas da revista, formulacdo do
objetivo de forma clara, clareza da redagdo, fundamentagdo teérica, atualizagdo da revisdo da literatura,
coeréncia e precisdo da metodologia, resultados com contribuicdo significativa, discussdo dos fatos observados
em relacdo aos descritos na literatura, qualidade das tabelas e figuras, originalidade e consisténcia das
concluses. Apds a aplicacdo desses critérios, se 0 nimero de trabalhos aprovados ultrapassa a capacidade
mensal de publicacdo, é aplicado o critério da relevancia relativa, pelo qual sdo aprovados os trabalhos cuja
contribuicdo para o avanco do conhecimento cientifico é considerada mais significativa. Esse critério ¢ aplicado
somente aos trabalhos que atendem aos requisitos de qualidade para publicacdo na revista, mas que, em razao do
elevado nimero, ndo podem ser todos aprovados para publicacdo. Os trabalhos rejeitados sdo devolvidos aos
autores e os demais sao submetidos a analise de assessores cientificos, especialistas da area técnica do artigo.

Forma e preparacao de manuscritos

Os trabalhos enviados a PAB devem ser inéditos (ndo terem dados — tabelas e figuras — publicadas parcial ou
integralmente em nenhum outro veiculo de divulgacao técnico-cientifica, como boletins institucionais, anais de
eventos, comunicados técnicos, notas cientificas etc.) e ndo podem ter sido encaminhados simultaneamente a
outro periddico cientifico ou técnico. Dados publicados na forma de resumos, com mais de 250 palavras, nao
devem ser incluidos no trabalho.

- Sdo considerados, para publicacdo, os seguintes tipos de trabalho: Artigos Cientificos, Notas Cientificas e
Artigos de Reviséo, este ultimo a convite do Editor.

- Os trabalhos publicados na PAB sdo agrupados em areas técnicas, cujas principais sdo: Entomologia, Fisiologia
Vegetal, Fitopatologia, Fitotecnia, Fruticultura, Genética, Microbiologia, Nutricdo Mineral, Solos e Zootecnia.

- O texto deve ser digitado no editor de texto Microsoft Word, em espacgo duplo, fonte Times New Roman, corpo
12, folha formato A4, com margens de 2,5 cm e com péginas e linhas numeradas.

Informac0es necessarias na submissao on-line de trabalhos

No passo 1 da submissao (Inicio), em “comentarios ao editor”, informar a relevincia e o aspecto inédito do
trabalho.

No passo 2 da submissdo (Transferéncia do manuscrito), carregar o trabalho completo em arquivo Microsoft
Word.

No passo 3 da submissdo (Inclusdo de metadados), em “resumo da biografia” de cada autor, informar o link do
sistema de curriculos lattes (ex.: http:/lattes.cnpq.br/0577680271652459). Clicar em “incluir autor” para inserir
todos os coautores do trabalho, na ordem de autoria.

Ainda no passo 3, copiar e colar o titulo, resumo e termos para indexacdo (key words) do trabalho nos
respectivos campos do sistema.



47

No passo 4 da submissdo (Transferéncia de documentos suplementares), carregar, no sistema on-line da revista
PAB, um arquivo Word com todas as cartas (mensagens) de concordancia dos coautores coladas conforme as
explicacOes abaixo:

- Colar um e-mail no arquivo word de cada coautor de concordancia com o seguinte contetido:

“Eu, ..., concordo com o conteudo do trabalho intitulado “.....” ¢ com a submissdo para a publica¢do na revista
PAB.
Como fazer:

Peca ao coautor que lhe envie um e-mail de concordéncia, encaminhe-o para o0 seu proprio e-mail (assim geraré
os dados da mensagem original: assunto, data, de e para), marque todo o email e copie e depois cole no arquivo
word. Assim, teremos todas as cartas de concordancias dos co-autores num mesmo arquivo.

Organizac¢do do Artigo Cientifico

A ordenacdo do artigo deve ser feita da seguinte forma:

- Artigos em inglés - Titulo, autoria, enderegos institucionais e eletrdnicos, Abstract, Index terms, titulo em
portugués, Resumo, Termos para indexacdo, Introduction, Materials and Methods, Results and Discussion,
Conclusions, Acknowledgements, References, tables, figures.

- Artigos em espanhol - Titulo, autoria, enderegos institucionais e eletronicos, Resumen, Términos para
indexacion; titulo em inglés, Abstract, Index terms, Introduccién, Materiales y Métodos, Resultados y Discusion,
Conclusiones, Agradecimientos, Referencias, cuadros e figuras.

- O titulo, o resumo e os termos para indexacdo devem ser vertidos fielmente para o inglés, no caso de artigos
redigidos em portugués e espanhol, e para o portugués, no caso de artigos redigidos em inglés.

- O artigo cientifico deve ter, no maximo, 20 paginas, incluindo-se as ilustracdes (tabelas e figuras), que devem
ser limitadas a seis, sempre que possivel.

Titulo

- Deve representar o contetido e o objetivo do trabalho e ter no maximo 15 palavras, incluindo-se os artigos, as
preposicoes e as conjuncgdes.

- Deve ser grafado em letras minUsculas, exceto a letra inicial, e em negrito.
- Deve ser iniciado com palavras chaves e ndo com palavras como “efeito” ou “influéncia”.

- N&o deve conter nome cientifico, exceto de espécies pouco conhecidas; neste caso, apresentar somente 0 home
binério.

- Néo deve conter subtitulo, abreviacdes, formulas e simbolos.

- As palavras do titulo devem facilitar a recuperacéo do artigo por indices desenvolvidos por bases de dados que
catalogam a literatura.

Nomes dos autores
- Grafar os nomes dos autores com letra inicial mailscula, por extenso, separados por virgula; os dois Ultimos
sdo separados pela conjungdo “e”, “y” ou “and”, no caso de artigo em portugués, espanhol ou em inglés,

respectivamente.

- O (ltimo sobrenome de cada autor deve ser seguido de um nimero em algarismo arabico, em forma de
expoente, entre parénteses, correspondente a chamada de endereco do autor.
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Endereco dos autores

- S8o apresentados abaixo dos nomes dos autores, 0 nome e o enderego postal completos da instituicdo e o
endereco eletronico dos autores, indicados pelo nimero em algarismo arabico, entre parénteses, em forma de
expoente.

- Devem ser agrupados pelo endereco da instituicao.

- Os enderecos eletrdnicos de autores da mesma instituicdo devem ser separados por virgula.

Resumo

- O termo Resumo deve ser grafado em letras minUsculas, exceto a letra inicial, na margem esquerda, e separado
do texto por travessdo.

- Deve conter, no maximo, 200 palavras, incluindo nimeros, preposicfes, conjuncdes e artigos.

- Deve ser elaborado em frases curtas e conter o objetivo, o material e 0s métodos, os resultados e a concluséo.
- Né&o deve conter citacBes bibliograficas nem abreviaturas.

- O final do texto deve conter a principal conclusdo, com o verbo no presente do indicativo.

Termos para indexacao

- A expressdo Termos para indexacdo, seguida de dois-pontos, deve ser grafada em letras mindsculas, exceto a
letra inicial.

- Os termos devem ser separados por virgula e iniciados com letra mindscula.

- Devem ser no minimo trés e no maximo seis, considerando-se que um termo pode possuir duas ou mais
palavras.

- Nao devem conter palavras que componham o titulo.
- Devem conter o nome cientifico (s6 0 nome binario) da espécie estudada.

- Devem, preferencialmente, ser termos contidos no AGROVOC: Multilingual Agricultural Thesaurus ou
no Indice de Assuntos da base SciELO .

Introducéo
- A palavra Introducdo deve ser centralizada e grafada com letras minUsculas, exceto a letra inicial, e em negrito.

- Deve apresentar a justificativa para a realizacdo do trabalho, situar a importancia do problema cientifico a ser
solucionado e estabelecer sua relagdo com outros trabalhos publicados sobre o assunto.

- O dltimo parégrafo deve expressar o objetivo de forma coerente com o descrito no inicio do Resumo.
Material e Métodos

- A expressdo Material e Métodos deve ser centralizada e grafada em negrito; os termos Material e Métodos
devem ser grafados com letras mintsculas, exceto as letras iniciais.

- Deve ser organizado, de preferéncia, em ordem cronologica.

- Deve apresentar a descricdo do local, a data e o delineamento do experimento, e indicar os tratamentos, o
namero de repeticdes e o tamanho da unidade experimental.


http://seer.sct.embrapa.br/index.php/pab/manager/setup/%E2%80%9Dhttp:/www.fao.org/aims/ag_intro.htm%E2%80%9D
http://seer.sct.embrapa.br/index.php/pab/manager/setup/%E2%80%9Dhttp:/www.scielo.br%E2%80%9D
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- Deve conter a descricdo detalhada dos tratamentos e variaveis.

- Deve-se evitar 0 uso de abreviagOes ou as siglas.

- Os materiais e 0s métodos devem ser descritos de modo que outro pesquisador possa repetir o experimento.
- Devem ser evitados detalhes supérfluos e extensas descrigdes de técnicas de uso corrente.

- Deve conter informacao sobre os métodos estatisticos e as transformacdes de dados.

- Deve-se evitar 0 uso de subtitulos; quando indispensaveis, grafa-los em negrito, com letras mindsculas, exceto
a letra inicial, na margem esquerda da pagina.

Resultados e Discussao

- A expressdo Resultados e Discusséo deve ser centralizada e grafada em negrito, com letras mintsculas, exceto
a letra inicial.

- Todos os dados apresentados em tabelas ou figuras devem ser discutidos.
- As tabelas e figuras sdo citadas seqliencialmente.

- Os dados das tabelas e figuras ndo devem ser repetidos no texto, mas discutidos em relagdo aos apresentados
por outros autores.

- Evitar o uso de nomes de variaveis e tratamentos abreviados.
- Dados ndo apresentados ndo podem ser discutidos.

- Néo deve conter afirmagdes que ndo possam ser sustentadas pelos dados obtidos no préprio trabalho ou por
outros trabalhos citados.

- As chamadas as tabelas ou as figuras devem ser feitas no final da primeira oracdo do texto em questdo; se as
demais sentencas do paragrafo referirem-se a mesma tabela ou figura, ndo é necessaria nova chamada.

- Néo apresentar os mesmos dados em tabelas e em figuras.

- As novas descobertas devem ser confrontadas com o conhecimento anteriormente obtido.

Conclustes

- O termo Conclusdes deve ser centralizado e grafado em negrito, com letras minusculas, exceto a letra inicial.
- Devem ser apresentadas em frases curtas, sem comentarios adicionais, com o verbo no presente do indicativo.
- Devem ser elaboradas com base no objetivo do trabalho.

- N&o podem consistir no resumo dos resultados.

- Devem apresentar as novas descobertas da pesquisa.

- Devem ser numeradas e no maximo cinco.

Agradecimentos

- A palavra Agradecimentos deve ser centralizada e grafada em negrito, com letras mintsculas, exceto a letra
inicial.

- Devem ser breves e diretos, iniciando-se com “Ao, Aos, A ou As” (pessoas ou instituigdes).
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- Devem conter o motivo do agradecimento.
Referéncias
- A palavra Referéncias deve ser centralizada e grafada em negrito, com letras minasculas, exceto a letra inicial.

- Devem ser de fontes atuais e de periddicos: pelo menos 70% das referéncias devem ser dos Gltimos 10 anos e
70% de artigos de periddicos.

- Devem ser normalizadas de acordo com a NBR 6023 da ABNT, com as adaptagdes descritas a seguir.

- Devem ser apresentadas em ordem alfabética dos nomes dos autores, separados por ponto-e-virgula, sem
numeragéo.

- Devem apresentar os nomes de todos os autores da obra.

- Devem conter os titulos das obras ou dos periédicos grafados em negrito.

- Devem conter somente a obra consultada, no caso de citagdo de citacao.

- Todas as referéncias devem registrar uma data de publicacdo, mesmo que aproximada.

- Devem ser trinta, no maximo.

Exemplos:

- Artigos de Anais de Eventos (aceitos apenas trabalhos completos)

AHRENS, S. A fauna silvestre e 0 manejo sustentavel de ecossistemas florgstais. In: SI_MPOSIO LATINO-
AMERICANO SOBRE MANEJO FLORESTAL, 3., 2004, Santa Maria. Anais.Santa Maria: UFSM, Programa
de Pos-Graduagdo em Engenharia Florestal, 2004. p.153-162.

- Artigos de periédicos

SANTOS, M.A. dos; NICOLAS, M.F.; HUNGRIA, M. Identificacdo de QTL associados & simbiose entre
Bradyrhizobium japonicum, B. elkanii e soja.Pesquisa Agropecudria Brasileira, v.41, p.67-75, 2006.

- Capitulos de livros

AZEVEDO, D.M.P. de; NOBREGA, L.B. da; LIMA, E.F.;: BATISTA, F.A.S.; BELTRAO, N.E. de M. Manejo
cultural. In; AZEVEDO, D.M.P.; LIMA, E.F. (Ed.). O agroneg6cio da mamona no Brasil. Campina Grande:
Embrapa Algodao; Brasilia: Embrapa Informacéo Tecnolégica, 2001. p.121-160.

- Livros

OTSUBO, A.A.; LORENZI, J.O. Cultivo da mandioca na Regido Centro-Sul do Brasil. Dourados: Embrapa
Agropecudria Oeste; Cruz das Almas: Embrapa Mandioca e Fruticultura, 2004. 116p. (Embrapa Agropecuaria
Oeste. Sistemas de producéo, 6).

- Teses

HAMADA, E. Desenvolvimento fenoldgico do trigo (cultivar IAC 24 - Tucurui), comportamento espectral
e utilizacdo de imagens NOAA-AVHRR. 2000. 152p. Tese (Doutorado) - Universidade Estadual de Campinas,

Campinas.

- Fontes eletronicas
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EMBRAPA AGROPECUARIA OESTE. Avaliacdo dos impactos econdmicos, sociais e ambientais da
pesquisa da Embrapa Agropecuaria Oeste: relatério do ano de 2003. Dourados: Embrapa Agropecuaria Oeste,
2004. 97p. (Embrapa Agropecuaria Oeste. Documentos, 66). Disponivel em: . Acesso em: 18 abr. 2006.
Citac0es

- Né&o sdo aceitas citacbes de resumos, comunicacdo pessoal, documentos no prelo ou qualquer outra fonte, cujos
dados ndo tenham sido publicados. - A autocitacdo deve ser evitada. - Devem ser normalizadas de acordo com a
NBR 10520 da ABNT, com as adaptacdes descritas a seguir.

- Redacdo das citacBes dentro de parénteses

- Citacdo com um autor: sobrenome grafado com a primeira letra mailscula, seguido de virgula e ano de
publicacéo.

- Citagdo com dois autores: sobrenomes grafados com a primeira letra mailscula, separados pelo "e" comercial
(&), seguidos de virgula e ano de publicacéo.

- Citagdo com mais de dois autores: sobrenome do primeiro autor grafado com a primeira letra mailscula,
seguido da expressdo et al., em fonte normal, virgula e ano de publicacéo.

- Citagdo de mais de uma obra: deve obedecer a ordem cronoldgica e em seguida a ordem alfabética dos autores.

- Citag8o de mais de uma obra dos mesmos autores: 0s nomes destes ndo devem ser repetidos; colocar os anos de
publicacdo separados por virgula.

- Citacdo de citagdo: sobrenome do autor e ano de publicacdo do documento original, seguido da expressdo
“citado por” e da citagdo da obra consultada.

- Deve ser evitada a citagdo de citacdo, pois ha risco de erro de interpretacdo; no caso de uso de citacdo de
citacdo, somente a obra consultada deve constar da lista de referéncias.

- Redacdo das citacdes fora de parénteses

- CitacBes com os nomes dos autores incluidos na sentenca: seguem as orientacfes anteriores, com 0s anos de
publicacdo entre parénteses; sdo separadas por virgula.

Férmulas, expressoes e equagdes matematicas

- Devem ser iniciadas a margem esquerda da pagina e apresentar tamanho padronizado da fonte Times New
Roman.

- Nao devem apresentar letras em italico ou negrito, a excecdo de simbolos escritos convencionalmente em
italico.

Tabelas

- As tabelas devem ser numeradas seqiiencialmente, com algarismo arabico, e apresentadas em folhas separadas,
no final do texto, apos as referéncias.

- Devem ser auto-explicativas.

- Seus elementos essenciais sao: titulo, cabegalho, corpo (colunas e linhas) e coluna indicadora dos tratamentos
ou das variaveis.

- Os elementos complementares sdo: notas-de-rodapé e fontes bibliogréficas.

- O titulo, com ponto no final, deve ser precedido da palavra Tabela, em negrito; deve ser claro, conciso e
completo; deve incluir o nome (vulgar ou cientifico) da espécie e das variaveis dependentes.
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- No cabecalho, os nomes das varidveis que representam o contetido de cada coluna devem ser grafados por
extenso; se isso ndo for possivel, explicar o significado das abreviaturas no titulo ou nas notas-de-rodapé.

- Todas as unidades de medida devem ser apresentadas segundo o Sistema Internacional de Unidades.
- Nas colunas de dados, os valores numéricos devem ser alinhados pelo Gltimo algarismo.

- Nenhuma célula (cruzamento de linha com coluna) deve ficar vazia no corpo da tabela; dados ndo apresentados
devem ser representados por hifen, com uma nota-de-rodapé explicativa.

- Na comparacéo de médias de tratamentos sdo utilizadas, no corpo da tabela, na coluna ou na linha, a direita do
dado, letras mindsculas ou maitsculas, com a indicagdo em nota-de-rodapé do teste utilizado e a probabilidade.

- Devem ser usados fios horizontais para separar o cabegalho do titulo, e do corpo; usa-los ainda na base da
tabela, para separar o contelido dos elementos complementares. Fios horizontais adicionais podem ser usados
dentro do cabecalho e do corpo; ndo usar fios verticais.

- As tabelas devem ser editadas em arquivo Word, usando os recursos do menu Tabela; ndo fazer espagamento
utilizando a barra de espaco do teclado, mas o recurso recuo do menu Formatar Paragrafo.

- Notas de rodapé das tabelas

- Notas de fonte: indicam a origem dos dados que constam da tabela; as fontes devem constar nas referéncias.

- Notas de chamada: séo informacGes de carater especifico sobre partes da tabela, para conceituar dados. Séo
indicadas em algarismo arabico, na forma de expoente, entre parénteses, a direita da palavra ou do nimero, no
titulo, no cabegalho, no corpo ou na coluna indicadora. Sdo apresentadas de forma continua, sem mudanga de

linha, separadas por ponto.

- Para indicacéo de significancia estatistica, sdo utilizadas, no corpo da tabela, na forma de expoente, a direita do
dado, as chamadas ns (ndo-significativo); * e ** (significativo a 5 e 1% de probabilidade, respectivamente).

Figuras
- Sdo consideradas figuras: gréficos, desenhos, mapas e fotografias usados para ilustrar o texto.
- S6 devem acompanhar o texto quando forem absolutamente necessarias & documentagao dos fatos descritos.

- O titulo da figura, sem negrito, deve ser precedido da palavra Figura, do nimero em algarismo arabico, e do
ponto, em negrito.

- Devem ser auto-explicativas.

- A legenda (chave das convencdes adotadas) deve ser incluida no corpo da figura, no titulo, ou entre a figura e o
titulo.

- Nos graficos, as designagdes das varidveis dos eixos X e Y devem ter iniciais maiusculas, e devem ser seguidas
das unidades entre parénteses.

- Figuras ndo-originais devem conter, ap6s o titulo, a fonte de onde foram extraidas; as fontes devem ser
referenciadas.

- O crédito para o autor de fotografias é obrigatério, como também é obrigatério o crédito para o autor de
desenhos e graficos que tenham exigido agdo criativa em sua elaboracdo. - As unidades, a fonte (Times New
Roman) e o corpo das letras em todas as figuras devem ser padronizados.

- Os pontos das curvas devem ser representados por marcadores contrastantes, como: circulo, quadrado,
triangulo ou losango (cheios ou vazios).
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- Os numeros que representam as grandezas e respectivas marcas devem ficar fora do quadrante.

- As curvas devem ser identificadas na propria figura, evitando o excesso de informagdes que comprometa o
entendimento do gréfico.

- Devem ser elaboradas de forma a apresentar qualidade necesséaria a boa reproducdo grafica e medir 8,5 ou 17,5
cm de largura.

- Devem ser gravadas nos programas Word, Excel ou Corel Draw, para possibilitar a edicdo em possiveis
correcdes.

- Usar fios com, no minimo, 3/4 ponto de espessura.

- No caso de grafico de barras e colunas, usar escala de cinza (exemplo: 0, 25, 50, 75 e 100%, para cinco
variaveis).

- N&o usar negrito nas figuras.

- As figuras na forma de fotografias devem ter resolucdo de, no minimo, 300 dpi e ser gravadas em arquivos
extensdo TIF, separados do arquivo do texto.

- Evitar usar cores nas figuras; as fotografias, porém, podem ser coloridas.
Notas Cientificas

- Notas cientificas s@o breves comunicaces, cuja publicacdo imediata é justificada, por se tratar de fato inédito
de importancia, mas com volume insuficiente para constituir um artigo cientifico completo.

Apresentacdo de Notas Cientificas

- A ordenacdo da Nota Cientifica deve ser feita da seguinte forma: titulo, autoria (com as chamadas para
endereco dos autores), Resumo, Termos para indexacdo, titulo em inglés, Abstract, Index terms, texto
propriamente dito (incluindo introdugdo, material e métodos, resultados e discussdo, e conclusdo, sem divisdo),
Referéncias, tabelas e figuras.

- As normas de apresentacéo da Nota Cientifica sdo as mesmas do Artigo Cientifico, exceto nos seguintes casos:
- Resumo com 100 palavras, no maximo.

- Deve ter apenas oito paginas, incluindo-se tabelas e figuras.

- Deve apresentar, no maximo, 15 referéncias e duas ilustragdes (tabelas e figuras).

Outras informacdes

- Né&o ha cobranca de taxa de publicacéo.

- Os manuscritos aprovados para publicagdo sdo revisados por no minimo dois especialistas.

- O editor e a assessoria cientifica reservam-se o direito de solicitar modificagGes nos artigos e de decidir sobre a
sua publicacéo.

- S&o de exclusiva responsabilidade dos autores as opinides e conceitos emitidos nos trabalhos.

- Os trabalhos aceitos ndo podem ser reproduzidos, mesmo parcialmente, sem o consentimento expresso do
editor da PAB.

Contatos com a secretaria da revista podem ser feitos por telefone: (61)3448-4231 e 3273-9616, fax: (61)3340-
5483, via e-mail: pab@sct.embrapa.br ou pelos correios:



Embrapa Informagéo Tecnoldgica Pesquisa Agropecuaria Brasileira — PAB
Caixa Postal 040315 CEP 70770 901 Brasilia, DF

CondicGes para submissao
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Como parte do processo de submisséo, os autores sdo obrigados a verificar a conformidade da submissdo em
relacdo a todos os itens listados a seguir. As submissdes que ndo estiverem de acordo com as normas serdo

devolvidas aos autores.

O manuscrito deve ser inédito e ndo pode ter sido submetido, simultaneamente, a outro periédico, e seus
dados (tabelas e figuras) ndo podem ter sido publicados parcial ou totalmente em outros meio de
publicacdo técnicos ou cientificos (boletins institucionais, anais de eventos, comunicados técnicos,
notas cientificas, etc.).

O texto deve ser submetido no formato do Microsoft Word, em espaco duplo, escrito na fonte Times
New Roman 12, tamanho de papel A4, com péginas e linhas numeradas; e o arquivo ndo deve
ultrapassar o tamanho de 20 MB.

O artigo deve ter, no maximo, 20 paginas e tem que estar organizado na seguinte ordem: Titulo; nome
completo dos autores, seguido de endereco institucional e eletronico; Resumo; Termos para indexacéo;
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