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Abstract

High irradiance promotes decreases in the quantum yield in plants, which reduce the photosynthetic rate. The excess of
light in combination with water deficit can intensify the response of plants to stress, especially in species susceptible to
those factors. The aim of the present study was to characterize the photosynthetic activity of young jatoba-do-cerrado
(Hymenaea stigonocarpa Mart. ex Hayne) trees under different irradiance conditions, both alone and/or in combination
with water deficit. Four irradiances [45, 230, 510, and 1,700 pmol(photon) m2 s™!] and two levels of water in soil (90%
and 50% of field capacity) were used. Gas exchange, water potential, and chlorophyll a fluorescence were measured. The
highest rates of photosynthesis were observed under irradiances of 230 and 510 umol(photon) m? s~ Irradiance of
1,700 pmol(photon) m~2 s7! led to the photoinhibition of photosynthesis, as indicated by a reduced maximum quantum
yield of PSII, effective quantum yield ratio, and electron transport rate, as well as higher nonphotochemical quenching.
The most stressful to young H. stigonocarpa plants was high irradiance, while water deficit did not intensify the response
to light stress.
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Introduction

Jatoba-do-cerrado (Hymenaea stigonocarpa Mart. ex
Hayne) is an arboreous species belonging to the Fabaceae
family. It is distributed in the Brazilian Cerrado, mainly in
open Cerrado and Cerrado field formations; it grows
slowly with low water and nutritional requirements
(Carvalho 2007). The slow growth characterizes this
species as late secondary (Pereira et al. 2011). Hymenaea
stigonocarpa is the species with a great potential for
recovering damaged areas due to its size and the richness
of its roots (Lorenzi 2000). However, only few studies are
available that explore this species for its photosynthetic
capacity in contrasting environments of irradiance and
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water avail-ability. High light intensity and water
restriction, which are frequent environmental conditions in
a tropical climate, may be among the most significant
factors that prevent plant growth.

The Cerrado, located in the central region of Brazil, is
characterized by vegetation that range from grasslands,
savanna, and forest formations (Kanegae et al. 2000,
Capuzzo et al. 2012). It is also considered as a big
biodiversity center and one of the world hotspots (Myers
et al. 2000). Plants that occur in savannic formations, such
as Cerrado sensu stricto and Cerrado field, are frequently
exposed to stress, especially during the dry period.
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Fy — variable fluorescence; Fv/Fm — maximal quantum yield of PSII photochemistry; FC — field capacity; gs — stomatal conductance;
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This period is characterized by combined conditions of
high light intensity, water deficit, high temperatures, low
humidity, and high evaporative demand of the atmosphere
(Franco et al. 2007). In regions of the Brazilian Cerrado,
long periods of drought are common; it becomes a limiting
factor to the establishment and growth of young plants
(Kanegae et al. 2000).

Studies with the Hymenaea genus indicate that these
plants possess reduced capacity to acclimatize to high
irradiance and show a higher susceptibility to photo-
inhibition (Favaretto ef al. 2011, Dos Anjos et al. 2012),
which is a typical response of shade-tolerant plants. The
capacity to acclimatize to different light intensities
depends on characteristics intrinsic to the species (Wong
et al. 2012), such as its ontogeny, age, and successional
group, as well as the influence of environmental variations
in its habitat (Bauer and Thoni 1988). The ability of adult
plants to tolerate environmental stress increases during its
ontogeny as a result of higher nonstructural carbohydrate
reserves, when compared to juvenile plants that im-
mediately require the carbohydrates from photosynthesis
for their growth (Niinemets 2010). In adult plants,
morphological development, greater lignification of
tissues, greater root development, and hydraulic conduc-
tivity of the xylem confer tolerance to stressful conditions,
especially drought (Poorter and Markesteijn 2008).

Materials and methods

Locality and climate: The experiment was conducted at
the Laboratory of Ecophysiology and Plant Productivity at
the Instituto Federal Goiano, Campus Rio Verde, Goias,
Brazil, located at the following coordinates: latitude
17°48'07"S and longitude 50°54'21"W. Second to the
Koppen climate classification, the climate is type Aw
(rainy tropical savanna), characterized by a dry period
during the winter and a rainy period during the summer.
Instantaneous data on maximum and minimum tempera-
tures and relative humidity were collected at the
meteorological station of University of Rio Verde during
the period from July to September 2011, when the
experiments were realized. The vapor pressure deficit
(VPD) was calculated according to the equation used in
Jones (1992).

Plants: To obtain H. stigonocarpa seedlings, fruits were
collected from a single individual in an area of the Cerrado
that showed the appropriate sensu stricto plant
physiognomy. This tree was located at the Fontes do Saber
farm near the city of Rio Verde in southwestern Goias at
the following coordinates: latitude 17°47'24"S and
longitude 50°56'31"W. The mother plant was identified
and a voucher specimen was deposited in the herbarium of
the IF Goiano-Rio Verde Campus (IFRV), Goias, Brazil,
registered under the number IFRV41. Fruits were cut open
and the pulp covering the seeds was properly washed under
running water. Seeds were dried in a covered, well-

In tropical regions, the irradiance levels normally
exceed those that plants actually use in photosynthesis.
Under such circumstances, it becomes essential that plants
regulate the light-collecting apparatus to avoid damage to
the photosystems; they also need to dissipate excessive
absorbed energy by means of nonphotochemical
processes, minimizing photoxidative damage (Miiller et al.
2001). Under high irradiance, PSII is the first protein
complex to be affected, because the damage rate is higher
than that of repair (Melis 1999, Murata et al. 2007). The
processes of nonphotochemical quenching (NPQ) work as
photoprotective mechanisms for PSII because they are
associated to energy dissipation as heat by the xanthophyll
cycle (Miiller et al. 2001, Takahashi and Badger 2011).
Thus, measuring chlorophyll (Chl) a fluorescence
(Valladares and Pearcy 1997) provides information on the
state of photosynthesis in plants under conditions of high
luminosity (Gongalves and Santos Jr. 2005).

The present study investigated the hypothesis that
H. stigonocarpa seedlings are sensitive to high irradiance,
suffer from photoinhibition, and that water deficit may
intensify such a response. We aimed to characterize the
photosynthetic capacity of young plants of H. stigono-
carpa under contrasting irradiance conditions and the
combination of irradiance and water deficit.

ventilated area. Germination was carried out using the
method of mechanical scarification described by De-
Carvalho (2005). The prior-germinated seeds were trans-
ferred to 5-1 pots containing soil from the area where the
original plant was found. The soil used in this study was
identified as Oxisol typical (EMBRAPA, 1999), which,
according to the physicochemical analysis, has the fol-
lowing characteristics: pH in water 5.4, 1.8 mg(P) dm;
0.1 cmoly(K) dm>, 1.1 cmol(Ca) dm=; 0.6 cmol(Mg)
dm; 7.2 cmol. dm™ of H and Al; 2% of organic matter,
and 20.8% of base saturation; texture with 46.8% clay,
15.5% silt, and 37.6% sand. The pots were kept under
natural shade provided by the canopy of trees and
promoted for 70 d until two pairs of fully expanded leaves
were observed on the emerged plants.

Different light intensities: Variations in this factor were
chosen to try to reproduce the natural conditions found in
the Cerrado. Thus, three shelters were assembled, each one
with a total area of 3.36 m? (2.10 m long and 1.60 m wide),
and entirely covered with multiple layers of shade cloth to
obtain different irradiance levels. A shelter without shade
cloth was used to expose the plants to natural irradiance or
full sun.

Four growth environments regarding incident irradi-
ances [umol(photon) m? s7!] were tested: (a) 45 (L45),
(b) 230 (L230), (¢) 510 (L510), and (d) 1,700 (LF, full sun)
(Table 1). The values were obtained by evaluation
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Table 1. Environments with different irradiance intensities.

Environment  Irradiance [umol m2s™!] Covering

L45 45 Shade cloth

L230 230 Shade cloth

L510 510 Shade cloth

LF 1,700 Without shade cloth

of PAR at noon (12:00). Radiation was assessed using a
PAR sensor (QSO-S; Decagon Devices, Pullman, WA,
USA). In environments a, b, and ¢, the internal variations
of humidity and temperature were not measured. In
environment d, these characteristics were the same as those
collected at the meteorological station previously
mentioned.

Ten pots containing plants of the same height were
transferred to each of the different irradiance environ-
ments. The plants remained under these conditions for
54 d. The soil moisture in the pots was maintained at field
capacity (FC).

To evaluate the interference of light intensity upon the
physiology, seven physiological examinations of gas
exchange and Chl a fluorescence were performed. At the
beginning of the experiment, the plants were already 71 d
after germination. The evaluations started 12 d after the
plant transfer to the environments with different irradi-
ances, with weekly observations. All evaluations used only
full expanded leaves from the middle third of the plants
that displayed good physical and sanitary conditions. The
results presented here included the data from the first
(12 d) and the last evaluation (54 d).

The study was conducted in randomized blocks with a
4 x 7 factorial design, including four different irradiances
in the growth environment and seven time points. Ten
repetitions were performed for each treatment. The
resulting data were used for an analysis of variance
(ANOVA), and the averages were compared with Tukey’s
test (p<0.05) using the SAEG (“Sistema de Analises
Estatisticas Gerais”) version 9.0 software package. Plots
were made in SigmaPlot V.10 (Systat Software Inc., San
Jose, CA, USA).

Different light intensities combined with water regime
changes: After 54 d under the light conditions described
above, the same plants were exposed to an additional
changes in the water regime. Half of the pots in each of the
growth environments were maintained at 50% field
capacity (FC50), while the other half was maintained as
control at 90% FC (FC90). The water tension in the soil
was controlled by weighing and applying enough water for
the daily maintenance of the desired field capacity. The
plants remained under these experimental conditions for
14 d. Three assessments were performed to measure gas
exchange and Chl a fluorescence. Evaluations were
performed weekly on sunny days.

After 14 d of treatment, two more measurements of
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Chl a fluorescence were taken to evaluate the dynamics of
photoinhibition in the plants. The first measurement was
performed at noon (12:00 h), and the second one was
performed on the following day at 8:00 h. An effort was
made to use the same leaf from each plant. Leaf water
potential was measured at the end of the experiment.

The study was conducted in randomized blocks with a
4 x 2 x 3 factorial design with four irradiance conditions
in the growth environment, two water tensions in the soil
(90% and 50% FC), and three time points. Five repetitions
were performed for each treatment. The data were used for
an analysis of variance (ANOVA) and the averages were
compared by using Tukey’s test (p<0.05) in SAEG version
9.0. Graphs were made using SigmaPlot V.10 (Systat
Software Inc., San Jose, CA, USA).

Gas exchange and water status: The gas-exchange
characteristics of the H. stigonocarpa plants were mea-
sured to estimate photosynthetic rate (Px), transpiration
rate (E), stomatal conductance (gs), and the ratio between
internal and external CO, (C/C,). Measurements were
performed with a portable photosynthesis system (LCi
Light Systems, ADC Bioscientific, Herts, England). This
system is equipped with a light source, which consisted of
a support with an opening containing a 20 W dichroic
halogen lamp that created a photon flux density of 1,000
umol m~ s7!. Measurements were performed using CO,
and temperature under environment conditions.

Leaf water potential (¥,) was measured with a
Scholander pressure chamber (Model 3005-1412,
Soilmoisture Equipment Corp., Goleta, CA, USA). The
same completely expanded leaves as those used for the gas
exchange and Chl a fluorescence studies were used to
measure ¥,. To avoid water loss by transpiration, the
leaves were cut at the petiole insertion point, wrapped in a
plastic sac and stored in a styrofoam box. Assessments
were performed before dawn between 4:00-6:00 h to avoid
turgor pressure loss.

Chl a fluorescence was measured in parallel with the gas
exchange from the same leaf using a MINI-PAM (Walz,
Effeltrich, Germany) modulated fluorometer. Analyses
were performed by using the methods of Bilger ez al.
(1995) and Rascher et al. (2000). First, the leaves were
acclimated to the dark for 30 min; then, they were exposed
to a weak pulse of red light (0.03 umol m2 s™!) and the
initial fluorescence (Fo) was measured. Next, the leaves
were exposed to 0.8 s of saturating actinic light
(>6,000 umol m~2 s7!) and the maximum fluorescence was
measured (Fi). Using this data, the effective quantum
yield of PSII (Genty et al. 1989) was determined by
superimposing a saturating pulse of leaves that was
previously acclimated to ambient light and calculating
AF/Fu' = (Fn'— F)/Fr', where F is the maximum fluores-
cence during the saturating pulse. The AF/Fy,' was then
used to estimate the apparent electron transport rate (ETR)
as performed in Bilger et al. (1995) via the equation
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ETR = AF/F,' x PFD x 0.5 x 0.84, where PFD is the
photon flux density incident to the leaf, 0.5 is the value of

the fraction of the excitation energy that is distributed to
PSII (Laisk and Loreto 1996), and 0.84 is the value of the

Results

Climatic conditions: Air temperature during the experi-
ment period ranged from 18°C (minimum) to 33°C
(maximum). Maximum relative humidity was 56%, while
minimum was 43% and the VPD varied between 1.2 and
1.7 kPa.

Physiological characteristics of plants under different
light intensities

Gas exchange analysis showed a significant interaction
between irradiance and the number of days under different
growth environments. There was an increase in Py during
exposure to different irradiances, with the highest rates
being observed at 54 d, except plants under the highest
irradiance, which showed a significant reduction. Higher
Py [approximately 10 pmol(CO) m2 s7!] was observed in
plants grown at intermediate irradiances, i.e., L230 and
L510 (Table 2). The different levels of irradiance did not
influence the gsand C;/C, (Table 2) in any of the evaluated
periods. Otherwise, an increase in £ at 54 d occurred
independently of irradiance. When young plants of
H. stigonocarpa were exposed only to different light
intensities, the g, remained stable. However, under the
same condition, a reduction of Py occurred in plants grown
under LF.

Chl a fluorescence: Changing characteristics of Chl a
fluorescence were a function of the interaction between
irradiance and the number of days in the growth
environment. At 12 d after treatment, the values for
maximum quantum yield of PSII (F./Fn,) remained high
with an average of 0.82. However, plants under the highest
irradiance (LF) showed a reduced F,/Fy, value (0.64) at the
end of treatment (Table 2), indicating the occurrence of
photoinhibition.

The effective quantum yield of PSII (AF/Fy') was
higher in plants grown at irradiances of L230 and L510
after 12 d of treatment. At 54 d, there was a decrease in the
yield for plants grown at the extreme irradiances (L45 and
LF) (Table 2).

There was no interaction between the irradiance level
during growth and the time of treatment in the electron
transport rate (ETR) pattern that was similar to the AF/F,'
(Table 2). The level of irradiance during growth led to a
significant increase in ETR, with the highest rate being
measured in plants grown at L510 (Fig. 1). NPQ was
significantly higher at 54 d of treatment in plants grown at
the irradiance of LF (Table 2).

fraction of incident light that is absorbed by the leaves
(Ehleringer 1981). The Stern-Volmer NPQ coefficient was
calculated as NPQ = (Fn— Fn')/Fr' (Bilger and Bjérkman
1990).

Physiological characteristics under different light
intensities combined with water regime changes

Gas exchange and water potential: Gas exchange in
young H. stigonocarpa plants revealed only an interaction
between irradiance and days of treatment under different
light growth environments (Fig. 2). The Px, g, £, and
C/C, did not change significantly in plants grown at
irradiances of L45 and L.230 (Fig. 24-D). However, with
the exception of the C/C, (Fig. 2C), under irradiances of
L510 and LF, a reduction of Py, gs, and E occurred as a
function of the prolonged treatments. Independent of
irradiance, water deficit significantly reduced Px, gs, Ci/C,
and E in young plants of H. stigonocarpa in comparison
with the control plants (Fig. 3).

The water potential (W) of young H. stigonocarpa
plants was influenced by the growth irradiance and the
water regime, but in an independent fashion. The ¥, was
lower in plants under water deficit (Fig. 4) and in plants
grown under an irradiance of LF (Fig. 5), representing ca.
60% reduction in plants grown at L45.

Chl a fluorescence parameters were not significantly
affected by the water regime. However, there was an
interaction between irradiance level and treatment time.
The F./Fn decreased significantly over time in plants
grown under LF, reaching approximately 0.59 at the end
of the exposure period. At irradiances of L45, L230, and
L510, the F./Fn, values remained near 0.8 during the
experiment (Fig. 64). The AF/Fy' in plants under LF
decreased over time (Fig. 6B). However, more pronounced
decreases were observed under the extreme irradiances
(i.e., L45 and LF) during the experiment (Fig. 6B).

The ETR at 14 d of treatment was approximately 2.5
times lower in the plants receiving L45 and LF compared
to those grown under intermediate irradiances (Fig. 6C).
Unlike the ETR, the NPQ increased from 0.9 to 1.5 over
the course of the treatment in the plants receiving LF
irradiance. The values represented a greater than 65%
increase compared to plants grown under lower irradiances
(Fig. 6D).

Additional testing of photoinhibition dynamics
(Table 3) did not show recovery of F./Fy, values in the
plants grown under LF. The F./Fn values were 0.59 at
noon and 0.69 at 8:00 h the next day.
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Discussion

The ability of young plants to adjust physiologically and
morphologically according to changes in irradiance can be
decisive for their survival in new environments
(Yamashita et al. 2002). In this study, plants of H. stigono-
carpa demonstrated a high capacity for photosynthetic
acclimation, even at high irradiance, although it was
reduced by prolonging the time of exposure to such
conditions. This response was observed during the initial
period (12 d) of exposure to increasing light intensities,
where no changes in the characteristics of gas exchange
and Chl a fluorescence (with the exception of AF/Fy,') were
observed, demonstrating that this species has efficient
mechanisms to tolerate the excess of incident energy.
However, when conditions of excessive irradiance were
extended, these mechanisms did not prevent a damage of
the photosynthetic apparatus, as we observed after 54 d.
The decrease in Pn during this period under LF
environment suggests that in the juvenile stage, the plants
of this species are sensitive to excessive light and are
shade-tolerant. The stressful effects of irradiance in this
case were not associated with stomatal limitation in view
of its stability, but to the low efficiency of the
photochemical dissipation processes as demonstrated by
the presented fluorescence parameters.

At 12 d, the values of F.,/F;, remained about 0.80; at
54 d, these values were lower than 0.6 in the plants grown
at LF, indicating the occurrence of photoinhibition. The
plants grown at L510 showed a slight reduction in the
F./Fnm ratio but they showed values still within a range that
does not characterize photoinhibition. Decreased photo-
synthesis caused by photoinhibition is a condition that
generally occurs in plants that are exposed to excessive
light (Maxwell and Johnson 2000). Thus, it is essential that
plants frequently exposed to high irradiance, high
temperature, and low humidity maintain a balance between
the light absorbed by photosynthesis and the dissipation of
energy (Franco 2007).

Previous studies with another species of jatoba
(H. courbaril) have shown that the species is notably
sensitive to high irradiance, which results in decreased
F/Fm values (Silvestrini et al. 2007, Silva 2010, Favaretto
et al. 2011). Because the H. stigonocarpa is a shade-
tolerant species, a decreased F,/Fn, ratio under high
irradiance and rapid acclimatization to intermediate
irradiances is consistent with what is expected for a species
at this succession level. According to Dos Anjos et al.
(2012), photoinhibition susceptibility and the ability to
adjust to different light regimes are directly correlated with
this successional group.

Low photosynthetic rates of plants growing under high
irradiance are related to inefficient use of energy, which
can result in dissipation mechanisms such as heat or
fluorescence, and generally leads to a reduction in the
incorporation of CO, (Thach et al. 2007, Gongalves et al.
2010). Plants grown at irradiances of L230 and L510
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Table 2. Net photosynthetic rate (Pn), stomatal conductance (gs), ratio of internal and external concentration of COz2 (Ci/Cy), transpiration rate (£), maximal quantum yield of PSII
photochemistry (Fv/Fn), effective quantum yield of photosystem II (AF/Fi'), electron transport rate (ETR), and nonphotochemical quenching (NPQ) in young Hymenaea stigonocarpa

plants as a function of irradiance during growth and time of treatment. Averages followed by the same uppercase letters for the days and lowercase letters for the irradiances are not

significantly different according to Tukey's test (P<0.05). Values are the means + SE (# = 10).
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Fig. 1. Electron transport rate (ETR) in young Hymenaea
stigonocarpa plants as a function of irradiance during growth.
Averages followed by the same letters do not differ according to
Tukey’s test (P<0.05). The data are given as means (n = 10).

performed well photosynthetically. However, under irradi-
ance of L45, low AF/Fy,' and ETR values suggest that this
condition might be limiting to plant growth.

The decreases in F,/Fi, under high irradiance might be
explained by the plant low ability to protect against excess

absorbed light, as shown by the low values for AF/F,,' and
ETR, in plants grown at LF. The high NPQ values indicate
the occurrence of a mechanism used by plants to minimize
photoinhibition damage to photosynthetic apparatus under
high irradiance conditions (Franco ef al. 2007, Dos Anjos
et al. 2012). However, this increase in nonphotochemical
energy dissipation as heat was not sufficient to minimize
stress, indicating that these plants possessed a reduced
ability to endure high irradiances at a juvenile age. The
decrease in AF/F,,' as a function of increased irradiance
was similar to the behavior observed for ETR in the
present study. The reduction of AF/F,,' was also observed
in the tropical, arboreous species Cariniana legalis and
Rhamnidium elaeocarpum under high irradiance (Ribeiro
et al. 2005).

Under water-deficit conditions, other stress factors,
such as temperature (Aranda et al. 2012), irradiance
(Adibah and Ainuddin 2011), and salinity (Munns 2002),
have their effects intensified. Drought in a combination
with high irradiances can cause lower values of F./Fy, i.e.,
reducing photosynthetic efficiency (Lemos Filho 2000) of
tropical plants. However, in this study, water deficit did
not intensify photoinhibition in plants of H. stigonocarpa
under high irradiance, as evidenced by the lack of
interaction between these two factors in the statistical
analysis. On the other hand, when analyzed together,
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Fig. 2. (4) Net photosynthetic rate (Pn), (B) stomatal conductance (gs), (C) ratio of intercellular and ambient concentration of CO2
(Ci/Ca), and (D) transpiration rate (E) in young Hymenaea stigonocarpa plants as a function of irradiance during growth and the time
of treatment. Averages that are followed by the same uppercase letters between days and lowercase letters between irradiance levels
are not different according to Tukey's test (P<0.05). The given data are means (n = 10).
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Fig. 4. Water potential (Ww) in young Hymenaea stigonocarpa
plants as a function of the water regime. Averages followed by
the same letter are not different according to Tukey's test
(P<0.05). The data given here are averages (n = 60).

the long exposure period and high irradiance intensified
the damage to the photosynthetic apparatus in plants
grown under LF. The decrease in all characteristics of gas
exchange and Chl a fluorescence, independent of water
regime, confirmed that exposure time and irradiance were
the determining factors for photoinhibition of these plants.

Although we did not find a statistical interaction
between water regime and irradiance, water deficit caused
a reduction in Py, gs, Ci/C,, and E. The effect of water
deficit on reduced E was related to stomata closing in
response to reduced water availability, showing a direct
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Fig. 5. Water potential (¥'w) in young H. stigonocarpa plants as
a function of irradiance during growth. Averages followed by the
same letter are not different according to Tukey's test (P<0.05).
The data shown here are averages (n = 40).

relation between g; and photosynthesis. Environments
with a high incidence of luminous energy generally
experience higher temperatures and higher VPD, intensi-
fying the water-deficit effects. When plants are exposed to
those conditions, stomata normally close to prevent water
loss, which results in a decrease in intercellular CO,
concentrations and inhibits photosynthesis (Favaretto et al.
2011, Janior et al. 2011).

Both irradiance and water stress independently
affected the W, in young H. stigonocarpa plants. Lower
Y, values were observed in water-restricted plants and
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Fig. 6. (4) Maximal quantum yield of PSII photochemistry (Fv/Fm), (B) effective quantum yield of photosystem II (AF/Fn"), (C) electron
transport rate (ETR), and (D) nonphotochemical quenching (NPQ) in young H. stigonocarpa plants as a function of irradiance and time
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according to Tukey's test (P<0.05).The data are the averages (n = 10).

Table 3. Maximal quantum yield of PSII photochemistry (Fv/F)
in young Hymenaea stigonocarpa plants that were exposed to
different irradiance levels for 68 d. Averages followed by the
same uppercase letters are between the measurement times, and
lowercase letters are between the irradiances at the same time-
point and are not significantly different according to Tukey's test
(P<0.05). The data are averages (n = 10).

Irradiance [pmol m2 sl Fv/Fm
Measurement time
12:00 h 8:00 h
45 0.824a 0.824a
230 0.8142 0.8142
510 0.798v 0.80Ab
1,700 0.598¢ 0.694¢

those grown under the LF irradiance, regardless of the
water regime. High light intensity causes a higher
evaporative demand and consequent desiccation of the
soil, which leads to a lower leaf water potential. Despite
reducing ¥, approximately by —1.0 MPa under high
irradiance and water deficit, this value is close to that
found in other plants from Cerrado (Mattos et al. 1997,
Franco 1998, Prado ef al. 2004) under conditions not
characterized as stress.

Water stress did not affect fluorescence under any of
the experimental conditions. Although water deficit may

change the dynamics of Chl a fluorescence in plants
(Zhang et al. 2011, Campos et al. 2014), studies show that
PSII keeps its functionality under water-deficit conditions
(Cornic and Fresneau 2002, Snider ef al. 2014) and the
F./Fn is little affected under such circumstances (Tezara et
al. 2003). In other arboreous species from tropical
environments, such as Myracrodruon urundeuva (Queiroz
et al. 2002), Bertholletia excelsa, and Dipteryx odorata
(Morais et al. 2007), no changes in F./Fy ratio were
observed under water deficit.

The parameters of Chl a fluorescence, in this study,
were not influenced by water deficit, suggesting that this
species has an efficient mechanism to tolerate seasonal
drought, because even when subjected to this stress factor,
acclimation occurred in plants growing under intermediate
irradiance. However, young plants of H. stigonocarpa are
susceptible to light stress, although the combination with
water stress does not intensify photoinhibition. This
behavior can be related to a survival strategy of these
plants in the savanna formations of the Brazilian Cerrado.

In conclusion, young H. stigonocarpa plants showed
the increased ability of photosynthetic acclimation under
intermediate light intensities as observed through fluo-
rescence parameters, such as AF/F,’ and ETR. Plants
exposed to high irradiance exhibited low values of F./Fn,
and high values of NPQ, which indicated the occurrence
of photoinhibition under these conditions.
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