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Abstract 
 
We investigated the characteristics of gaseous exchanges and chlorophyll a fluorescence under different irradiances in 
two liana species Canavalia parviflora Benth. (Fabaceae) and Gouania virgata Reissk (Rhamnaceae), both of a semi-
deciduous tropical forest of Southeast Brazil. We used cultivated plants growing under irradiances of 100, 40, 10, and 
1.5 % of the photosynthetic photon flux density (PPFD). Higher net photosynthetic rates (PN) were observed during 
early morning under full sunlight. After this, reduced PN values were recorded due to pronounced stomatal closure. In 
Canavalia, the gas exchange responses diminished concomitant with reduced irradiance. Gouania exhibited a narrower 
range of response, with high PN values even at 10 % PPFD. Marked reduction of the effective photochemical yield 
(ΔF/Fm’) near midday was observed, followed by increases in the non-photochemical quenching for both species under 
full sunlight. Despite the common occurrence of these species in open areas of the forest, both were able to maintain 
relatively high PN in shaded environments. We suggest that lianas present an intermediate physiological behaviour 
between shade and non-shade tolerant species. 
 
Additional key words: acclimation to irradiance; Canavalia parviflora; chlorophyll fluorescence; Gouania virgata; liana; non-photo-
chemical quenching; semi-deciduous tropical forest; stomatal conductance; transpiration rate; water use efficiency. 
 
Introduction 
 
Lianas (woody climbers) are conspicuous species in 
tropical forests. They are rooted in the soil and use other 
plants to ascend up to the canopy (Gerwing 2004). Once 
the lianas begin to grow on the forest floor they experi-
ence both extremes in terms of radiation quantity and 
spectral quality (Lee and Richards 1991). In tropical 
forests irradiation continuously changes in time and 
space. Pioneers and shade-tolerant species differ in their 
ability to acclimate to different irradiance. In general 
under high irradiances, pioneer and/or early succession 
species have higher net photosynthetic rates (PN) that are 
followed by increases in stomatal conductance (gs) and 
transpiration rates (E) when compared to shade-tolerant 
species (Huante and Rincón 1998, Ellis et al. 2000). 
These appropriate features are important for resource ac-
quisition (irradiance, water, and nutrients) and protection 
against photoinhibition (Krause et al. 2001). On the other 

hand, below the canopy, photosynthesis is limited by low 
availability of sunlight, being dependent on sunflecks 
(Pearcy 1990). Even under such conditions, shade-
tolerant species of tropical forests are able to maintain 
relatively high PN and low compensation irradiance (Cai 
et al. 2005). 

Although the study of lianas has increased in recent 
years, knowledge of their eco-physiology is still frag-
mentary compared to trees (Cai et al. 2007, Tay et al. 
2007). Lianas reduce growth of their host trees (Pérez-
Salicrup and Barker 2000), but produce nutrient-rich litter 
(Cai and Bongers 2007), contribute to evapotranspiration 
in seasonal forests (Restom and Nepstad 2001), and are 
an important source of food for animals (Gentry 1991). 

Similar to pioneer trees, many liana species grow 
better in gaps and margins' forests (Putz 1984). This 
pattern of distribution indicates the necessity of high  
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irradiance for their establishment and development 
(Lüttge 1997), this being considered by some authors as 
gap-dependent pioneer species (Schnitzer and Bongers 
2002). Nevertheless, seeds of some species are able to 
germinate and seedlings grow under the deep shade of the 
canopy (Nabe-Nielsen 2002, Sanches and Válio 2002). 
These data suggest that some mechanism of shade 
tolerance can be found in liana species. 

Considering these features a study was made of the 
photosynthetic activity of two liana species, Canavalia 
parviflora and Gouania virgata, using daily gas exchange 
and chlorophyll (Chl) a fluorescence measurements under 

an irradiance gradient regime from 100 to 1.5 % of 
photosynthetic photon flux density (PPFD). The imposed 
irradiation regime is within the natural range of PPFD 
found in different microenvironments of the semi-
deciduous tropical forest that is the natural habitat of 
these species (Gandolfi 2000). If radiation heterogeneity 
is a common aspect of the habitat occupied by lianas 
(Castellanos et al. 1999), one might expect that lianas 
would be plastic in their photosynthetic responses and 
present similar values of PN, gs, and E as found in pioneer 
species (Ribeiro et al. 2005). 

 
Materials and methods 
 
Plants examined were Canavalia parviflora Benth. 
(Fabaceae) and Gouania virgata Reissk (Rhamnaceae). 
C. parviflora exhibits a twiner stem, whereas G. virgata 
uses tendrils for climbing support. These species were 
chosen in view of their high frequency in the forest. 
Although adult individuals of C. parviflora and G. vir-
gata are both widely distributed in open areas, such as 
forest borders, juvenile individuals of G. virgata, but not 
C. parviflora, are also found in the interior of the forest. 
Henceforth, the two species will be designated by their 
generic name only. Both species are native of the semi-
deciduous tropical forest located in southeast Brazil 
(22o44′S, 47o06′W); 670 m altitude. The climate is 
characterized by a dry season with mild temperatures 
(12–27 oC) from April to September and a wet and warm 
season (18–34 oC) from October to March. A minimum 
of five plants was chosen to collect naturally dispersed 
fruits. Subsequently, the fruits were taken to the 
laboratory where seeds were removed and cleaned. Seed-
lings were obtained from seeds germinated in Petri-dishes 
at 25 oC under continuous “white” fluorescent radiation, 
following prior scarification. Germinated seeds were 
transplanted to plastic pots (700 cm3) and maintained in 
the glasshouse for initial establishment. In order to obtain 
similar-sized plants, seeds of Gouania were sown before 
Canavalia seeds. The juvenile plants were then trans-
planted to plastic pots (3 000 cm3) filled with a mixture of 
soil and sand (2 : 1) and transferred to experimental 
conditions. 

Plants were transferred to an open area at the State 
University of Campinas. The plants were kept well 
watered during the experiments and a Hoagland solution 
(100 cm3 per pot) was added every fifteen days 
(Hoagland and Arnon 1938). Plants of each species were 
randomly assigned in four groups of 20, which were dis-
posed on benches positioned in the north-south direction. 
These benches were covered with different layers of 
neutral shade netting. An additional irradiance consisted 
of plants growing in full sunlight (benches without shade 
netting representing 100 % of irradiance). The PPFD 
(400−700 nm) was recorded once a day over a month, 
using a LI-191SA line quantum sensor or an LI-190SA  

quantum sensor attached to a LI-1000 data logger  
(Li-Cor, Lincoln, NE, USA) on cloudless days near 
midday. The percent level in each treatment was 
calculated with respect to the full sun value. The average 
PPFD values with the standard error obtained during the 
experiment were: 1 728.85±62.82; 701.92±64.88; 176.19 
±17.11; 26.60±9.63, corresponding to 100, 40, 10, and 
1.5 % of PPFD. The minimum and maximum tempera-
tures for the different treatments were [ºC]: 16.0−34.5, 
16.0−34.0, 16.0−31.0, and 16.0−32.0 for 100, 40, 10, and 
1.5 % PPFD, respectively. In addition, air temperature 
and relative humidity data were obtained from a meteo-
rological station close to the location of the experiments 
and used to calculate the leaf to air vapour pressure 
difference (Δw). 

 
Daily time-courses of gas exchange were made on four 
fully expanded and healthy leaves 2−3 nodes below the 
shoot apex, each from a different plant. The net photo-
synthetic rate per unit leaf area (PN), stomatal con-
ductance to water vapour (gs), transpiration rates (E), leaf 
temperature (Tleaf), and the ratio of intercellular to 
ambient CO2 concentration (Ci/Ca) were determined with 
a portable open-system gas analyser IRGA (LCA-4, 
Analytical Development Co., Hoddesdon, UK) connected 
to a PLC4 (B) (6.25 cm2) leaf chamber. The air entering 
the leaf chamber was drawn from a height of 3 m 
aboveground and passed through a 1 500 cm3 buffer 
vessel to avoid fluctuation of ambient CO2 concentration 
(Ca). For comparison of the PN, gs, and E values five 
leaves of different individual plants for each species were 
used. The data were collected in the hours of maximum 
PN, gs, and E according to the results of the daily time-
courses of gas exchange measurements. Water use 
efficiency (WUE) was calculated as the ratio P/E at the 
moment of maximum PN according to Nobel (2005). The 
PN–PPFD curves were obtained for 3 leaves from 
different specimens growing under 1.5 % and full sun-
light. These data were collected in the morning under full 
solar irradiation. Attenuation of PPFD at the leaf surface 
was achieved by covering the top of the leaf chamber 
with different layers of neutral shade netting. Each 
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irradiance measurement was taken after stabilization of 
CO2 readings, usually after about 2 min. All these 
measurements were made in the middle of the rainy 
season (February to March 2002). 

 
Diurnal course of Chl fluorescence was measured with 
a pulse-amplitude modulated photosynthesis yield 
analyser (MINI-PAM, Walz, Effeltrich, Germany) equip-
ped with a leaf clip holder (model 2030-B) using four 
leaves from the same specimen used for the gas exchange 
measurements. The PPFD measurements were taken 
close to the leaf surface using a micro-quantum sensor, 
which was factory calibrated against a LI-COR 190 
quantum sensor (LI-COR, Lincoln, NE, USA). Maximum 
fluorescence (Fm) and minimum fluorescence (F0) were 
measured in darkness before dawn and their maximal 
photochemical efficiency of photosystem 2 (PS2) was 
obtained from the formula (Fm − F0)/Fm = Fv/Fm. The 
maximum fluorescence (Fm’) and steady-state fluores-
cence (F) in the light-adapted state were measured  
at various times during the day, following the methods 
described by Bilger et al. (1995). Saturated radiation 
pulses of 700 ms duration were applied through a fibre-
optic cable oriented at 60o to the leaf surface. The angle 
and distance between the leaf and the fibre-optic cable 
were manually adjusted and set with the leaf clip holder. 
For the measurements of irradiance-adapted parameters, 
care was taken not to shade the leaves by the fibre optic 
probe and the leaf clip holder. The effective quantum 

yield of PS2 was calculated according to Genty et al. 
(1989) as (Fm’ – F)/Fm’ = ΔF/Fm’. Non-photochemical 
quenching (NPQ) was calculated according to Maxwell 
and Johnson (2000) as NPQ = (Fm – Fm’) Fm’. The pre-
dawn measurement values of maximum fluorescence (Fm) 
were used to calculate this quenching parameter. The 
electron transport rate (ETR) through PS2 was also cal-
culated (White and Critchley 1999) according to the 
equation: ETR = (ΔF/Fm’) PPFD 0.5 A where: ΔF/Fm’ is 
the photochemical yield under irradiation; PPFD corre-
sponds to the radiation incident at the leaf surface [μmol 
m−2 s−1; 0.5 is a multiplication factor which assumes that 
the transport of a single electron requires the absorption 
of 2 quanta (White and Critchley 1999)] and A is the 
photon absorbance at the leaf surface for wavelengths in 
the range 400−700 nm. From optical property measure-
ments, it was possible to work with a specific radiation 
absorbance for Canavalia and Gouania leaves. The  
A values varied from 0.72 to 0.91 for leaves under 
different irradiances (Sanches and Válio 2006). 

 
Data analysis: For the daily time-course of PN, E, gs, 
Ci/Ca, and Chl a fluorescence, descriptive statistics were 
applied to obtain means and standard error. For compari-
son between two variables (irradiance×species) two-way 
ANOVA was used. When significant, the data were sub-
jected to the Tukey test at the 5 % level. The PN×PPFD 
curve was fitted according to Prado et al. (1994). 

 
Results 
 
Environment: The leaf-to-air vapour pressure difference 
reached 4.75 and 5.50 kPa under 100 and 40 % at midday 
for both species, whereas values of 4.50 also prevailed at 
midday under 10.0 and 1.5 % of PPFD (Fig. 1). The leaf 

temperature (Tleaf) for Canavalia and Gouania under 100 
and 40 % PPFD was 25.5−39.0 oC. Under shade 
conditions (10.0 and 1.5 % PPFD) Tleaf values were on 
average 35−36 oC (data not shown). 

 
 
 
 
 
 
 
 

Fig. 1. Daily time-course of leaf-to-air vapour 
pressure difference (Δw) [kPa] in Canavalia 
parviflora and Gouania virgata under 100, 40, 10,
and 1.5 % of photosynthetic photon flux density. 
Means ± SE; n = 4. 

 
Diurnal courses of gas exchange and irradiance 

responses (Figs. 2 and 3): The PN, E, gs, and the Ci/Ca 
ratio varied amongst the two species in terms of maximal 
values, the midday depression period, and their behaviour 
under distinct irradiances. PN reached maximum of about 
6 μmol m−2 s−1 during the morning for both species under 
100 and 40 % PPFD. In Canavalia and Gouania under 
full sunlight the peak values of gs were attained in the 

early morning, at around 07:30 h. Following this early 
morning peak, a drop of 80 % in gs was observed which 
resulted in a reduction of E but not of PN. As the stomata 
remained closed, a sharp decrease in PN was observed 
near midday. This pattern was detected in both Canavalia 
and Gouania even though the effect was smaller in the 
latter species. However, due to brief recovery of gs 
around 13:00 h, both species were able to modify their PN  
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Fig. 2. Daily time-course of net photosynthetic (PN)
and transpiration (E) rates (left column), stomatal 
conductance to water vapour (gs), and the ratio of 
intercellular to atmospheric CO2 concentration 
(Ci/Ca) (right column) for leaves of Canavalia 
parviflora growing under different irradiances. 
Means ± SE, n = 4 (each replicate from different 
specimens). 

 
and E exchanges, between 14:00 and 16:00 h, attaining 
values similar to those at early morning. The gs values 
under full sunlight for Canavalia and Gouania species 
were severely limited by leaf-to-air vapour pressure 
difference (Fig. 4). 

In Canavalia under 10 % PPFD, the higher PN 
occurred between 08:00 and 09:00 h and in the afternoon 
between 14:00 and 16:00 h, with reductions of PN, gs, and 
E near midday. The same behaviour was observed for 
plants under full sunlight and 40 % PPFD. On the other 
hand, at 10 % PPFD Gouania showed increases in PN 
during the morning and the maximum values occurred 
near to midday (Fig. 3). Overall, at 1.5 % PPFD Cana-
valia and Gouania showed low PN during the day, but 
still under this treatment higher values were obtained near 
midday. The E and gs showed a similar pattern. In 
general, average Ci/Ca ratios were 0.45−0.70 for 
Canavalia and Gouania species under all irradiances 
(Figs. 2 and 3). 

The curve of photosynthetic irradiance response 
showed that both species exhibited higher photon-satu-
rated PN under full sunlight than under 1.5 % PPFD  
(Fig. 5). These curves also indicated that a PPFD of about 
600 μmol m−2 s−1 was high enough to saturate PN under 
full sunlight, while leaves under 1.5 % PPFD saturated 
their PN at lower irradiances. In Canavalia the compen-

sation irradiance was lower under full sunlight and higher 
under deep shade, whereas the opposite pattern was 
recorded for Gouania. 

 
Comparison of gas exchange (Fig. 6): In Canavalia 
leaves there were significant differences in PN, E, gs, and 
WUE between plants growing at full sunlight and lower 
irradiances. Gouania sustained relatively high PN down to 
10 % of PPFD. Although both species exhibited substan-
tial photosynthetic plasticity along the irradiance gradient 
imposed, Canavalia showed a greater range of variation 
in PN than Gouania. Factorial analyses revealed that 
Gouania leaves achieved higher PN than Canavalia under 
40, 10, and 1.5 % sunlight. However, the E was superior 
in Canavalia leaves under full sunlight. In spite of the 
greater E observed in Canavalia leaves under full sun-
light, the WUE was superior in this treatment when com-
pared to Gouania (Fig. 6). By contrast, under deep shade 
(1.5 % sunlight), Gouania leaves were superior in WUE. 

 
Diurnal courses of Chl fluorescence: Distinct patterns 
were observed in ΔF/Fm’ according to the irradiance 
(Fig. 7). The ΔF/Fm’ dropped drastically after sunrise at 
higher irradiances. Canavalia showed a strong reduction 
in ΔF/Fm’ at midday, 0.142 under full sunlight and 0.156 
under 40 % PPFD. Under the same conditions Gouania  
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Fig. 3. Daily time-course of net photosynthetic (PN)
and transpiration (E) rates (left column), stomatal 
conductance to water vapour (gs), and the ratio of 
intercellular to atmospheric CO2 concentration 
(Ci/Ca) (right column) for leaves of Gouania virgata
growing under different irradiances. Means ± SE, 
n = 4 (each replicate from different specimens). 

 
exhibited somewhat higher values of about 0.228 and 
0.347. At the two lower irradiances the decrease in 
ΔF/Fm’ seen at midday was much smaller than in plants 
grown at high irradiances. The pre-dawn measurements 
that correspond to the dark-adapted state showed the 
Fv/Fm ratio of about 0.801 for all irradiances and for both 
species. Under full sunlight, the daily time-course of ETR 
displayed two patterns. Canavalia showed higher ETR 
between 10:00 and 12:00 h followed by a decrease and 
subsequent recovery. On the other hand, the daily time-
course of ETR in Gouania showed a drop between 

morning and midday, with the highest values at 15:00 h. 
Under 40 % PPFD, ETR rates were 50.25 and 60.95 μmol 
m−2 s−1 at early morning for Canavalia and Gouania, 
respectively, but the maximum values in Gouania leaves 
under 40 % sunlight were attained at 14:00 h. ETR was 
reduced under shade (Fig. 7). Under both full sun and 
40 % PPFD, Canavalia and Gouania showed increases in 
NPQ up to midday and decreases during the afternoon 
(Fig. 7). Under the shade (10 and 1.5 % PPFD) lower 
NPQ values were observed during the day (Fig. 7). 

 
Discussion 
 
Lianas usually occupy open areas where high photon 
availability and high environmental variability prevail. 
This distribution pattern is similar to that found for 
pioneer tree species (Schnitzer and Bongers 2002). 
Nevertheless, maximum PN values observed for the liana 
species were below those found for pioneer species and 
not far from climax species (Hölscher et al. 2004, 
Nogueira et al. 2004, Ribeiro et al. 2005). Zotz and 
Winter (1996) recorded values of carbon assimilation of 
less than 10 μmol m−2 s−1 in lianas from the Panama 
forest and more recently Santiago and Wright (2007) and 
Cai et al. (2007) found lower values of PN for lianas 

compared with tree species. Similar results of PN were 
also observed in Enkleia malaccensis, a twiner liana from 
a lowland tropical forest located in Malaysia (Tay et al. 
2007). These values are within the range found for 
Canavalia and Gouania. The gs values were also 
intermediates to those found in pioneer and late 
succession species (Juhrbandt et al. 2004). 

Although PN is often positively correlated to the 
specific leaf area (Franco et al. 2005) high values were 
not found in tropical lianas (Cai et al. 2007, Tay et al. 
2007) in spite of the fact that the lianas presented a larger 
specific leaf area than their host trees (Salzer et al. 2006).  
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Fig. 4. Relationship between stomatal conductance (gs) and leaf-
to-air vapour pressure difference (Δw) [kPa] of Canavalia 
parviflora and Gouania virgata leaves under full sunlight. 

Nevertheless, lianas usually produce many leaves (Putz 
and Windsor 1987) and are richer in nitrogen content than 
the trees which support them (Salzer et al. 2006). These 
appropriate traits may partially compensate the low PN 
observed in Canavalia and Gouania. Lianas have lower 
requirements for carbon investments in support tissues 
than trees (Putz 1990) suggesting a lower demand of 
carbon for growth of this organ. 

Canavalia and Gouania showed similar values of PN 
under full sunlight, but Canavalia was superior in 
relation to Gouania in WUE under 40 % and full sun-
light. Thus the gas exchange responses to water limita-
tions have an important role in the acclimation of these 
species under high irradiance, indicating a tendency for  
a conservative pattern of water use (Domingues et al. 
2007). Indeed, the decrease in gs after its initial peak  
in early morning was so severe that it resulted in 
decreased E, but not carbon assimilation, resulting in a 
high WUE in Canavalia. As their stomata remained 
closed, a decrease in both PN and Ci/Ca ratio was 
observed near midday, indicating that stomatal limitation 
was presumably the main cause of reduced PN over this 
period. However, in the early afternoon, with the brief 
recovery of gs, both species exhibited another increase in 
PN. This result, characterized by a double peak in the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Relationship between net photosynthetic
rates (PN) and photosynthetic photon flux density
(PPFD) at the leaf surface of Canavalia parviflora
(left column) and Gouania virgata (right column)
growing under 100 (A, C) and 1.5 % (B, D) of
PPFD. 

 
daily time-course of PN, suggests that lianas are able to 
carry out photosynthesis even under low Ci indicating 
high carboxylation efficiency in these species (Franco  
et al. 2005). 

It is possible that reductions of 70 % in PN near 
midday in Canavalia and 40 % in Gouania relative to the 
maximum values attained during the day were probably 
the result of a combination of multiple stresses such as 
the high irradiance to which these species were submitted 
and an increase in evaporative demand. Data from the 
irradiance response indicate that a PPFD of about  
600 μmol m−2 s−1 was enough to saturate PN and  

at midday the maximum PPFD reached values above 
1 800 μmol m−2 s−1. It is unlikely that this restriction was 
caused by an internal reduction of the water status of the 
plants, since the pots were well watered before the 
measurements. 

Our results regarding the daily time-course of gs 
support the suggestion by Barker and Pérez-Salicrup 
(2000) that lianas limit excess water loss by leaf 
adaptation. This also agrees with Andrade et al. (2005) 
who discuss the reduction of water flux in lianas through 
stomatal closure. The stomata of leaves under full 
sunlight were very sensitive to the increase of leaf-to-air  
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Fig. 6. Maximum values of net photosynthetic rates 
(PN), transpiration rates (E), stomatal conductance 
(gs), and water use efficiency (WUE) in Canavalia 
parviflora and Gouania virgata kept under different 
irradiances. Lowercase letters compare different 
irradiances and uppercase letters compare species.
n = 5 (each replicate from different specimens). 

 

 
Fig 7. Daily time-course of photochemical efficiency of 
photosystem 2 in the dark (Fv/Fm, pre-dawn and after sunset 
measurements) and in the light (ΔF/Fm’, the remaining 
measurements), electron transport rate (ETR), and non-
photochemical quenching (NPQ) for Canavalia parviflora and 
Gouania virgata leaves kept under different irradiances. Means 
± SE, n = 5 (each replicate from different specimens). 
 
vapour pressure difference resulting in the lowering of gs 
near midday. Stomata sensitivity to humidity has been 
described for tropical (Castellanos 1991, Barker and 
Pérez-Salicrup 2000, Tay et al. 2007) and temperate 
lianas (Teramura et al. 1991) where stomata closure 
occurs in response to an increase of Δw leaf-to-air, 

resulting in reduced water loss, as observed in our daily 
time-course measurements of E. Lianas are considered 
heliophytes, hence a mechanism that reduces water loss 
during some period of the day is important for the ex-
ploitation of environments where evaporative demand is 
high. Restom and Nepstad (2001) comparing E between 
tree species and lianas in a secondary Amazon forest 
detected a smaller reduction of E in trees during transition 
from the wet to dry seasons compared with liana species. 
All these results suggest that lianas are incapable of 
maintaining high E under high temperature and full 
sunlight. The maintenance of high E is common in large 
trees with their greater capacity to store water in stems 
(Goldstein et al. 1998). The ratio between maximum 
diameter and sap wood volume is smaller in lianas in 
relation to trees (Gartner et al. 1990) and so a lower 
capacity of water storage in the stems is to be expected 
(Andrade et al. 2005). Additionally, lianas usually have 
proportionally a greater leaf area per unit of transverse 
stem area compared to trees (Ewers et al. 1991). Overall, 
these traits may have contributed to a strong control of 
stomatal aperture, thus preventing any hydraulic injury, 
such as xylem embolism. 

Our results show that high PPFD was not the only 
factor that limits carbon assimilation. Even under more 
amenable irradiance the species showed a reduction of PN 
during the hottest hours of the day, mainly in Canavalia 
where restrictions of 56 and 48 % of PN were detected at 
40 and 10 % of PPFD, respectively. It is possible that leaf 
temperatures above 35 oC can be responsible for such 
reductions. 

Under low irradiance, the liana species presented low 
PN but they were capable of keeping their stomata open 
for long periods. Separately or in combination, these 
factors could contribute to the maintenance of Ci (Pearcy 
1987). Under 1.5 % of PPFD the values for CO2 
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concentration inside the mesophyll (230 μmol mol−1) 
were higher when compared to the values in plants main-
tained under full sunlight. Considering that the com-
petition between the oxygenase and carboxylase activities 
of ribulose-1,5-bisphosphate carboxylase/oxygenase is 
smaller under high Ci, higher CO2 concentration would 
result in an increase in the quantum efficiency, an 
important trait for carbon assimilation in a hot environ-
ment limited by light (Pearcy 1987, Lei and Lechowicz 
1997). However, Gouania kept its stomata open for a 
longer period than Canavalia. Such differences in the 
regulation of stomatal aperture may provide evidence for 
better use of sunflecks within the forest by Gouania. This 
characteristic can be important for Gouania species, since 
their juveniles are also observed under the forest canopy. 

In lianas a high capacity to acclimate under imposed 
irradiance was expected, where acclimation is considered 
as the difference of maximum values of PN between high 
and low PPFD (Kursar and Coley 1999). Lianas exhibited 
lower values of PN, gs, and E under 1.5 % PPFD, 
compared to plants under full sunlight. Lower PN in 
shaded plants could be due to production of thin leaves, 
low cellular volume per unit area, and low stomatal 
density, thus resulting in lower concentrations of photo-
synthetic enzyme and electron transporters (Lambers  
et al. 1998). Canavalia was able to adjust physiologically 
to the different irradiances by reducing its PN in parallel 
with reductions of PPFD. This plasticity observed in 
Canavalia is similar to the pattern observed for pioneer 
species that occupy environments where local conditions 
are much more variable than those occupied by shade-
tolerant species (Ribeiro et al. 2005). It is also similar to 
photosynthetic responses found in Stigmaphyllon linde-
nianum, a liana with a twiner stem found in the tropical 
forest of Panama (Avalos and Mulkey 1999). In Gouania, 
PN was relatively high down to 10 % of PPFD and the 
difference of PN between full sunlight and 1.5 % of PPFD 
was smaller than in Canavalia. To sustain a positive 
carbon balance under low PPFD, it is necessary to 
maximize the amount of absorbed photons and photo-
chemical efficiency for CO2 absorption and at the same 
time minimize carbon loss through low respiration rates 
(Lambers et al. 1998). 

Gouania presented higher PN than Canavalia under 
10 and 1.5 % PPFD. This species showed larger specific 
leaf area and a significant increase of absorption effi-
ciency (ratio between absorptance at 400−700 nm per 
unit of biomass in photosynthetic tissues) under equal 
irradiance (Sanches and Válio 2006). Such attributes 
could contribute to the higher PN observed enhancing 
their possibilities for growth and survival in low-
irradiance environments. 

The daily time-course of Chl fluorescence indicated 
the absence of photoinhibition, since the Fv/Fm values 
were close to 0.8 at predawn and after sunset. This re-
versibility of Fv/Fm has been found in different tropical 
plants growing in tree-fall gaps and thus experiencing 

different irradiance regimes during the day (Thiele et al. 
1998), as well as in pioneer species (Dias and Marenco 
2006). 

Under 40 % and full sunlight the lianas presented  
a marked decline of ΔF/Fm’ concomitant with the peak of 
irradiance and small PN around midday. Decreases  
of ΔF/Fm’ can be considered as an adjustment to the pre-
vailing conditions, reflecting reductions of the fraction of 
photon energy absorbed by Chl associated with PS2 and 
utilized in photosynthesis (Maxwell and Johnson 2000). 
In Canavalia, reduction of ΔF/Fm’ was followed by 
maintenance of ETR. This suggests a detour of electron 
flux to another process not directly involved in carbon 
assimilation and could indicate the occurrence of 
photorespiration (Lambers et al. 1998). Recent research 
in field conditions has pointed out the importance of 
photorespiratory CO2 production as a way to minimize 
possible deleterious effects caused by excess of photons, 
high leaf temperature, and reductions in Ci resulting from 
partial stomatal closure (Iio et al. 2004). Besides photo-
respiration, the metabolism of nitrogen, mainly nitrate 
reduction in the leaves or the Mehler-ascorbate peroxid-
ase reaction could contribute as a sink for electrons 
generated by photochemical reactions (Franco et al. 
2007). In Gouania this pattern was not clear. The ETR 
decreased in parallel with the reduction of ΔF/Fm’ due 
probably to photoinhibition and a down-regulation of 
photosynthesis (Krause et al. 1995). If ETR decreases 
during the midday depression of PN, this could also 
reflect a non-stomatal effect of PN (Iio et al. 2004). 

For both species the reduction in ΔF/Fm’ was 
paralleled by an increase in NPQ. This has been consi-
dered as a protection mechanism against excessive 
irradiance (de Mattos et al. 1999). In Canavalia and 
Gouania the decline of photochemical efficiency was 
probably related to the component of fast relaxation of 
NPQ, through energy dissipation via maintenance of an 
electron gradient of protons across the thylakoid 
membrane and by dissipation of heat produced by the 
xanthophyll cycle (Thiele et al. 1998). This was eviden-
ced by complete recovery of ΔF/Fm’ after sunset (Franco 
and Lüttge 2002). Thus, the excess of photon energy that 
could be harmful to Canavalia and Gouania was 
dissipated as heat protecting the plants against photo-
damage. The NPQ in the lianas decreased with increase 
in shade suggesting a possible trade-off between high 
photochemical efficiency under low irradiance and higher 
protection capacity under high irradiance by energy 
dissipation as heat (Einhorn et al. 2004). The NPQ values 
obtained in the present study for both lianas under high 
irradiance are considered high and common for species 
from sunny environments (Bilger et al. 1995). 

Finally, our first hypothesis that lianas would be 
plastic in their photosynthetic responses was partially 
confirmed. Canavalia showed plasticity in its photosyn-
thetic activities with large changes in PN, gs, and E to the 
imposed irradiance. For Gouania this difference was less 
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pronounced showing values of the PN under full sunlight 
closer to those obtained in more shaded treatments. How-
ever, our second hypothesis that lianas must show similar 
values of gas exchanges to those found in pioneer species 
was not supported. Although the lianas occupy similar 
niches to pioneer species, their PN and gs values under 
full sunlight were closer to those found for shade-tolerant 
species. Gouania was more tolerant to shade since the 
values of PN were higher and its compensation irradiance 
was lower than Canavalia at 1.5 % PPFD indicating low 
respiration rates. These features are appropriate for this 
species that is also found in more shaded environments 
within the forest. At 40 % and full sunlight Canavalia 
exhibited higher WUE than Gouania. In the seasonal 
tropical forest, where these plants are native, winter is 
characterized by pronounced drought. Therefore, high 
WUE is a favourable trait since it enables this species to 
maintain high PN even under low gs (Franco et al. 2005). 

The predominance of lianas in habitats with high 
PPFD, such as gaps and forest borders, similar to those 
occupied by pioneer species, does not imply that their 
leaf physiological responses would be similar to such 
plants. Lianas must be characterized by a wide range of 
adaptation to the different irradiance to which they are 
submitted and by different requirements to shade toler-
ance, in the same way as tree species (Gilbert et al. 
2006). Our findings suggest that lianas share several 
physiological leaf traits that are inherent to pioneer and 
shade-tolerant species. Both species sustained relatively 
high PN under 40 and 10 % of PPFD, showing that they 
are capable of adjusting to heterogeneous and low 
irradiance. These adjustments are essential to lianas that 
experience pronounced variations in both spectral quan-
tity and quality during their life histories (Lee and 
Richards 1991). 
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