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Resumo:

“Pespectivas em ecofisiologia comparativa de algumas vegetacdes brasileiras:
trocas gasosas de CO, e H,O em folhas, fluorescéncia da clorofila @ e discriminagao
isotépica do carbono”

A fotossintese € responsdvel pela energia que a planta dispord para crescimento, defesa e re-
produgdo. Logo, é fundamental para o metabolismo vegetal. Contudo, pouco se conhece sobre os efeitos
dos fatores ambientais nas taxas de assimilagdo de carbono em vegetagdes brasileiras. Uma diminui¢do na
assimilagdo liquida de CO, pode estar relacionada a uma diminuigdo na difusdo do CO, para os sitios de
carboxilagdo, devido ao fechamento estomadtico parcial ou total, e & inibigdo direta de processos fotossintéticos
primdrios ou secunddrios nos cloroplastos. Uma vez que a redugdo fotossintética do carbono ¢ uma das
principais vias de utilizagio da energia luminosa, uma menor assimilagio liquida de CO, pode gerar um
excedente de energia de excitagiio nos centros de reagdo dos fotossistemas e conseqiiente diminuigio na
eficiéncia fotossintética de conversiao da energia luminosa em energia quimica. Estudos de ecofisiologia
comparativa de espécies nativas s3o imprescindiveis ao entendimento dos mecanismos que levam 2 alta
diversidade da flora brasileira. Trocas gasosas de CO, ¢ H,O, fluorescéncia da clorofila « e discriminagio
isotopica do carbono sio ferramentas titeis na previsdo da influéncia de fatores ambientais na performance
vegetal in situ. Discuto aqui alguns dos resultados obtidos sobre a ecofisiologia comparativa de algumas
vegetagdes brasileiras.

Abstract:

Photosynthetic activity is responsible for the energy plants use for growth, defense and
reproduction. Therefore, photosynthesis is fundamental to plant metabolism. However. the effects of
environmental factors on net CO, assimilation rates are as yet poorly known in Brazilian vegetation types.
A decrease in net CO, uptake may be related to a decrease in CO, diffusion to the carboxylation sites due to
partial or total stomata closure and to direct inhibition of primary and secondary photosynthetic processes in
the chloroplasts. Photosynthetic carbon reduction is one of the most important pathways for the utilization
of light energy. Hence, lower rates of CO, uptake may cause an excess of excitation energy through the
photosystems and consequently lead to a decline in the efficiency of photosynthetic energy conversion. The
study of comparative ecophysiology of native species is essential for understanding the mechanisms that
lead to the high diversity of the Brazilian tlora. CO, and H,O gas exchange, chlorophyll « fluorescence and
carbon isotope discrimination are powerful and predictive tools for addressing the influence of multiple
environmental factors on plant performance in situ. Here | discuss the results of comparative plant
physiological ecology studies in several Brazilian vegetation types.
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Introduction

Photosynthesis is a key process in plant metabolism. Harvesting of light
energy and the exchange of CO, and H,O at leaf level are directly related to nutrient
acquisition and water uptake by the roots and the efficiency of the hydraulic transport
system (Fig. ). Fundamental biophysical and physiological mechanisms determine the
chemical energy available for further leaf and root growth, for defense, and reproduction
in plants (Bazzaz er al., 1987). The simplified model presented in Figure | gives us an idea
of how complex the study of the interrelations between above and belowground parts is
within a whole-plant perspective. It is even more so when we deal with the responses of
plants to multiple stress factors that characterize tropical environments.

As pointed out by Peters (1991), however, we should be aware to use operational
concepts and to propose answerable questions to ecological problems. In this sense,
the study of leaf CO, and H,0O gas exchange has proved to be a powerful predictive
approach to addressing the influence of environmental factors on plant performance in
a given environment (Schulze & Caldwell, 1995). In this paper, I give an overview of the
value of new methodologies that only recently have been used in Brazil. I also examine
some perspectives in physiological plant ecology for specific Brazilian vegetation types.
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Figure 1. General physiological model of a plant. The availability of light. CO,, water and minerals are the
key factors for photosynthetic metabolism. The supply of chemical energy from photosynthesis is allocated
to defense, growth and reproduction. Adapted from Solbrig et al. (1979).
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Environmental stress and leaf CO, and H,O gas exchange

Practically no studies have been done in Brazil on the effects of environmental
factors on photosynthetic characteristics, and few species have been studied in field
conditions. Most work has been done in the cerrado vegetation (a neotropical savanna,
see Eiten, 1972 and Coutinho, 1978).

In past decades, some authors (for a more general review see Goodland
& Ferri, 1979) have postulated that cerrado sensu stricto plants are not subjected
to a pronounced water deficit during the dry season. This hypothesis was
corroborated by the presence of deep roots in many species and the observation
with the torsion balance of no restriction of transpiration during the dry season.
Thus, it was believed that many adult plants in the cerrado vegetation are able to
take water from deep, moist layers in the soil profile and maintain water flow high
enough to counterbalance the evaporative demand during the dry season.
Moreover, Arens (1958) has proposed that the scleromorphic characteristics of
cerrado vegetation are better explained by nutrient deficiency than water limitation.
However, the Brazilian cerrado and other vegetation types characteristic of Brazil
are actually subjected to multiple environmental stresses, such as fire, nutrient,
water, wind, light, and others, which means that to seek for one causal factor may
be misleading.

In the cerrado, Johnson et al. (1983) found during the dry season maximum
values of net CO, uptake of about 15.1 and 4.2 umol.m™.s"', in Didymopanax macrocarpum
and Ouratea hexasperma respectively. In the middle of the dry season Netto & Hay
(1986) observed maximum values for net CO, uptake of 10.2 umol.m™.s™ in Caryocar
brasiliense. The ability of potted plants of Copaifera langsdorffii to maintain CO, uptake
during water deficit was studied by Prado et al. (1994,1995) who observed a decrease in
stomatal conductance to water vapour when young plants of C. langsdorffii were
subjected to higher leaf-to-air water vapour concentration difference (Aw). Recently, the
influence of the dry season on in situ leaf CO, and H,O gas exchange together with
measurements of leaf water potential were studied more extensively in cerrado areas,
where the occurrence of a dry season between May and September is characteristic
(Mattos, 1992; Kanno, 1993; Mattos, 1996; Mattos et al., 1997b).

Until recently, information was lacking on the water status of cerrado plants
during the dry season. Transpiration rates do not give any information on the water
status of plants. However, the water status of plants is closely related to leaf water
potential. In particular, predawn leaf water potential (‘WLpd) is an appropriate parameter
to describe the water status of the plant because it is related to the recovery capacity
of leaf water potential during the night and the water content in the vicinity of the root
system. Kanno (1993) and Mattos (1996) studied 7 species of cerrado sensu stricto
vegetation in S3o Carlos (SP) and no value of predawn leaf water potential (‘YLpd)
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lower than -1.0 MPa was observed, which apparently characterizes mild water stress.
These results are in agreement with the hypothesis that no pronounced water deficit
occurs during the dry season. However, even though the plants do not scem to be
subjected to a pronounced water deficit during the dry season, Kanno (1993) and
Mattos (1996), using a portable infrared gas analyzer, observed a decrease in the
degree of stomatal conductance to water vapor (gy,o) in several species during the
dry season in a cerrado sensu stricto in Sao Carlos (SP).

Figure 2 shows a comparison between the wet and the dry season of daily
courses of gas exchange and leaf water potential in adult plants of the evergreen
Rapanea umbellata occurring in a cerrado sensu stricto (E.A.Mattos & J.A.P.V. Moraes,
unpubl. data). As observed for other species in the same area, R. umbellata showed a
decline in both leaf water potential and CO, and H,O gas exchange during the dry
season. Despite very similar values of WLpd in the dry season of 1993 and 1994, lower
values of gy, were observed in August 1993 when the difference in the water vapour
concentration between leaf and air was very high (Table 1). These findings should be
emphasized because, even though cerrado sensu stricto plants may not be subjected
to a pronounced water deficit at the root system level, a decrease in gy, may be
necessary to maintain a favorable water status in an atmosphere of high evaporative
demand. The results obtained for R. umbellata are used here as an example of one kind
of response to the dry season in cerrado areas. It is clear, however, that there is a range
of responses because of high species diversity. We are not yet able to fully understand
the multiple responses to the interactive nature of stressful conditions in cerrado
areas, but some questions are emerging with the study of leaf CO, and H,O gas exchange
and I will try to highlight them here.

There is a close compromise between CO, and H,O exchange through stomata.
The stomatal aperture that is necessary to maintain the diffusion of the CO, in the air
surrounding the leaf to the intercellular air spaces and then to the carboxylation sites
in the chloroplasts is also responsible for the inevitable water loss to the atmosphere
(Nobel, 1991; Jones, 1994). Figure 3 shows the relationship between CO, uptake and
water loss at different levels of stomatal conductance in Nanuza plicata, a desiccation-
tolerant plant, when subjected to water stress (E.A.Mattos et al., unpubl. data). The
data obtained on this species shows that transpiration loss may be more affected than
CO, uptake at moderate levels of stomatal conductance increasing the water use
efficiency of CO, assimilation, i.e., the ratio of CO, uptake to transpiration loss (Nobel,
1991). In some circumstances, however, there may be an advantage to controlling the
water status of the leaf instead of maintaining maximal rates of CO, uptake. The distinct
midday depression of CO, uptake observed in R. umbellata at the end of the 1994 dry
season is an example of this situation (Fig. 2). Several investigations have shown
depression of leaf gas exchange in plants growing in hot and arid environments, during
periods when leaf temperatures and leaf-to-air vapour pressure deficit are greatest
(Lange et al., 1982; Roessler & Monson, 1985).
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Figure 2. Comparison of wet and dry season diurnal changes in leaf water potential (Wfoliar), stomatal
conductance to water vapor (gy,o). transpiration rates (Jij,) and net CO, uptake (Jc@,) in Rapanea
umbellata occurring in a cerrado sensu stricto (Sdo Carlos. SP). The predawn leaf water potential for both
seasons is also presented (WLpd). The symbols represent average values of 3 leaves for water potential and
6 leaves for gas exchange measurements. Vertical bars indicate standard deviations.
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Figure 3. The relationship between net CO, uptake (Jc(,) and transpiration rates (Jyy,q) in relation to
stomatal conductance to water vapor (gy,) in Nanuza plicata under different water saturation deficits
(WSD).

Table 1. Comparison of wet and dry season predawn leaf water potential (‘YLpd), minimum values
during the day for relative humidity (R.H.,;,), maximal values of the difference in water vapor
concentration from leaf to air (Aw), average values for stomatal conductance to water vapor (g..,).
integrated values during the day for transpiration rates (£,,) and net CO, assimilation rates (A ,),
average values for the intercellular to ambient CO, concentration ratio (¢i/c,), diurnal average values of
intrinsic water use efficiency (A/g,) and the ratio of irradiance to assimilation rates (//A) in Rapanea
umbellata in a cerrado sensu stricto (Sio Carlos-SP).

Date YL, | RH, AW 8o E, A, cle, Alg, /A
MPa %o mol.m? | mol.m=s' | mol.m3day' | umol.m>.day"' pmol.mol' | mol.mol"!

26/4/94 | -0.15 40 1.36 0.28 138.1 3143 0.68 313 88

08/8/93 | -0.70 19 2.51 0.13 102.0 195.5(-38%) 0.64 51.9 146
(-54%) (-26%) (+66%) | (+66%)

10/9/94 | -0.75 37 1.21 0.25 129.0 282.8(-10%) 0.61 40.1 130
(-11%) (-7%) (+28%) (+48%)
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Despite the reduction in stomatal conductance during the dry season in R.
umbellata, fairly high values of transpiration in both seasons were observed (Fig. 2).
However, the differences in water vapour concentration from leaf to air (Aw), generally,
are much larger in the dry season (Table 1). These results suggest that the data obtained
with the torsion balance may have led to erroneous interpretations of stomatal behaviour
during the dry season for cerrado species. Since transpiration rate is given by stomatal
conductance multiplied by Aw, the maintenance of approximately equal transpiration
rates in both the dry and the wet season is possible only if there is a substantial reduction
in stomatal aperture. High transpiration rates were also measured for species of the
Venezuelan savannas and Sarmiento et al. (1985) hypothesized that plants growing in
nutrient poor environments, like the savannas of Venezuela and the Brazilian cerrado,
may be able to increase nutrient acquisition because of their capacity to maintain high
transpiration rates.

Although the decrease of leaf water potential does not seem to be very
pronounced for cerrado sensu stricto species in the dry season, the control of transpiration
by decreasing stomatal conductance and, thus, maintaining a relatively high water potential
may play an important role in the prevention of catastrophic xylem cavitation. Cavitation is
the process by which xylem conduits become embolized (i.e., air-filled) and lose their
functionality in sap conduction (Magnani & Borghetti, 1995). Embolism is thought to arise
in plants as a consequence, for instance, of air-seeding induced by water stress (Sperry &
Tyree, 1988). The potential role of stomatal closure in the control of xylem embolism has
been the object of recent research and there is a threshold water potential for cavitation,
which varies both with stress pre-history of the plant and with the species (Jones &
Sutherland, 1991; LoGullo et al., 1995; Magnani & Borghetti, 1995).

The flow of water in the xylem is given by the Hagen-Poiseuille law, which
describes the flow of a fluid in a cylinder as proportional to the fourth power of its radius
and linearly dependent on the drop in hydrostatic pressure (Nobel, 1991). Thus, the high
transpiration rates observed in cerrado species may be related to structural adaptations
cof the transport system and the presence of large xylem vessels. Vulnerability to cavitation
is closely related to the conduit diameter and length, where vessels having the largest
pores are the most vulnerable (Jones, 1994, LoGullo et al., 1995). As pointed out by
Jones & Sutherland (1991) “maintenance of a maximally efficient conducting system
requires the stomata to close in an appropriate fashion as evaporative demand increases
in order to prevent shoot water potentials falling below the threshold value at which
cavitation occurs”.

In addition to the probable role of stomata in maintaining the integrity of the
water transport system, a decrease in stomatal conductance is also important in
maintaining a leaf water potential favorable to leaf development during the dry season.
E.A. Mattos & J.A.P.V. Moraes (unpubl. data) observed lower values of stomatal
conductance in young leaves than in old leaves during the dry season.
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The reduction in stomatal conductance during the dry season increased the
stomatal limitation to CO, diffusion in R. umbellata as evidenced by the lower values of
the ratio of intercellular to ambient concentration of CO, (¢/c,) and hence, may have
partially contributed to the lower values of net CO, uptake during the dry season (Table
1). As a consequence of lower net CO, assimilation, an increase in the ratio of irradiance
to CO, assimilation (//A) was observed (Table ). The increase in this ratio may indicate
an excess of radiation energy that cannot be used to drive photosynthesis. It has recently
been proposed that environmental stress, which may decrease net CO, assimilation
rates, may predispose sun plants to some degree of light stress (Demmig-Adams &
Adams, 1992; Osmond, 1994). Thus, photoinhibition of photosynthesis may occur when,
because of stress or inherent limitations in the capacity to use high irradiances, leaves
absorb more light energy than they can use in photosynthesis. The event of
photoinhibition has been generally defined as a sustained decrease in the efficiency of
photosynthetic energy conversion, i.e., a decrease in the rate of CO, uptake or O, evolution
at limiting photosynthetic photon flux densities (PPFD) or of the intrinsic efficiency of
photosystem (PS) II as assessed by chlorophyll a fluorescence techniques, which I will
describe in the next topic.

Basic chlorophyll a fluorescence measurements

Photosynthetic activity is generally assumed to be very sensitive to
environmental factors (Lawlor, 1995). The effect of adverse environmental conditions is
generally observed as a decrease in net CO, assimilation rates (Osmond, 1994; Mattos,
1996). Lower rates of CO, uptake may be related to a decrease in CO, diffusion to the
carboxylation sites due to partial or total closure of stomata and from direct inhibition of
primary and secondary processes in the chloroplasts (Lawlor, 1995).

Green plants harvest a high proportion of incident light through the antenna
pigments, and the excitation energy is transferred to the reaction centers of the two
photosystems. There, the energy drives the primary photochemical reactions that initiate
photosynthetic energy conversion (Krause & Weis, 1991). Part of the energy quanta
absorbed by chlorophyll and not used to drive photosynthetic electron flow is emitted
as fluorescence in the red. Fluorescence is part of competing pathways of de-excitation
and emission characteristics can be used to study photosynthetic electron transport
and associated physiological processes (Krause, 1988; Schreiber & Bilger, 1993).
Fluorescence emission originates almost exclusively from PS II. Thus, fluorescence
changes reflect primarily the state of PS II (Schreiber ez al., 1995).

Recently, with the development of new equipment, the detection of fluorescence
emission characteristics in conditions of normal daylight became possible (Schreiber &
Bilger, 1987). The differentiation of photochemical (q,) and total non-photochemical
quenching (qy) by the saturation pulse method is now possible with the use of pulse
amplitude modulation fluorometers (Schreiber et al., 1995). Van Kooten & Snel (1990)
proposed a standardization of fluorescence nomenclature which will be used here. After
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a dark-adaptation period fluorescence emission is stimulated by a modulated measuring
light of very low intensity that is not enough to drive any charge separation in the
reaction centers of PS II. Thus, the minimal fluorescence yield, F,, which occurs when all
reaction centers are in the oxidized, or open, state is determined. By definition, at this
moment q,= | and qy=0. After exposure to a brief light flash (saturation pulses) of an
intensity and duration just sufficient to temporarily close all centers, which promotes
total reduction of the pool of the primary electron acceptors and hence, elimination of
the g,, the maximal level of fluorescence yield in the dark, Fm, is determined. The F,/F,,
ratio (i.e. [Fm-F ]/Fm) represents a convenient measure of the potential quantum yield of
PS II when all reaction centers are in the open state and qy is equal to zero.

During initial illumination, the fluorescence yield, F, undergoes complex
changes. However, and after steady state and with the use of saturation pulses
photochemical and total non-photochemical quenching coefficients are determined as:
g=Fm-F)(Fm-F ) and qu= I-[(F m-F )-(Fm-F,)|, where F'm is the maximal fluorescence
yield in the light-adapted state after saturation pulses. F’;, is the minimal fluorescence
yield in the light-adapted state and is measured after the sample is darkened and a far-red
light is turned on to ensure a reoxidation of the primary electron acceptors of PS II.
Instead of gy, the term 1-q,, is generally used, which is an estimative of the reduction state
of the primary electron acceptor of the PS II, Q,. The effective quantum yield of PS 11
during actinic light is given by AF/F’m or (F’m-F)/F'm (Genty et al., 1989). The Stern-
Volmer equation has also been used to describe non-photochemical quenching, i.e.,
NPQ= (Fm-F’m)/F'm. Apparent electron transport rates through PS I (ETR) are calculated
as AF/F’m multiplied by the photosynthetic photon flux density (PPFD).

Chlorophyll a fluorescence as an indicator of photo
system Il activity

Chlorophyll tluorescence serves as an intrinsic indicator of the photosynthetic
reactions. PS I activity and net CO, assimilation rates reflect the interdependence between
light and dark reactions of photosynthesis as shown in figure 4. It is clear that any
decrease in CO, uptake will cause changes in the amount of energy used in photochemistry,
and in turn, changes in the levels of the other de-excitation pathways which are responsible
to some extent to maintaining the integrity of the photosynthetic apparatus. As PS II
functioning is sensitive to a wide range of environmental stresses, chlorophyll fluorescence
characteristics provide valuable information on stress effects in leaves (Schreiber et al.,
1995).

In accordance with the propositions of Osmond (1994) and Osmond & Grace
(1995), figure 5 gives a general idea which may help us to integrate the effect of multiple
stress on plant performance in a given environment. Environmental stress may decrease
net CO, assimilation rates in different ways and CO, uptake is one of the most important
pathways for using the light energy that reaches the photosynthetic apparatus (Lawlor,
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1995). Thus, a decline in the use of excitation energy by photosynthetic carbon
assimilation causes an increase of energy in excess to drive photosynthesis and probably
leads to photoinhibition. The characterization of dynamic and chronic photoinhibition
was proposed by Osmond (1994) according to the time required for reversible changes
in decreased PS II antenna-based photosynthetic efficiency. Photoinhibition is a result
of a continuum from photoprotection, in which excessive excitation energy is dissipated
harmlessly as heat, to direct photodamage to the PS Il reaction center, specifically damage
to the functional integrity of the center, and subsequent destabilization by proteolysis of
the D1 polypeptide (Osmond, 1994).

Leaves of various species have been shown to have a maximal PS II efficiency
of 0.78-0.83, which means that the capture of light energy by the light-harvesting complex
and its transfer to the reaction center and into the electron transport chain are not 100%
efficient (Bjorkman & Demmig, 1987; Adams et al., 1995).
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Figure 4. Photosystem [I (PS II) and the de-excitation pathways as an intrinsic indicator of the
interdependence between light and dark reactions of photosyntesis.
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Reversible decline in PS 1II efficiency, i.e., potential quantum yield (F/F,,),
was related to the degree of stomatal conductance at midday in 3 woody species found
on the Pdo de Agucar inselberg (Fig. 6 and Mattos et al., 1997a). Values of F,/F,, declined
significantly during phase IV of CAM in semi-exposed and exposed plants of Clusia
hilariana in the sandy coastal plains of Macaé (RJ), when lower internal CO, levels
probably prevailed (Franco et al., 1996; Mattos et al., 1997a). As already described for
several species of Clusia by Franco et al. (1992), CO, uptake in phase IV of CAM is very
sensitive to water deficit, which might enhance the potential for photoinhibition. Thus,
phase IV of CAM seems to be most prone to photoinhibition, as also reported for cacti
in northern Venezuela (Adams et al., 1989).
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Figure 6. Diurnal time courses of stomatal conductance to water vapor (g, ,) and potential quantum
yield (Fy/Ey) in Clusia aff. parviflora, Stillingia dichotoma and Vriesia geniculata on Pdo de Agucar
outcrop, Rio de Janeiro, RJ. Vertical bars indicate standard deviations.

At the end of the dry season of 1994 the characteristics of fluorescence
emission were studied for the first time in some cerrado sensu stricto species at Fazenda
Agua Limpa (Brasilia, DF) by A.C. Franco et al. (unpubl. data). Although the degree of
decline in Fy/Fy, varied between the different species, it was almost completely reversible
in most species at the end of the day (Fig. 7). This probably reflects a protective down-
regulation of PS II which is mediated by zeaxanthin and prevents damage to the reaction
centers under excess light energy (Demmig-Adams, 1990; Demmig-Adams & Adams,
1992; Demmig-Adams & Adams, 1996). However, some species showed sustained
decrease in predawn F,/F,, values, as observed in Roupala montana, which may indicate
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chronic photoinhibition. The marked high values throughout the day of the desiccation-
tolerant species Vellozia squamata are noteworthy. Similarly to several species in Sdo
Carlos (SP), WYLpd lower than -1.0 MPa were not observed, which corroborates the idea
of the occurrence of only moderate water stress during the dry season in adult plants
from cerrado sensu stricto communities. However, it is clear that during the dry season
some cerrado sensu stricto species may be subjected to light stress involving some
degree of dynamic photoinhibition (Osmond & Grace, 1995).
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Figure 7. Diurnal time courses of potential quantum yield (F/Fy) in several cerrado sensu stricto
species studied at Fazenda Agua Limpa (Brasilia, DF) in August 1994, For some species predawn leaf
water potential was also measured (WLpd). Vertical bars indicate standard deviations.

In addition to PS II efficiency measurements, the separation of photochemical
and non-photochemical coefficients may help to characterize the interactions between
different de-excitation pathways. Photosynthetic control is responsible for
counterbalancing the light energy received by PS II with its capacity to use it. These
processes allow a so-called down-regulation of photosynthesis.
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During the wet season, cerrado species may be subjected to dry spells
(veranicos) of different durations. Figure 8 shows the response of net CO, uptake rates
(Jco,) and chlorophyll quenching coeficients to a dry spell within the rainy season in
Miconia albicans, a common woody evergreen species of the cerrado vegetation
(E.A. Mattos et al., unpubl. data). A marked “midday depression” of CO, uptake was
observed. A 3-fold decrease was observed at around 13:00h in the maximum values of
10.3 umol.m™.s"!, obtained in the early morning. However, despite some increase in the
reduction state of the primary electron acceptor of PS II (1-q,) during the midday
depression of Jco,. it seems that the high capacity to rapidly increase total non-
photochemical quenching (qy) may prevent irreversible photodamage to the reaction
centers. It seems clear that the ability to divert to radiationless dissipation the energy in
excess to drive photosynthesis, was remarkable in this species and deserves further
investigation.

The use of chlorophyll a fluorescence in different Brazilian vegetation types
is in its infancy and the preliminary results presented here are important to exemplify
the power and usefulness of this new approach for plant physiological ecology research
in Brazil. However, it is important to remind the readers about the complexity of the
characteristics of chlorophyll a fluorescence emission (Govindjee, 1995). Hence, results
should be interpreted with caution and better results will be obtained when other
approaches, such as gas exchange, are used concomitantly.

Miconia albicans
Fazenda Campininha

2000 ————— . . . 12
0
e 0.
o PFD
— i f o \O — {10
w» 1500 > _
o /f N\ 18 %,
i | T - ik ] o
2 1000f + l T / i 6 %
2 I\ }/’l 14 E
2 sool| J\Y\ =
o- j/ { JCO? 2 ﬁg
1] S— {0
100 q 1
S
0.8 T e LN
z R
S o} / Vo
060_ / o—979 \.
7 o4t /O 1-%/ \o 1
0.2 D//O’ \o\o %
o

0,0

08:00 10:00 12:00 14:00 16:00 18:00
Time of day (h)

Figure 8. The effect of a dry spell within the rainy season on net CO, gas exchange, total non-photochemical
quenching (qy) and the reduction state or the primary electron acceptor of photosystem Il (1-gp) in lcaves
of Miconia albicans. Photon flux density is also given (PFD). Vertical bars indicate standard errors



14 Mattos

Carbon isotope ratio and photosynthetic metabolism

The natural abundance of stable isotopes has not been used extensively in
physiological plant ecology in Brazil. In this section I will focus on carbon isotope
composition (8'"*C) as an indicator of plant carbon metabolism. For a review of the use of
other stable isotopes, such as nitrogen, oxygen, deuterium and sulfur, see Ehleringer &
Dawson (1992), Handley & Raven (1992) and Trust & Fry (1992).

As von Caemmerer (1992) pointed out “plants discriminate against '*CO, during
CO, fixation. The differential diffusivity of *CO, and '*CO, during diffusion through
stomata and fractionation associated with carboxylation enzymes are the major
components contributing to the overall discrimination” (for reviews see O’Leary, 1981;
Farquhar et al., 1989). Thus, isotope fractionation occurring during photosynthetic carbon
assimilation reflects both plant metabolism and environmental constraints (O’Leary, 1981).
The natural abundance of “C is expressed in units of 8" C, the parts per thousand
difference between the ratio of *C to '*C in a sample relative to the PDB standard (Craig,
1957). The carbon isotope ratios of leaves can vary from -7 to -35',, with C, plants
having values of -7 to -15%,, CAM plants -10 to -30",, and C, plants -20 to -35%,,
(Ehleringer, 1989; Griftiths, 1992).

Carbon isotope ratios have been extensively used to provide information on the
distribution of C; and C, species in several ecosystems of the world (Througton et al.,
1974; Ziegler et al., 1981). Recently, Mozeto et al. (1996) presented data on the carbon
isotope composition of 50 species of grasses distributed along a gradient of soil water
availability in the area surrounding the Lobo Dam (Itirapina-SP). Both C; and C, species
occurred in the wetlands whereas C, species dominated in areas of cerrado vegetation.

E.A. Mattos et al. (unpubl. data) studied the carbon isotope composition of
10 species of Rhipsalis (Cactaceae). Although all species showed carbon isotope ratios
characteristic of the CAM pattern (i.e., from -12.8 to -18.2",,) it was possible to
distinguish differences with regard to habitat conditions and stem morphology. Species
of Rhipsalis are found in a diversity of environments such as exposed rocky outcrops of
southeastern Brazil or underneath the tree canopies of the Atlantic rain forest, as epiphytes.
In spite of the differences in environmental conditions of these different habitats all
species seem to be subjected to some degree of water stress because of the characteristics
of the substrate.

Rocky outcrops are characteristic of southeastern Brazil. Annual rainfall in
these areas does not characterize a dry climate. However, plants in these habitats grow
on shallow soils or attached to bare rock. As a result, these plants have great potential
to be subjected to water deficits. Meirelles et al. (1997) found a great number of
desiccation-tolerant plants in these areas. Leaf samples for 8'*C determination from two
of these species, Pleurostima purpurea and Barbacenia fragans (Velloziaceae), were
collected on the Pdo-de-Acucar granitic-gneiss outcrop (Rio de Janeiro-RJ) and Morro
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do Camelo sandstone relictual relief (Analandia-SP), respectively. Both species showed
a 8"C value of approximately -28.5"/,. However, P. purpurea growing in stands of very
small size (ca. 20 cm. length) have a §"'C of -25.6"/,, which may suggest greater water use
efficiency.

The 8"*C values can be used to calculate isotopic discrimination (A) as
described by Farquhar et al. (1982) and Farquhar & Richards (1984). In C, plants, leaf
A-values are related to leaf gas exchange processes according to the model proposed by
Farquhar & Richards (1984):

A=a+(b—a)i (1
Ca

where a and b are fractionation constants due to diffusion through the stomata (4.4%)
and net CO, fixation by RuBP (27%), respectively, c, is the ambient CO, concentration
and ¢, is the intercellular CO, concentration. ¢/c, ratio differs between plants because of
variation in both stomatal conductance and photosynthetic demand for CO,. A decrease
in stomatal conductance determines an increase in diffusional fractionation and a lowering
of ¢, through stomatal closure (Evans et al., 1986; Farquhar et al., 1989). Some studies
showed that leaf A is a reliable estimate of c/c, during the lifetime of that leaf for C,
species (Farquhar ez al., 1989; Ehleringer, 1995). As shown in Table 1 a reduction in ¢/c,
ratio was observed in R. umbellata during the dry season (Mattos, 1996). As mentioned
above, alower c/c, ratio may result from an increase in stomatal limitation to CO, diffusion
or from an increase in CO, uptake, both promoting a reduction in c,.

A comparison of dry and the wet season carbon isotope discrimination (A)
may provide information on gas exchange activity for cerrado plants. For 13 species of a
cerrado sensu stricto, Mattos et al. (1997b) obtained median values of A significantly
lower in the dry season than the wet season. The difference between dry and wet season
was higher than 2%, in 9 of 13 species examined. Medina & Francisco (1994) also
observed lower values of A during the dry season in Curatella americana and Godmania
macrocarpa in a savanna of Venezuela. As observed by Mooney et al. (1989) a decrease
in leaf A values during the dry season may be related to an increase in stomatal limitation
due to water stress. Mattos (1992), Kanno (1993) and Mattos (1996) observed a general
decrease in CO, assimilation rates for several cerrado tree species during the dry season
in Sdo Carlos (SP). Moreover, the gas exchange data obtained with R. umbellata and
other species by Mattos (1996) indicate that a decrease in the c¢/c, ratio during the dry
season should be expected as a result of lower stomatal conductance.

It is interesting to note that different approaches, i.e. gas exchange measured
by infra-red gas analyzer and carbon isotope ratios, do not support the established idea
of no stomatal restriction during the dry season for cerrado plants. The use of CO, and
H,O gas exchange measurements together with determinations of stable isotopes in
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Brazilian vegetation types may provide important insights and test hypotheses related
to carbon gain, water and nutrient use efficiency. Thus, we should expect an increase in
the use of this approach in next years in Brazil.

Concluding remarks

In the near future, it will be an enormous challenge for Brazilian plant
physiological ecology research to deal with the high diversity of our flora. We should be
able to propose and test new hypotheses and to construct a theoretical framework to
achieve our goal of understanding and predicting the responses of plants to the interactive
nature of stressful conditions in a tropical environment. Although new research groups
are emerging, the number of published papers is still too meagre for us to claim the
ability to predict the responses of Brazilian vegetation types to the increasing level of
modification caused by human activities. Our understanding of the role of the diversity
of leaf carbon, water and nutrient relations within an energy balance context of most
plants from different Brazilian vegetation types is almost nonexistent.

Despite the pioneering work of Arens, Coutinho, Ferri, Labouriau, Rawitscher
and others in past decades, physiological plant ecologists in Brazil are only beginning
to collect significant data that will be important to providing the basis for a more predictive
approach to environmental problems. Cooperative studies and exchange programs that
try to integrate different laboratories and provide different approaches to the same problem
will undoubtedly have a major role to play in furthering our comprehension of Brazilian
vegetation. More than this, however, we should be open to scientific criticism and hope
that the creative genius of scientific discovery can cope with the complexity of the
different Brazilian vegetation types.
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