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In tropical forests, light is considered the most limiting resource for plant growth and reproduction. Besides light, water
deficit leads invariably to a decrease in photosynthesis. Thus, despite of the unquestionable role of light in CO,
assimilation (A4), it is expected that water deficit affects and limits the light utilization by plants. In this study, we
investigated how water deficit influenced the photosynthetic induction of the early successional tree Bauhinia
forficata (Fabaceae) and the late successional Esenbeckia leiocarpa (Rutaceae) in the understorey and in the forest
gap. Field measurements were carried out in June and August 2006 in plants of approximately two-years-old. In August,
the plants were subjected to a period of 45 d without rain characterizing a water deficit situation. Leaf water potential was
significantly lower in August, both in forest gap and understorey (-2.5 and -3.8 MPa, respectively), than in June (-0.6 and
-1.6 MPa, respectively). In June, both species presented a rapid increase in 4 after a saturating light pulse under gap
conditions. However, in the understorey the increase in 4 was slower in B. forficata than in E. leiocarpa. In August
water deficit limited the increase in 4 __ in both species, indicating that potential utilization of increasing irradiance was
reduced by water deficit conditions. The constrain in 4 _was less pronounced in the understorey where plants at least
reached the irradiance compensation point, whereas carbon gain by photosynthesis of the plants grown in the gap did
not compensate the carbon loss by respiration.
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Déficit hidrico afeta a inducio fotossintética em Bauhinia forficata Link (Fabaceae) e em Esenbeckia leiocarpa Engl.
(Rutaceae) desenvolvendo-se em condi¢des de sub-bosque e de clareira: Em florestas tropicais, a luz ¢ considerada o
recurso mais limitante para o crescimento e reprodugéo das plantas. Além da luz, o déficit hidrico leva invariavelmente a
diminuicdo da fotossintese. Assim, apesar do indiscutivel papel da luz na assimilagéo de CO,(4), espera-se que o déficit
hidrico afete e limite a utilizacdo da luz pelas plantas. Neste estudo, investigou-se como o déficit hidrico influenciou a
inducdo fotossintética de uma espécie pioneira arborea, Bauhinia forficata (Fabaceae), e de uma secundaria,
Esenbeckia leiocarpa (Rutaceae), no sub-bosque e na clareira. As medidas foram feitas em junho e agosto de 2006 em
plantas com aproximadamente dois anos. Em agosto, as plantas foram sujeitas a um periodo de 45 d sem chuva, caracte-
rizando uma situacéo de déficit hidrico. O potencial hidrico foliar foi significativamente menor em agosto, na clareira e no
sub-bosque (-2,5 e -3,8 MPa, respectivamente), do que em junho (-0,6 and -1,6 MPa, respectivamente). Em junho, ambas
espécies apresentaram um rapido aumento em A apds o pulso de luz saturante na clareira. Contudo, no sub-bosque, o
aumento em A foi mais lento em B. forficata do que em E. leiocarpa. Em agosto, o déficit hidrico limitou o aumento em
A, em ambas espécies, indicando que a utilizagdo potencial do aumento da irradiancia foi reduzida por condigdes de
déficit hidrico. A restrigdo em A __ foi menos pronunciada no sub-bosque, onde as plantas a0 menos atingiram a
irradidncia de compensagdo, enquanto o ganho de carbono pela fotossintese das plantas desenvolvidas na clareira ndo
compensou a perda de carbono pela respiragéo.

Palavras-chave: ecofisiologia, seca, sucessdo florestal tropical, “sunflecks”, trocas gasosas, utiliza¢cdo da luz
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INTRODUCTION

Considering all environmental factors affecting
plants, light is perhaps the most spatially and temporally
heterogeneous. This heterogeneity takes on special
importance in tropical forests because light is considered
the most limiting resource for plant growth and
reproduction. Accordingly, the life cycle and
physiological responses of many trees and understorey
species have been shown to be closely related to
changes in light availability (Bazzaz and Pickett, 1980;
Denslow, 1980; Denslow, 1987). Light acclimation is the
process that allows environmentally induced changes in
the photosynthetic utilization of light, depending upon
the light regime under which leaves develop (Bjorkman,
1981). Comparisons between low- and high-light
specialists suggest that these two groups of plant
species generally exhibit different capacities for light
acclimation (Bjorkman, 1981; Strauss-Debenedetti and
Bazzaz, 1996). Early-successional species generally
exhibit a high degree of plasticity in photosynthetic
capacity compared to species of later forest successional
stages (Strauss-Debenedetti and Bazzaz, 1996). However,
both light-demanding and shade-tolerant species are
capable of phenotypic plasticity, indicating that
adjustments are not necessarily related to the species
successional status (Turnbull, 1991; Popma et al., 1992).
Phenotypic plasticity may be essential for survival in
heterogeneous and variable environments, especially for
sessile photosynthetic organisms (Bradshaw, 1965;
Sultan, 1992; Pintado et al., 1997).

Changes in the light environment experienced by
forest plants during their lifetime may range from
sunflecks, lasting from seconds to minutes, to more
sustained changes occurring when gaps are formed or
canopies develop (Pearcy and Sims, 1994). Sunflecks are
generally more limited as a light resource in shade than in
sunny microsites in plant canopies, since they contribute
with 60-90% of total daily photosynthetic photon flux
density (PPFD) received by plants in the understorey of
tropical rain forests, driving up to 65% of total daily
carbon gain (Pearcy, 1983; Pearcy and Calkin, 1983;
Chazdon, 1988; Pfitsch and Pearcy, 1989). In this variable
and constraining understorey light environment, plants
depend on sunflecks to maintain a positive carbon balan-
ce (Chazdon, 1988). Sunfleck utilization requires quick
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activation of the plant’s photosynthetic system in order
to exploit the brief light pulses. Photosynthetic induction
response is dependent on several regulatory mechanisms
working at different time scales (Pearcy, 1999). The light-
dependent stomatal opening process is relatively slow,
whereas light-dependent activation of photosynthetic
enzymes and build-up of the Calvin cycle metabolite pool
can occur within a few minutes (Edwards and Walker,
1983; Pearcy, 1999). The degree to which a high state of
induction can be maintained during variable irradiance
partially determines the species capacity to exploit
sunflecks within plant canopies (Pearcy, 1990).

In addition to light, water availability is one of the
most important constraints for plant productivity, mostly
affecting the growth of leaves and roots, stomatal
conductance, photosynthesis and dry matter
accumulation (Blum, 1997). Water deficit leads invariably
to a decrease in photosynthetic rate, although levels of
tolerance can vary for different plant species (Kaiser,
1987; Chaves, 1991; Larcher, 1995; Chaves et al., 2002).
Stomatal closure influences photosynthesis reduction as
a consequence of reduced leaf water potential induced by
drought (Chaves 1991; Santos et al., 2004; 2006). Also, a
decrease in stomatal conductance is a common response
to soil and leaf water limitations (Tardieu and Simonneau,
1998). Thus, despite of the basic and unquestionable role
of light in CO, assimilation, it is expected that water
deficit affects and limits the utilization of this resource by
plants.

According to the spatial and temporal plant
distribution in the forest mosaic, woody species may be
broadly classified into two groups: (i) an early
successional group with light-demanding species
(pioneer and early secondary species); and (ii) a late
successional group with shade-tolerant species (late
secondary species) (Pickett et al., 1987). Therefore, we
hypothesize that late successional species growing in
low-light environments, where plants have low carbon
gain (Chazdon et al., 1996; Strauss-Debenedetti and
Bazzaz 1996), must minimize carbon loss reducing both
respiration and tissue construction cost (Givnish, 1988)
and maximize light utilization by improving their
photosynthetic induction. Furthermore, we expected
that, even under water deficit, late successional species
would maintain a higher state of photosynthetic
induction than pioneer ones, since the latter species
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often show higher transpiratory rates to support high
levels of CO, assimilation (Bazzaz and Pickett, 1980; Sou-
zaetal., 2004).

Thus, in order to test these hypotheses, the aim of
this study was to investigate water deficit influence on
photosynthetic induction in two tree species of different
successional groups, growing in the understorey and in
the forest gap.

MATERIAL AND METHODS

Plants characterization and study site: In this study we
analyzed plants of approximately two-years-old of
different ecological groups, Bauhinia forficata Link
(Fabaceae) and Esenbeckia leiocarpa Engl. (Rutaceae).
The former species is an early successional and the latter
is a late successional species (Lorenzi, 1992). Three
saplings of each species were planted directly in the soil
in the understorey and forest gap environment, without
addition of fertilizers or extra water supply, developing
under naturally changing environment.

The gap studied herein presents an area of 34.5 m?
which corresponds to a small gap with canopy openness
around 10% following the classification proposed by
Martins and Rodrigues (2002). The study site is situated
in a fragment of semi-deciduous seasonal forest with 5.5
ha located in Narandiba (22°24°24°’S; 51°31°29°W, 354
a.s.l.), Sdo Paulo State, Brazil. The climate is Aw type,
defined as tropical with wet summer, according to the
Koppen classification. The region has a mean annual
temperature of 23°C, mean rainfall of 1223 mm and a mean
annual potential evaporative demand of 1170 mm
(Embrapa, 2003). The mean incident daily PPFD, from 0800
to 1600h, was measured at one hour intervals using a
quantum sensor attached to the leaf chamber of the infra-
red gas analyzer device (CIRAS-2, PPSystems,
Hertfordshire, UK) (Figure 1). In the forest gap maximum
PPFD was around 1600 pmol m=2 s and, in the
understorey, it did not exceed 25 wmol m? s*'. Air vapor
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Figure 1. Daily courses of photosynthetic photon flux
density (PPFD), air temperature (T, ) and vapor pressure
deficit (VPD) in the gap (A, C, E) and in the understorey
(B, D, F) in June (squares) and August (circles) 2006.

pressure deficit (VPD_ ) under gap conditions reaches
2.8 and 4.0 kPa in June and August, respectively, whereas
in the understorey maximum VPD _was 1.5 kPa in June
and 2.8 kPa in August. These values were observed
around mid-day, when air temperatures were high (Figure 1).

The soil nutrient analysis of the gap and understorey
(Table 1) indicates a typical impoverished soil of tropical
forest regions (Riddoch et al., 1991). Remarkable
differences between gap and understorey environments
were not detected. The experiment was carried out
without any kind of nutrient supplies as the objective of
the study was to simulate natural environmental
conditions as closely as possible.

The field measurements were carried out in June and
August 2006. Environmental conditions, especially water

Table 1. Soil analysis of nutrients and organic matter (O.M.) in both gap and understorey in August 2006.

) Al Ca Mg K P S Mn Fe O.M.
Environment pH (mmol_dm") (mg dm?) (2 dm?)
Gap 3.8 10 1 1 0.3 8 9.6 4.6 70.1 17
Understorey 4.0 8 4 2 1.1 8 8.7 9.6 87.5 19
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Figure 2. Rainfall of January to September 2006 at the
study site, a forest fragment located in Narandiba,
southeastern Brazil.

availability, were different in these evaluation dates.
Rainfall data obtained from a meteorological station at the
study site are presented in Figure 2. Rainfall values were
21 and 18 mm in June and August, respectively. Despite
the small difference between these values, in August the
measurements were carried out after a period of 45 d
without rain.

Plant growth was evaluated taking into account
primary and secondary growth measured as plant height
and stem diameter at 5 cm height, respectively. In order to
determine specific leaf weight (SLW), leaf area was
measured with an area meter (Li-3000A, Licor, Nebraska,
USA) and leaf dry mass was obtained after drying at 60 °C
until constant weight. Leaf nutrient concentrations (N, P
and other elements) were evaluated according to
Malavolta et al. (1997). Leaf N content was determined by
the Kjeldahl method (i.e., digestion in concentrated
sulfuric acid, followed by distillation and titration), and
the other elements by atomic absorption spectro-
photometry. All measurements were taken in five healthy
and fully developed leaves of each species in both light
environments in August 2006. The leaves used to these
measurements were not necessarily the same leaves used
in leaf water potential or photosynthetic induction
measurements.

Leaves used for measuring photosynthetic induction
responses were darkened for 10 min inside the sample
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chamber of the above-mentioned infrared gas analyzer
covered with a black cloth, reducing incident irradiance
on the sampled leaf to zero (enabling an initial reading of
dark respiration). After this period, leaves were exposed
to a pulse of saturating PPFD (1000 pumol m~ s™). The
pulse intensity was determined previously by Souza et al.
(unpublished data) through light response curves.

Gas exchange measurements: In both environments leaf
gas exchange measurements were carried out from 0900 to
1600 h in healthy and fully developed leaves, from the
upper exposed parts of the shoots. Three plants per
species (one leaf per plant) were evaluated in each
environmental condition. All measurements were
recorded on days with no or few clouds. Measurements
of net CO, assimilation (4), stomatal conductance (g),
intercellular CO, concentration (C,), and dark respiration
(R, were recorded using the CIRAS-2, at 10 s intervals.
Photosynthetic induction state (IS) was calculated as
described in Chazdon and Pearcy (1986a), as follows:
IS (%) =100 x [(4,, -4, )x(4 -4, )"],in which 4 is
the transient CO, assimilation rate at the time of
calculation, 4, is the steady-state assimilation rate in
low light and 4 is the steady-state light saturated
assimilation rate. Photosynthetic induction curves were
fitted using a sigmoidal model following Zipperlen and
Press (1997).

Leaf'water potential measurements: Leaf water potential
(¥,) was measured using a Scholander pressure chamber
(model PMS-1000, PMS Instruments, Oregon, USA). The
measurements were performed at pre-dawn, before the
first sunbeams reached the forest gap.

Data analysis: Differences in mean values of ¥,
maximum assimilation, R and IS between the two species
growing in two contrasting forest light environments
were analyzed by one-way analysis of variance (ANOVA)
and the mean values compared by a posteriori Tukey’s
test, at 0.05 significance level. Data transformation was
unnecessary since they were normally distributed and
homoscedastic.

RESULTS

Leaf N and P concentrations did not differ
significantly (P > 0.05) between the two species, even
when comparing gap and understorey environments.
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However, SLW was higher (P < 0.05) under gap than
understorey conditions for both species. The non-
pioneer species E. leiocarpa showed higher SLW in both
environments than that of the pioneer one B. forficata
(Table 2).

Bauhinia forficata was taller and had larger diameter
than E. /leiocarpa in both environments; the former
presented larger height and diameter in the gap than in
the understorey (Table 3). The differences between
environments were smaller in E. /eiocarpa for both
parameters. Theses results make evident the expected
growth differences. The growth parameters analyzed
clearly indicate that the pioneer species showed a higher
growth compared with the non-pioneer species,
especially in the gap (Table 3).

In August, when plants were exposed to a long period
without rain, W was significantly lower (P <0 .05) than
in June in both forest gap and understorey (Table 4). In
the forest gap, ¥  was -0.6 and -2.5 MPa in June and
August, respectively. In the understorey ¥  was
considerably lower, -1.6 in June and -3.8 MPa in August.
Therefore, the low W  obtained in August characterize a
substantial leaf water deficit.

In June, B. forficata and E. leiocarpa presented a
rapid increase in A4 after a saturating light pulse in the
forest gap (Figure 3). This result indicates that irradiance
activates the photosynthetic apparatus, supporting high
photosynthetic induction in these plants (Figure 5). In
the understorey, the slower increase in 4 of B. forficata
indicates that in shade conditions this species takes more
time to fully activate the photosynthetic apparatus. The 4
reached in the steady-state for B. forficata in both
environments was very similar. However, E. leiocarpa
presented lower 4 in the understorey than in the forest
gap. There were no significant differences (P > 0.05)
between IS reached by E. leiocarpa and B. forficata in
both environments. On the other hand, IS was higher in
the forest gap than in the understorey for both species
(Figure 5).

For both species, g_was greater in the forest gap than
in the understorey (Figure 3). In the understorey, as A
increased slowly in B. forficata an increase in g_and a
decrease in C, occurred. This result indicated that CO,
was consumed to a greater extent when g_increased, thus
supporting the increase in 4. In both environments, C,
was high before the saturating light pulse, decreasing
afterwards (Figure 3). In the forest gap, as 4 increased, g

and C, decreased. In the understorey, E. [eiocarpa
presented low g and the increase in A4, although small,
was not accompanied by a decrease in C,, as observed in
the forest gap and also in B. forficata. In plants with no
limiting ¥  (June), the C, reduction after a saturating light
pulse indicates that the carbon had been used in
photosynthesis.

The fast response in A of E. leiocarpa in the forest
gap, after 10 min of darkness, indicates the potentiality of
this species in readily exploiting irradiance increases.
This result indicates that this species is capable of
quickly activating its photosynthetic apparatus in order
to maximize the utilization of irradiance increases, since it
is a late successional species, typical of the understorey.

The highest 4 were observed in June (Figure 5). In
both months, we did not observe significant differences
(P > 0.05) between species in the same environment. In
June, E. leiocarpa presented higher 4 in the forest gap
than in the understorey, and B. forficata did not present
significant differences between environments. Despite
low 4 __ under water deficit (August), B. forficata
presented higher IS in the forest gap. Nevertheless, E.
leiocarpa did not present significant differences
between environments. High values of IS showed by
plants under water deficit (Figure 5) were related to the
fact that 4 has been quickly reached (Figure 4). This is
due to the calculation of IS, which is based on the
relationship between A _ ., the steady-state light
saturated assimilation rate, and 4, , the net assimilation
rate 60 s after the saturating light pulse. However, it is
important to notice that in both environments 4 was very
low and virtually near to the compensation point. In June,
the highest IS was observed in the forest gap for both
species (Figure 5).

In August water deficit clearly limited the increase in 4
after the saturating light pulse, however, there was a
slight increase in 4 in both species and environments (Fi-
gure 4). After the saturating light pulse E. leiocarpa, in
the gap, presented a decrease in R, from -4 to close to 0
umol CO, m?s™, and B. forficata from -2.5 to -0.5 pmol
CO, m? s™', showing that, although positive values of 4
have not been reached, a positive response of the
photosynthetic activity took place. Under water deficit,
both species presented very low g_ in the understorey
and gap environments. Moreover, after the saturating
light pulse there was a decrease in C, in both species and
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Table 2. Specific leaf weight (SLW), phosphorus (P) and nitrogen (N) concentrations in leaves of B. forficata and E.
leiocarpa in both understorey and forest gap. Capital letters indicate significant differences between species in the
same environment, and small letters refer to statistical differences between environments in the same species (P <0.05,

Tukey’s test). Data are the mean (n=5) + SE.

Species Environment Parameters
SLW (kg m?) P(gkg") N (gkg")
Bauhinia forficata Gap 1.36 = 0.07 Bb 1.23 £0.18 ns 31.87+1.24 ns
Understorey 0.40 = 0.06 Ba 1.70 £ 0.25 ns 32.70 £ 1.45 ns
Esenbeckia leiocarpa Gap 3.28£0.64 Aa 2.20+0.36 ns 31.37+1.45ns
Understorey 1.31£0.07 Ab 2.21+0.10 ns 2847+ 1.12ns

Table 3. Growth parameters, height and diameter, in Bauhinia forficata and Esenbeckia leiocarpa grown in gap and
understorey environments. Capital letters indicate significant differences between species in the same environment, and
small letters refer to statistical differences between environments in the same species (P <0.05, Tukey’s test). Data are

the mean (n=15) + SE.

) Height (cm) Diameter (mm)
Species
Gap Understorey Gap Understorey
Bauhinia forficata 121.0+ 13.7 Aa 105.5+ 0.4 Aa 13.8+0.7 Aa 9.0+ 0.2 Ab
Esenbeckia leiocarpa 64.3+1.6Ba 1.70 £ 0.25 ns 7.8+ 0.4 Ba 75+04Aa

Table 4. Leaf water potential (‘¥ ) of Bauhinia forficata
and Esenbeckia leiocarpa in both understorey and
forest gap in June and August 2006. Capital letters
indicate significant differences between light
environments, and small letters refer to statistical
differences between months (P <0.05, Tukey’s test). Data
are the mean (n=3) £ SE.

Water potential (-MPa)
Gap Understorey

Bauhinia forficata June 0.55+0.08 Bb 1.25+0.13 Ab

August 2.47+0.22Ba 3.30+0.06 Aa
0.70£0.11 Bb 1.75+0.16 Ab
August 2.67+0.12Ba 4.17+0.33 Aa

Species Months

Esenbeckia leiocarpa June

environments, even without a significant increase in 4.

Dark respiration was higher in the forest gap in both
months for both species (Figure 5). Significant
differences (P < 0.05) between species in the same
environment were not found.

DISCUSSION

Values of leaf W  as measured in August in both
environments have been considered very low (Souza et
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al., 2004), indicating a strong water deficit. Despite the
higher evaporative demand in the gap, ¥ was even
lower in the understorey and is probably related to a
higher plant covering density (Table 4). Moreover, the
leaf transpiration surface and the surface exposed to
direct radiation are both much higher in the canopy than
in the gap. Although forest gap presents higher
temperatures due to higher incident irradiance and more
exposed soil, the transpiratory surface in contact with
atmosphere is much lower, thus, total evapotranspiration
is lower than in the surrounding forest composed by
trees with dense canopies with a very high gas-exchange
surface (Larcher, 1995). Another factor that decreases
water availability to younger plants in the understorey,
which have a shallower root system, is the occurrence of
tall adult tree species with deep and well-established root
system. Thereby, the effects on plant performance under
water deficit could be more critical in the shade than in
the open. Similar results were reported by Valladares and
Pearcy (2002) who attributed the greater soil moisture
depletion (dry season) in the understorey to greater
competition for water. Similarly, Abrams and Mostoller
(1995) found that shaded understorey leaves of all
species studied were more susceptible to drought than
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Figure 3. Time course of the net CO, assimilation rate (4), stomatal conductance (g ) and intercellular CO, concentration
(C) in leaves of Bauhinia forficata and Esenbeckia leiocarpa in the understorey (closed symbols) and in the forest gap
(open symbols) in June. Asterisks indicate the saturating light pulse after 10 min of darkness.
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Figure 4. Time course of the net CO, assimilation rate (4) stomatal conductance (g ) and intercellular CO, concentration
(C) in leaves of Bauhinia forficata and Esenbeckia leiocarpa in the understorey (closed symbols) and in the forest gap
(open symbols) in August. Asterisks indicate the saturating light pulse after 10 min the darkness.

sun leaves. responded faster to increases in irradiance. In fact, some
In the understorey, E. leiocarpa presented a greater studies of lightfleck utilization have suggested that
potential for sunfleck utilization than B. forficata, since it shade leaves may be capable of using sunflecks more
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efficiently than sun leaves (Chazdon and Pearcy, 1986b;
Kiippers and Schneider, 1993; Tang et al., 1994). This
capacity could be related to a significant efficiency in
increasing photosynthetic capacity exhibited by shade
species in response to increasing light availability (Chow
et al., 1988; Turnbull, 1991; Thompson et al., 1992).
Valladares et al. (1997) demonstrated that understorey
species showed the rapid induction, since IS was
significantly higher, and higher lightfleck-use efficiency
for short lightflecks compared to species found in
clearings or small gaps.

Simulation studies indicated that under natural
sunfleck regimes induction might reduce daily carbon
gain of Alocasia macrorrhiza in the understorey by up to
25% over the expected if there was no induction
requirement (Pearcy et al., 1994). Kirshbaum and Pearcy
(1988) verified that in environments with fluctuating
PPFD, the fast-inducing component is an important factor
in determining the leaf potential for photosynthetic
carbon gain in A. macrorrhiza. Induction appeared to be
less limiting for sunfleck use in the understorey shrub
Piper aequale than in the pioneer species P. auritum
when both were grown in the shade (Tinoco-Ojanguren
and Pearcy, 1992).

Chen and Klinka (1997) obtained similar results to the
present study in Pseudotsuga menziesii, considered a
late successional species, which showed a higher
increase in photosynthetic rates in open-grown than
understorey grown branches, after an increase in PPFD
from 50 to 500 umol m2 s!'. However, those authors did
not verify any difference in R, between understorey and
open-grown branches. Han et al. (1999) observed that in
Fagus crenata, Daphniphylum humile and Acer
rufinerve seedlings, both R, and A4 _ were higher in the
gap than in the understorey. Rijkers et al. (2000) studied
photosynthetic induction in saplings of three shade-
tolerant tree species, comparing understorey and gap
habitats. Their results showed that 4 in Dicorynia
guianensis was similar between forest environments
whereas for the other two species, Pourouma bicolor spp
digitata and Vouacapoua americana, it was two-fold
higher in the gaps than in the understorey.

Several authors also showed that R is greater in
forest gap than in understorey environments (e.g., Ramos
and Grace, 1990; Fredeen and Field, 1991). In this study,
water deficit caused any increase in R, however R, may
also be affected by plant developmental stage,
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temperature, nitrogen content (Amthor 2000; Lee et al.,
2005), and seasonal environmental changes (Lee et al.,
2005; Miranda et al., 2005). Some studies describe that
pioneer species usually show higher leaf respiration than
late successional ones (Bazzaz and Pickett 1980; Chazdon
et al., 1996), but in the present report, significant
differences in R between both species were generally not
observed (Figure 5).

Combined shade and drought imposes special
constraints, because mechanisms for capture of above-
ground resources such as increased investment in leaf
area restrict investment for the capture of below-ground
resources (Sack et al., 2003). Probably the only way to
avoid this conflict is to develop a reduced resource
demand, which is characteristic of the stress-tolerator
syndrome (Grubb, 1998). A decrease in R, might be a
mechanism that reduces this demand for resources.

The potential utilization of increases in irradiance was
reduced under water-deficit conditions, since there was
no substantial increase in 4 . After saturating light pul-
se, A increased slightly but did not exceed the light
compensation point in both species in the forest gap.
Accordingly, R, was higher for both species in this
environment, which presented a lower y . In the
understorey, the saturating light pulse allowed both
species to reach the compensation point. Moreover, the
reduction in R, in the understorey could contribute to
carbon economy. To maintain a positive carbon balance,
assimilation rates must exceed respiration rates. Since R,
for both species was higher in the forest gap, plant
susceptibility to water deficit effects in this environment
could be higher.

As drought develops mesophyll metabolism may be
impaired (Lawlor, 2002; Cornic and Fresneau, 2002), e.g.
through decreasing both the activation and the
carboxylase activity of Rubisco (Medrano et al., 2002;
Parry et al., 2002). Moreover, lower Rubisco efficiency
may be caused by an increased mesophyll resistance due
to stomatal closure, constraining CO, uptake into
chloroplasts and increasing the oxygenase action of
Rubisco, thus ultimately increasing photorespiration.
Considering that RuBP regeneration, Rubisco activation
and stomatal opening are limiting in different phases of
photosynthetic induction, drought-stressed plants show
low photosynthetic induction due possibly to the
involvement of these factors in the induction process.

Strauss-Debenedetti and Bazzaz (1996) state that
differences in photosynthetic characteristics are
generally viewed as being adaptative in nature, although
they may instead simply reflect the constraints imposed
by resource limitation. As plasticity addresses the
expression of variable phenotypes under different
environments (Bradshaw,1965), since both light-
demanding and shade-tolerant species are capable of
phenotypic plasticity, it is possible to conclude that
adjustments are not necessarily related to the
successional status of species (Turnbull, 1991; Popma et
al., 1992).

Considering the initial hypothesis, our results showed
that there were no significant differences in photosynthetic
induction between species in the same environment. Under
water deficit both species presented limitation in 4, and
steady-state CO, assimilation (Figure 4) just remains around
the compensation point in the understorey (Figure 5).
Moreover, the hypothesis that late successional species
under water deficit could maintain a state of photosynthetic
induction higher than pioneers, which often show higher
transpiration rates, was not supported since there was no
significant differences between species.

Besides the restricted number of species representing
different functional groups, which does not allow an
ecophysiological generalization about ecological groups,
we conclude that the physiological responses between
species did not differ under normal and water-deficit
conditions. Thus, growth environments rather than
successional status promoted differences in
photosynthetic light utilization. Noteworthy, the gap
where the experiments were carried out is a small one,
with canopy openness near 10%. According to Chazdon
et al. (1996), differences between pioneer and secondary
species tend to be lower under small-gap conditions.
Thus, it is likely that late successional species would
have attained a suitable acclimation state in the small gap
considered herein.

Although light has unquestionable importance to tro-
pical forest development, this study showed that water
deficit affected significantly the photosynthetic light
utilization and consequently CO, assimilation. Water
deficit was a strong constraining resource on 4__, mainly
in the forest gap. Even though the IS tended to be higher
in August, 4 was low and very close to the
compensation point. The constraints in A were less
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pronounced in the understorey where plants at least
reached the compensation point, while carbon gain by
photosynthesis of the plants grown in the gap did not
compensate the carbon loss by respiration (Figure 4).
The fact that the plants had been near to the
compensation point in the understorey indicated that,
despite of low 4, they reduced the reserve consumption
by respiration. Ecologically, this carbon economy could
improve plant survival under adverse environmental
conditions, such as low-water availability.
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