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ABSTRACT — The rupestrian fields have two well-defined seasons throughout the year, with rainfall rates
that reflect the rainy and dry seasons. This distinction in water availability affects the morphology, physiology
and chemistry of plants, among other characteristics. Thus, it is aimed at evaluating the leaf water status,
vegetative phenology and photosynthetic behavior of Campomanesia adamantium from a rupestrian field
during the dry and rainy season. The study was conducted in Serra do Cipd, Minas Gerais, Brazil. From November
2011 to November 2012 it was examined vegetative phenophases and development of six individuals. Water
potential, stomatal conductance, quantum yield and concentration of pigments were evaluated from four leaves
of 3rd node per individual (n = 4-5) in the dry and rainy seasons. C. adamantium is an evergreen type and
presents mature leaves and sprouting throughout the year. This species showed strategies that reduce water
loss during the dry season in rupestrian field, such as decrease in stomatal conductance throughout the day,
also associated with a reduction in leaf water potential. However, low water availability did not affect the
photosynthetic performance, which enables the construction of new leaves and renovation of the crown even
in dry periods. Finally, little reduction in the values of Fv/Fm throughout the day and increase the values
of AF/Fm' in warmer times, both in the dry season, reiterates the ability of C. adamantium to adjust their
physiology to seasonal water deficit of the rupestrian field.

Keywords: Stomatal conductance; Water potential; Quantum yield.

RESPOSTAS FISIOLOGICAS E FENOLOGICAS VEGETATIVAS DE
Campomanesia adamantium (Cambess) O. Berg (Myrtaceae) A SAZONALIDADE
HIDRICA DO CAMPO RUPESTRE

RESUMO— Os campos rupestres apresentam duas esta¢oes bem definidas ao longo do ano, com taxas pluviométricas
que refletem nas estagdes chuvosa e seca. Essa distingdo na disponibilidade hidrica afeta a morfologia, fisiologia,
quimica, dentre outras caracteristicas das plantas. Dessa forma objetivou-se avaliar o status hidrico foliar,
o comportamento fenologico vegetativo e fotossintético de Campomanesia adamantium em campo rupestre
durante a estagdo seca e chuvosa. O estudo foi conduzido na Serra do Cipo, Minas Gerais, Brasil. De novembro
de 2011 a novembro de 2012 foi averiguado as fenofases vegetativas e o desenvolvimento de seis individuos.
Potencial hidrico, condutdncia estomatica, rendimento quantico e concentragdo de pigmentos foram adquiridos
de quatro folhas do 3° no por individuo (n= 4-5) nas esta¢des seca e chuvosa. C. adamantium é uma espécie
sempre-verde e apresenta folhas maduras e brotamento ao longo de todo o ano. Essa espécie demonstrou
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estratégias que minimizam a perda de agua durante o periodo seco no campo rupestre, como diminui¢do
na condutdncia estomdtica ao longo do dia na estag¢do seca, associada também com redugdo nos valores

de potencial hidrico foliar. Entretanto, a baixa disponibilidade hidrica ndo afetou no desempenho fotossintético,

o que possibilita a construgdo de folhas novas e renovag¢do da copa mesmo em periodos mais secos. Por

fim, a pouca redugdo nos valores de Fv/Fm ao longo do dia e aumento nos valores de AF/Fm'em horarios
mais quentes, ambos na estagdo seca, reitera a capacidade de C. adamantium em ajustar sua fisiologia

ao déficit hidrico sazonal do campo rupestre.

Palavras-chave: Condutdncia estomdtica, Potencial hidrico; Rendimento qudntico.

1. INTRODUCTION

Rupestrian fields typically have two well-defined
seasons during the course of the year, a rainy season
and a dry season, which are determined by rates of
rainfall (BELO et al., 2013). Seasonal water deficit in
plant species of Neotropical savannas occurs primarily
in the upper layers of the soil in the dry season
(FRANCO, 2002), and is responsible for frequent fires
(NEVES; CONCEICAO, 2010), while in the rainy season
water restriction is limited to critical periods during
the course of a day (MEINZER et al., 1999). Water
deficit can trigger a series of deficiencies for vegetative
development, as well as for the photosynthetic apparatus
(BAKER, 1993) and transpiration rates (NAVES-
BARBIERO et al., 2000), which require physiological
adjustments by the plant species that colonize seasonal
environments.

Rupestrian fields contain a rich floristic
composition and a high number of endemic and
endangered species (MENDONCA; LINS, 2000;
SILVEIRA et al., 2016). They are found in the states
of Minas Gerais, Bahia and Goias and the Distrito
Federal (GIULIETTI et al., 2000). In Minas Gerais,
Rupestrian fields are inserted in the Cerrado (GIULIETTI
etal., 1987) then, fits in this Biome (EITEN, 1972; 2001).
Rupestrian fields occur at elevations above 900 meters
and have a predominantly herbaceous-shrub
physiognomy with underdeveloped small trees (RAPINI
etal.,2008; VASCONCELOS, 2011). According to Rapini
etal. (2008), the Espinhagco Mountain Range contains
most of the Brazilian Rupestrian fields, occurring from
north of Chapada Diamantina in Bahia, to a Serra de
Ouro Branco, in Minas Gerais.

The vegetation of Rupestrian fields is
predominantly xeromorphic, with plants that are well
adapted to oligotrophic and acidic soils, exposure
to intense radiation, high winds and hydric limitations
(GIULIETTTI etal., 1997). Structures such as xylopodia
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provide an adequate water balance in certain species,
even during critical periods of the year (KOLBEK;
ALVES, 2008). Different strategies are also observed
regarding vegetative phenology, which enables carbon
balance and more efficient water use throughout the
year (OLIVEIRA, 1998). Evergreen species maintain
leaves in their crown throughout the year, while
deciduous and semi-deciduous species completely
loose their foliage, usually during periods of the year
with high evaporative demand of the air, thereby
reducing the transpiration rate (SARMIENTO et al.,
1985; FRANCO et al., 2005).

Although there is a great amount of knowledge
on the flora of Rupestrian fields, studies evaluating
ecophysiological strategies have been scarce. In
general, it is known that under low water availability
and high exposure to light, the photosynthetic system
can become photoinhibited and generate significant
reductions in photosynthesis (KRAUSE; WEIS, 1991).
Damage to the photosynthetic apparatus due to
excessive light has been observed in woody species
of the Cerrado (LUTTGE etal., 1998; LEMOS-FILHO,
2000). For Chamaecrista semaphora, an endemic
species of Rupestrian fields, decreases in water potential
were observed in the middle of the day, accompanied
by a significant decrease in values of potential quantum
yield of photosystem II (CASTRO et al., 2016). In
conjunction, the evaluation of chloroplastid pigment
content can also show the fit of plants to their
environment and are indicative of stress in plants
because it demonstrates the efficiency of light
absorption and energy transfer to the photosynthetic
apparatus (SOUZA etal.,2011).

The genus Campomanesia Ruiz & Pav. (Myrtaceae)
is represented by groups of trees and shrubs belonging
to the tribe Myrteae D.C. (LANDRUM, 1982). There are
29 species distributed from Argentina to the island of
Trinidad (KAWAZAKI, 2000). Campomanesia
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adamantium (Cambess.) O. Berg is a species native to
Brazil, where it is popularly known as “guabiroba”
(LORENZI et al., 2006). Its fruits contain 30 essential
oil components (VALLILO et al., 2006), which are used
for making liquors, juices and sweets (PIVA, 2002). The
leaves are marketed in Brazil and are used for the treatment
of diarrhea and urinary problems (PIVA, 2002).

The objective was to evaluate leaf water status
and vegetative phenological and photosynthetic behavior
of Campomanesia adamantium (Cambess.) O. Berg
(Myrtaceae) in an area of Rupestrian field, in order
to determine the strategies employed during the dry
and rainy seasons. It is hypothesized that seasonal
variation in water availability in Rupestrian fields enables:
1) Greater investment in photoassimilates for growth
in canopy area and in size of individuals in the rainy
season; 2) Greater budding preceding and during the
rainy season; 3) Decrease in potential and effective
quantum yield in the dry season; and 4) Decrease in
leaf water potential and stomatal conductance in the
dry season.

2. MATERIALAND METHODS

The study was conducted in a Rupestrian field
(20°01°90"S, 43°34°105"W), in Serra do Cip6 (Espinhago
Mountain Range, Minas Gerais, Brazil). Ecophysiology
and vegetative phenology were analyzed for
Campomanesia adamantium (Cambess.) O. Berg
(Myrtaceae). Voucher material was incorporated into
the herbarium of the Universidade Federal de Minas
Gerais (BHCB), with the record number 167052. Rainfall
data for November 2011 to November 2012 from the
Diamantina/Minas Gerais climatic station was made
available by the Instituto Nacional de Meteorologia
(INMET, 2015).

2.1. Leaf development and phenology

Monthly (November 2011 — November 2012)
measurements were made of six individual plants for
plant height (distance measured between the base of
the stem and the highest green branch), and length
and width of the canopy, with the aid of a tape measure.
The area of the canopy was calculated using the formula
for the area of an ellipse: A =a.b.w (where a =is the
semi-axis of the larger, and b = the semi-axis of the
smaller diameter). During the same period, phenophases
were recorded: 1- budding; 2- mature and green leaves;
and 3- leaf fall.
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2.2. Measurements of stomatal conductance,
chlorophyll a fluorescence, leaf water status and
pigments

All parameters were evaluated in the field, except
the pigments, in leaves of the 3" node of 4 or 5 individuals
per season. Results for the raining season were obtained
in February 2012, while the results for the dry season
were obtained in August 2012, both on sunny, cloudless
days.

Stomatal conductance (gs) was measured using
a Model LI-1600 LI-COR porometer every two hours
between 08:00-16:00 h. Readings were conducted on
the abaxial surface of the median third of the leaves.

Leaf water potential (y) was analyzed during
predawn hours (05:00-06:00 h), in the middle of the
day (12:00-14:00 h) and in the afternoon (16:00 -17:00 h),
using a Model 600 PMS pressure chamber (PMS
Instruments, Covalis, Oregon, USA).

The quantum yield of photosystem II (PSII) was
evaluated during the same period that stomatal
conductance was evaluated using a modulated
fluorescence meter (MINI-PAM, Walz). For effective
quantum yield (AF/Fm’) the leaves were subjected
to direct incidence of radiation, and for the measures
of potential quantum yield (Fv/Fm) the leaves were
adapted to the dark for 30 minutes. The light pulse
used was 3000 mmol m? s! and lasted 800 ms (RASCHER
etal., 2000). The AF/Fm’ was calculated as (Fm’-F)/
Fm’, where F is the fluorescence at a steady state
and Fm’ is the maximum fluorescence after a saturating
light pulse. For Fv/Fm, Fm is the maximum fluorescence
emitted after a pulse of saturating light, and Fv=F -
F, (F,minimum fluorescence of darkened leaf) (GENTY
etal., 1989).

For determining the concentration of photosynthetic
pigments, four leaf discs of 1cm? were obtained from
the middle third of 4 leaves from the 3" node of each
individual plant in both the dry and the rainy seasons.
The discs were immersed in 80% acetone in the field,
stored in amber bottles, and transported in coolers
for analysis 48 hours later. Maceration was conducted
in a bright room with green light. The samples were
centrifuged at 1000 rpm for 5 minutes in a Fanen Model
206BL centrifuge. Absorbance of the supernatant was
read at 470, 646 and 663nm using a spectrophotometer
(Thermo Spectronic Mod. Genesys 10UV). The calculation
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of the concentration of chlorophyll a, chlorophyll b,
total chlorophyll and carotenoids were performed
according to Lichtenthaler and Wellburn (1983).

2.3. Statistical Analysis

Normality and homogeneity of the data were tested
with Shapiro-Wilk’s test and Levene test, respectively,
prior to performing a one-way ANOVA followed by Tukey
and/or T-test for parametric results. Kruskal-Wallis followed
by Dunnett’s test were adopted for nonparametric data.
The Software JMP 5.0 (SAS Institute) was used to compare
the results obtained in the dry and rainy season. In
all the analyses a 5% significance was adopted.

3. RESULTS
3.1. Rainfall

Rainfall equal to or greater than 300 mm was observed
from November 2011 to January 2012 and in November
2012 (Figure 1A), representing the months of the greatest
rainfall in the rainy season. In the dry season, July
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and August were the months with the least amount
of rainfall, being less than 20 mm (Figure 1A).

3.2. Development and leaf phenology

The average growth in height of individual plants
was 14% over the sample period, with the highest average
being in November 2012 (Figure 1B). Reduction in the
average height of individual plants was recorded at the
end of the rainy season in March (Figure 1B). The canopy
area was greatest during the dry season in April and
May, with lower values in March (Figure 1C).

The studied individuals maintained mature, green
leaves throughout the year (Figure 1D). Budding leaves
were not observed between June and August, with
leaf production in all individuals being in September
and October (Figure 1D). This phenophase occurred
in all months of the rainy season, but varied among
the evaluated individuals (Figure 1D). Leaf abscission
was observed both in the dry and rainy seasons, but
only in July and August did this phenophase occur
in all individuals (Figure 1D).
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Figure 1 — Monthly accumulated rainfall (A) and average height (B), canopy area (C) and leaf phenology (D) of Campomanesia
adamantium from the Rupestrian field among the rainy and dry seasons.

Figura 1 — Precipitagdo acumulada mensal (4) e médias da altura (B), da area da copa (C) e fenologia vegetativa (D)
de Campomanesia adamantium no Campo Rupestre na estacdo chuvosa e seca.
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Figure 2 — Stomatal conductance average + SE (A), water potential = SE (B), Fv/Fm + SE (C) and AF/Fm’ + SE (D) of
Campomanesia adamantium from the Rupestrian field among the rainy and dry seasons. SE= Standard error.
Note: Means followed by the same letter do not differ statistically between seasons.

Figura 2 — Médias da condutdncia estomatica + EP (4), do potencial hidrico £+ EP (B), do Fv/Fm + EP (C) e do AF/
Fm’+ EP (D) de Campomanesia adamantium no Campo Rupestre na esta¢do chuvosa e seca. EP= Erro padrdo.
Obs.: Médias seguidas pela mesma letra entre as estagoes ndo diferem estatisticamente.

3.3. Stomatal conductance, chlorophyll @ fluorescence,
leaf water status and pigments

Stomatal conductance was highest at 08:00 h, 10:00
h and 16:00 h, in the rainy season, varying from 146 to
257 mmol.m? 5!, in comparison to the dry season varying
from 87 to 132 mmol.m?s! (Figure 2A). Leaf water potential
was lower in the predawn and dusk time periods in the
dry season, being around -2,2 Mpa in the predawn in
the dry season. In both seasons we observed a decrease
in values in the middle of the day, with the most marked
of such reductions being in the rainy season (Figure 2B).
Values of Fv/Fm did not exhibit differences between
the seasons (Figure 2C). In both seasons the values
were close to 0.8 throughout the day, being higher only
at dawn for the rainy season (Figure 2C). Values of AF/
Fm’ remained similar throughout the day, and only higher
at 10:00 h in the dry season, with low average values
(between 0.2 and 0.3) in both the dry and the rainy seasons
(Figure 2C). The analysis of pigments showed a higher
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concentration of total chlorophyll, chlorophyll a,
carotenoids and ratio of chlorophyll a/b during the
rainy season, and no difference in the ratio of total
chlorophyll/carotenoids and chlorophyll b between
seasons (Table 1).

4. DISCUSSION

Precipitation is one of the factors that can affect
vegetal development and plant phenology (BULHAO;
FIGUEIREDO, 2002; PIRANI et al., 2009). Although
C. adamantium is evergreen and emits leaves for most
of the year, the increase in leaf fall, especially during
periods of greater water restriction, reinforces the idea
that the species adopts strategies for dealing with the
seasonal drought of the Rupestrian fields. This idea
is reinforced by decreased values for stomatal
conductance and leaf water potential in the dry season,
which supports one of the hypotheses. However, the
values of AF/Fm’ were relatively low and not very different

Revista Arvore, Vicosa-MG, v.40, n.6, p.973-981, 2016
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Table 1 — Photosynthetic pigments concentration of Campomanesia adamantium + SE from the Rupestrian field along the rainy
and dry seasons. SE= Standard error. Note: Means followed by the same letter do not differ statistically between seasons.
Tabela 1 — Concentragdo de pigmentos fotossintéticos de Campomanesia adamantium + EP no Campo Rupestre na estagdo
chuvosa e seca. EP= Erro padrao. Obs.: Médias seguidas pela mesma letra entre as estacdes ndo diferem estatisticamente.

Seasons / Pigments (mg/cm?)

Dry season

Rainy season

Chl. a Chl. b Cars Total Chl. a/ Total Chl. a Chl. b Cars Total Chl. a/ Total
Chl. »  Chl. / Cars Chl. Chl. » Chl. / Cars

5,67 7,37 £ 405,03+ 418,08+ 0,77 = 1,03+ 11,18+ 8,14+ 611,69+ 631,02+ 1,37 £ 1,03+

0,6 b 0,9 a 20 b 22 a 0,01 b 0,003 a 0,39 a 0,22 a 26,8 a 27,2 b 0,05 a 0a

Chl. — Chlorophyll; Cars. - Carotenoids.

between the two seasons, and the values of Fv/Fm
remained around 0.8 with no significant change between
the rainy and dry seasons, showing that seasonal water
restriction only slightly affected photosynthetic
performance.

The phenological pattern observed in C.
adamantium may have been responsible for its steady
growth, beyond the influence of the characteristics
of the soil of Rupestrian fields (i.e., shallow and not
very fertile, which may hinder water retention; DIAS
etal., 2003). According to Borchert et al. (2002), leaf
loss during the dry season is a water conserving strategy
for plants, being caused by the stimulation of leaf
abscission by low relative humidity, as occurred with
C. adamantium. The pronounced leaf abscission at
the end of the dry season, and budding at the beginning
of the rainy season, that occurred with C. adamantium
may represent a reallocation of resources to the meristem,
and a return to growth and tissue formation in the rainy
season. Guilherme et al. (2011) suggested such
reallocation because of the temporal proximity of budding
and flowering in Cybistax antisyphilitica, strengthening
the possibility of using these resources for the growth
and formation of vegetal organs.

The marked seasonality of the Rupestrian field
affected stomatal control between seasons in the
individuals of C. adamantium evaluated, with stomatal
closure during the period of greatest water restriction.
Individuals of C. adamantium of the Cerrado of the
upper Jequitinhonha region (Minas Gerais) also controlled
stomatal opening, especially in the dry season in the
middle of the day, with values around 87 mmol.m s
'in the dry season and 378 mmol.m™ s™' in the rainy
season (LEMOS-FILHO, 2000). In the present study,
we also observed a decrease in the values of leaf water
potential in C. adamantium, and especially in the middle
of the day, in both the dry and rainy seasons,

Revista Arvore, Vicosa-MG, v.40, n.6, p.973-981, 2016

corroborating other studies that evaluated water status
of species of the Cerrado (BUCCI et al., 2005; FRANCO
etal., 2005; ROSSATTO etal., 2013).

The reduction of photosynthetic levels may be
the result of stomatal closure in the dry season and
in the rainy season, being more pronounced during
periods of higher water deficit. This response was
reported for individuals of Roupala montana of the
Cerrado by Franco (1998). For C. adamantium, the
marked seasonality in water availability did not bring
large differences in photosynthetic efficiency since
the Fv/Fm values were very stable and varied little
throughout the day. Liittge (1998) considered that Fv/
Fm values less than 0.8, after 30 minutes of adaptation
to dark, is indicative of photoinhibition of photosystem
IT in plants of Rupestrian field. Individual plants of
C. adamantium showed photoinhibition in both seasons,
but values higher than 0.8 were observed only at dawn
during the rainy season, and may be associated with
increased water availability during that period. In any
case, the decrease in Fv/Fm values was relatively low
throughout the day, even in the dry season, which
reinforces the idea that this species can tolerate the
seasonal water restriction in Rupestrian field. Liittge
et al. (2007), who evaluated photoinhibition in five
species of Velloziaceae in Rupestrian fields of Serra
do Cip6 during the rainy season, also observed values
greater than 0.8 at dawn, even with exposure of plants
to solar radiation during the day. Higher values of AF/
Fm’ in the dry season during hot times of the day (10:00
h) reaffirms the ability of this species to adjust its
physiology for better photosynthetic efficiency of PSII
in conditions of high irradiance and seasonal water
deficit.

Photosynthetic efficiency of plants, and
consequently their ability to grow and adapt to various
environments, is related to the concentration of pigments

SIIF
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(ENGEL; POGGIANI, 1991). Although marked differences
in photosynthetic efficiency between seasons was not
observed for C. adamantium, an increase in
photosynthetic pigments was seen during the rainy
season, indicating a seasonal influence on this parameter.
Increases in the concentrations of pigments during
the rainy season were also reported by Carvalho et
al. (2007) for plants of the Cerrado. These authors felt
that the high concentration of chlorophylls in this season
may be related to the presence of a new cohort of leaves.
Thus, the high concentration of chlorophyll a and
carotenoids observed for C. adamantium in the rainy
season may have contributed to Fv/Fm values being
greater than 0.8 in the early morning. This perception
was based on the results of Gomes et al. (2008), who
found higher photoinhibition in plants with low carotenoid
and chlorophyll content when grown unshaded.

5. CONCLUSION

Campomanesia adamantium is an evergreen species
and features mature leaves and buds throughout the
year, with an increase in leaf fall in the periods with
the greatest water deficit. Pronounced leaf abscission
at the end of the dry season and budding at the beginning
of the rainy season suggest reallocation of resources.
These reductions were accompanied by more negative
values of water potential, reaching -3,0 Mpa in the
middle of the day, which triggered greater restriction
to stomatal opening. These results in the dry season
show strategies that minimize the loss of water, which
is scarce in Rupestrian fields during this season.
However, the seasonal water deficit had little effect
on the photosynthetic performance of C. adamantium,
which is critical to building new leaves and renewing
the canopy in the dry season. Finally, the low variation
in Fv/Fm values throughout the day, even under water
restriction, associated with the increase in AF/Fm’ values
during the time of the day with high light exposure
in the dry season, reiterates the ability of C. adamantium
to respond well to seasonal water deficit typical of
Rupestrian fields.
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