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Leaf optical properties of two liana species Canavalia parviflora Benth. and
Gouania virgata Reissk in different light conditions
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ABSTRACT - (Leaf optica properties of two liana species Canavalia parviflora Benth. and Gouania virgata Reissk in
different light conditions). Lianas are plants that depend on support to reach some appreciable height, and they represent an
important structural component of tropical forests. Although they predominate in clearings and gaps, some speciessurvivein
the understory. Changesinirradiance between these environments can affect leaf morphology and absorption of photosynthetic
activeradiation (PAR). We had examined the effects of different light regimes on leaf optical properties, chlorophyll content,
specific leaf area, and leaf surface morphology in young seedlings of Canavalia parviflora Benth. (Fabaceae) and Gouania
virgata Reissk (Rhamnaceae). The seedlings were distributed on workbenches covered by different layers of neutral shade
netting, thus creating three levels of light intensity corresponding to about 40%, 10% and 1.5% of solar irradiance. Plants
growing in full sun were used as a control. Both species exhibited an increase in reflectancein full sun and alterationsin leaf
morphology. Reduction in irradiance induced an increase in absorptance (decrease in reflectance and transmittance) in C.
parviflora leavesin the green due to higher chlorophyll content. In G. virgata the spectral leaf changes wereless observable.
However, the efficiency of absorption was more pronounced in G. virgata thanin C. parviflora leaves under 40%, 10% and
1.5% photon flux density (PFD). The greater efficiency of absorptionin G. virgata wasdueto alarger specific leaf area(SLA)
under these conditions. The adjustments in leaf optical properties can aid these speciesin overall carbon gain under limited
light conditions.
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RESUMO - (Propriedades opticasfoliares de duas espécies de lianas Canavalia parviflora Benth. e Gouania virgata Reissk,
em diferentes condic¢8es de luz). Lianas sdo plantas que dependem de um suporte paraatingir umaalturaapreciavel, formando
um importante componente das florestas tropicais. Embora sejam dominantes em clareiras, algumas espéci es sobrevivem no
sub-bosgue. Mudangas da irradiancia entre estes ambientes podem afetar a morfologia foliar e a absorcéo da radiacdo
fotossinteticamente ativa. Neste estudo foram avaliadas as propriedades épticasfoliares, o contelido de clorofila, adreafoliar
especifica e a morfologia da superficie foliar de duas espécies de lianas jovens Canavalia parviflora Benth. (Fabaceae) e
Gouania virgata Reissk (Rhamnaceae), sob diferentes regimes de luz. Plantas jovens foram cultivadas em bancadas cobertas
com sombirites possibilitando intensidades luminosas correspondentes a 40%, 10% e 1,5% da densidade de fluxo de fotons
(DFF). Plantas em radiacdo plena foram usadas como controle. Ambas as espécies exibiram aumentos da reflecténcia sob
radiacdo plenae alteragdes namorfologiafoliar. Redugbes nairradianciainduziram um aumento na absor¢ao (decréscimo na
reflecténciaetransmitancia) nasfolhasdeC. parviflora no verde, devido ao maior contéudo de clorofila. Mesmo nado exibindo
alteragBes pronunciadas das propriedades espectrais, G. virgata foi superior naeficiénciadaabsorcao emrelacdo aC. parviflora
sob 40%, 10% e 1,5% da densidade de fluxo de fétons (DFF). O aumento da eficiénciadaabsorcéo em G. virgata ocorreu em
funcdo damaior areafoliar especifica (AFE) nestas condic8es. O conjunto de g ustes nas propriedades espectrais pode auxiliar
as espécies no ganho de carbono em ambientes mais sombreados da floresta.

Palavras-chave - absorc¢do foliar, &reafoliar especifica, condi¢des deluz, lianas, reflectancia

Introduction especially trees, as support to grow towards the forest

canopy of the forest (Putz & Mooney 1991, Holbrook

Lianas (woody vines) are conspicuous in tropical & Putz 1996). Once the lianas begin to grow on the
forests. They arerooted inthe soil and useother plants,  forest floor they experience extreme differences in
radiation quantity and spectral quality (Lee & Richards

1991).

1. Universidade de Campinas, Instituto de Biologia IB, Lightintropical forests exhibits variations at both
Departamento de Fisiologia Vegetal. Caixa Postal 6109, . . .
13083-970 Campinas, SP, Brasil. temporal and spatial scales. The environment in

2. Universidade Federal de Ouro Preto, Instituto de Ciéncias  clearingsismostly affected by high radiation that reaches

Exatas e Bioldgicas, Depa_rtamento de Ciéncias Biolégicas, the lower vegetation strata, Furthermore, the plants in
Campus Morro do Cruzeiro, 35400-000 Ouro Preto, MG, . . .
Brasil. the clearings and upper canopy are subjected to high

3. Corresponding author: sanchesmc@yahoo.com.br temperatures and high vapour pressure deficit (Chazdon



320 M.C. Sanches & |.F.M. Vdio: Leaf optical propertiesof two liana species

et al. 1996). In contrast, plants of dense forests are
exposed to high relative humidity and moderate
temperatures, and the irradiance is generally reduced
by the filtering effect of the canopy foliage. Leaf
reflectance and transmittance are low in the visible
higher after 700 nm. Hence, light in dense forest is
markedly depleted of photosynthetically active
wavelengths and is enriched with far-red wavelengths
(Buisson & Lee 1993). Nevertheless, there are awide
range of gap sizesand in some cases, e.g. in small gaps,
their environmental conditions can be similar to the
understory conditions (Gandolfi 2000).

Among different factors that contribute to
environmental variationintropical forests, light iscentral
to several responses such as establishment, growth, and
survival (Leeet al. 1996, Souza & Vdalio 2001). Based
ontheir lifehistory, tropical plants have been categorized
intwo groups: light-demanding, or pioneers, and shade-
tolerant species (Strauss-Debenedetti & Bazzaz 1996).
Pioneer plants germinate and survive only in clearings
and light gaps, whilejuveniles of shade-tolerant species
survive well in shaded understory (Kitajima 1996). In
fact, these two groups are thought to be the extremes
of a continuum of shade responses among seedlings of
different tree species (Osunkoyaet al. 1994, Leeet al.
1996).

Growing in the understory alters the plant
development at all levels of organization, from general
architectureto biochemistry (L Uttge 1997). For instance,
adjustmentsto low irradiance may lead to alterationsin
leaf thickness (increase in specific leaf area), higher
chlorophyll and carotenoid content per unit weight, and
yet, shade leaves may be relatively more enriched in
chlorophyll b with relation to chlorophyll a, resultingin
low chlorophyll a/b ratio compared to sun leaves (Evans
& Poorter 2001, Souza & Valio 2003b). All these
changes should affect the leaf optical properties (Lee
et al. 1990, Vogelmann 1993). Since light is often a
limiting resource in the understory, one would expect
that shade-tol erant species maximizethe capture of light
in the most efficient way, i.e., at alower cost in terms
of construction and maintenance (Lee & Graham 1986,
Poorter et al. 1995). In contrast, when plants are
growing in high light environments, their leaves are
usually thicker, they havethick cuticle, higher chlorophyll
a/b ratio and lower specific leaf area, and they are
generally more vertical than shade leaves (Chiarello
et al. 1987, Araus & Hogan 1994). All these features
would increase the reflectance, reducing the amount of
absorbed solar energy (Tanner & Eller 1986); it would
be consequently beneficial for the leaf, as it reduces

the heat and thustranspirational and photosynthetic costs
(Poorter et al. 1995).

Although some studies stated that no pronounced
differences were observed in leaf optical properties
between sun and shade species, or between exposed
and shaded leaves of a particular species (Lee &
Graham 1986, Knapp & Carter 1998, Cao 2000), other
works showed that, greater adjustments on leaf
characteristicsoccurred, in shade tolerant species, which
might increase light absorptance efficiency under limited
light (Poorter et al. 1995, Souza & Valio 2003b).

Most of these studies on leaf response to light
gradient have been conducted with tree species, maybe
due to their importance in the sucessional processes.
However, someauthorsfocused their attention on species
that belong to other lifeforms, aslianas (Putz & Mooney
1991, Avalos & Mulkey 1999, Kazda & Salzer 2001,
Sanches & Vélio 2002). The increasing scientific
interest in lianas is related to their role in forest
regeneration and to their contribution to the maintenance
of biodiversity and whole-forest transpiration (Restom
& Nepstad 2001, Schnitzer et al. 2000, Schnitzer &
Bongers 2002). In general, lianas have a detrimental
effect on forest dynamics by reducing the growth and
increasing mortality of their host (Putz 1984, Pérez-
Salicrup & Barker 2000). In addition, lianas contribute
to increase litter production and are very important to
forest animals, both as a source of food and as a
structural component of their habitat (Gentry 1991).

Despite their importance, the ecophysiology of
lianasisrelatively poor compared to tree species. This
ispartly dueto thedifficulty in assessing the canopy, in
identifying genets (sexually produced plants) or ramets
(vegetatively produced plants), and also to taxonomic
uncertainties, (Avalos & Mulkey 1999, Schnitzer &
Bongers 2002).

Most lianas are lush in natural and man-made
clearings because of their rapid growth in high light
environments and of alarge production of seeds (Putz
1984, L ittge 1997, Dewalt et al. 2000). Thisdistribution
pattern may be a sign that these life forms need high
irradiance for establishment and development. Thus
lianas may share several life-history traitswith pioneer
species (Luttge 1997, Schnitzer et al. 2000). The
purpose of the present study is to evaluate the
adjustments in leaf level along the gradient of light.
We will specifically take into account the changesin
leaf morphological characteristics, chlorophyll content
and leaf optical properties of two liana species that
naturally grow in a fragment of a tropical semi-
deciduous forest.
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Materials and methods

Selected species — The species studied were Canavalia
parviflora Benth. (Fabaceae) and Gouania virgata Reissk
(Rhamnaceae). Canavalia parviflora is a twining liana,
whereas Gouania virgata shows tendrils as climbing
mechanism. Both lianas arewidely distributed in open areas,
such asforest edges and gaps, although juveniles of Gouania
virgata are also found in understory environments. Both
studied specieswere nativein asemi-deciduousforest located
in Southeast Brazil (22°44'45” S and 47°06'33” W; 670 m
altitude; Morellato & Leitdo Filho 1996). The climate is
characterized by a dry season with mild temperatures
(12-27 °C) from April to September and awet and warm season
(18-34°C) from October to March. Ripefruitswere picked up
from aminimum of five plants before their natural dispersal
and brought to the laboratory to separate the seeds. After
cleaning, the seeds were scarified prior to the germination
treatment, and seedlings were obtained from seeds
germinated in Petri dishes at 25 °C under continuous white
fluorescent light. Germinated seeds were transplanted to
plastic pots (0.7 L) and maintained in the glasshousefor initia
establishment.

Experimental conditions— Plantswere transferred to an open
area at the Universidade Estadual de Campinas. They were
kept well watered during the experiments and a Hoagland
solution (100 mL per pot) was added every fifteen days
(Hoagland & Arnon 1938). Plants of each species were
randomly assigned to four groups of 20, disposed on
workbenches positioned in the north-south direction. These
workbencheswere covered by different layersof neutral shade
netting, thus creating three levels of light intensity
corresponding to about 40%, 10% and 1.5% of solar
irradiance. Anadditional irradiancelevel consisted of plants
growing in full sun. The PAR (photosynthetically active
radiation, 400-700 nm) was recorded every month, by a
LI-191SA line quantum sensor or an LI1-190SA quantum sensor
attached to aL1-1000 datalogger (Li-Cor, Inc., Lincoln, NE)
on cloudless days near midday. The percent level of PAR
was calculated in each treatment from thefull sunvalue. PAR,
maximum and minimum air temperaturesareshownin Table 1.
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Leaf characteristics— Three fully-developed healthy leaves
of each plant specieswere harvested, sealed in plastic bags,
and immediately stored in acold box to prevent water |oss.
Within 2 hours, they were brought to the laboratory and for
their spectral properties analysed. Leaf hemispherical
reflectance and transmittance of their adaxial face were
measured with a L1-1800-12S integrating sphere linked by
fiber opticstoal [-1800 portable spectroradiometer (LICOR),
inthe400-1100 nm rangewith 2 nm step. L eaf opticd properties
were calibrated using a barium sulphate standard.
Absorptance was calculated according to the formula:
Absorptance = 1 - reflectance - transmittance. Total
absorptance was calculated separately for the wavelength
range 400-700 nm (photosynthetically active radiation) and
700-750 nm (far red). Chlorophyll and carotenoid contents
were measured in the same lot of plants. Five discs
(diameter = 0.7 cm) per plant and five plants per treatment
were used for extraction. Equal samples of leaf discs were
taken to obtain the dry mass. Each lot of five discs was
extracted in 5 mL of acetone 80% during 72 hours. Then the
absorbance was recorded in a spectrophotometer at 470
(carotenoids), 645 (chlorophyll b) and 663 nm (chlorophyll
a). Chlorophyll and carotenoid content was expressed in
mg g* dry mass according to Arnon (1949) but using the
absorption coefficients according to Lichtenthaler (1987).
Specific leaf area (SLA) was calculated for five
plants/treatment/species as the ratio area/dry mass. The |eaf
dry masswas obtained after drying during 48 hours at 80 °C.
Scanning electron microscopy — To investigate the leaf
surface (adaxial and abaxial faces), small pieces were cut,
carefully fixed on aluminium stubs by double-sided adhesive
tape, air-dried and splutter coated with gold. Each stub was
examined and photographed in a scan electron microscope.
The leaf traits were described according to Barthlott et al.
(1999).

Statistical analysis— Comparison of the meansfrom different
treatments was carried out by the analysis of variance. For
interactions among light treatment and species a two-way
ANOVA was performed. When differenceswere statistically
significant, the Tukey’sleast significant differencetest, with
5% level of probability was used (Gomes 1990).

Table 1. Photon flux density (PFD, umol m2s?) and means of maximum (Tmax.) and minimum (Tmin.) air temperature during the

experiments (October to April 2002).

Treatment
% 100 406 102 15
PFD 172885 701.92 176.19 26.60
std (6282 (£ 64.88) (£17.11) (£9.63)
Temperature 34.3/15.8 34.0/16.0 31.0/16.0 32.0/16.2
max/min (2.25/3.31) (2.3/2.9) (0.8/2.6) (1.713.7)
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Results

Leaves of C. parviflora Benth. and G. virgata
Reissk basically showed similar patternsin their spectral
properties under 100% and 40% photon flux density
(PFD) (figures 1, 2). In this condition, leaves displayed
strong absorptance in the range of 400-750 nm with a
drop near 550 nm and a sharp decline after 700 nm.
Reflectance and transmittance showed an opposite
pattern, with asmall increase in 550 nm.

Overall, reductionsinirradianceinduced increases
in absorptance in C. parviflora leaves for wavelengths
near the green region. In G. virgata leaves, this pattern
was not verified. For 1.5% PFD, reductions in
reflectance at 550 nm were the only alteration observed
in G. virgata leaves.

Average data of absorptance, reflectance, and
transmittance in the PAR (400-700 nm) and, far-red
(700-750 nm) regions are gathered in table 2. Therewas

a significant decrease in reflectance and transmittance
over the whole spectrum for C. parviflora leaves
growingin 1.5% PFD compared to those leavesgrowing
in full sun. Consequently, a strong absorptance was
observed for this species under limited light conditions
(1.5% PFD). The effect of contrasting light regimeson
spectral properties of G. virgata leaves was less
pronounced (table 2).

Average chlorophyll and carotenoid contents for
C. parviflora and G. virgata are given in table 3. For
10% and 1.5% PFD conditions, chlorophyll a, chlorophyll
b and total chlorophyll incresead for both species.
However, thisrisedid not reflect aterationsin chlorophyll
a/b ratio, except in G. virgata leaves grown in full sun,
which showed, asmaller chlorophyll a/b ratio compared
to plantsgrown in 40%, 10% and 1.5% PFD. Moreover,
the carotenoid content was higher under 10% and 1.5%
PFD for C. parviflora leaves and under 10% PFD for
G. virgata leaves compared with full sun leaves.
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Figure 1. Spectral propertiesof Canavalia parviflora Benth. leaves grown under different conditions of relativeirradiance.

—————— = Reflectance; ------- = Transmittance; —— = Absorbance.



RevistaBrasil. Bot., V.29, n.2, p.319-330, abr.-jun. 2006

Although high carotenoid content was observed under
shade, theratio between carotenoid and total chlorophyll
(carot/chl) was higher for the two species under 100%
and 40% PFD.

Table 4 shows specific leaf area (SLA) obtained
for al treatments. SLA varied as a function of light
availability for C. parviflora and G. virgata |eaves, both
exhibiting higher SLA in 1.5% PFD. A reduction of
photosynthetic tissue may lead to higher SLA, reflecting
an increased efficiency of light capture expressed as
theratio of PAR absorption to unit biomassinvested in
photosynthetic tissues (Poorter et al. 1995). Asobserved
in table 2, C. parviflora was able to increase its
absorption under 10% and 1.5% PFD whereas
G. virgata leaves did not show any change. However,
both species were more efficient to capture light under
these conditions (figure 3). Absorption efficiencieswere
more pronounced in G. virgata than in C. parviflora
leaves as demonstrated by significant interaction
between light and species. This result was largely due
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tointerspecificvariationin SLA, i.e., G. virgata exhibited
higher SL A and was moreefficient in absorption of PAR
under low irradiance.

The leaf surface characteristics of C. parviflora
and G. virgata are shown in figures 4 to 15. Under
full sun, the ornamentation of the C. parviflora adaxial
face basically consistsof folded cuticleswith arelative
prominent superficial sculpture (figure 4). When kept
in the shade (10% and 1.5% PFD), one can observe
the presence of glandulesirregularly ordered on their
surface (figure 5 and 7). C. parviflora leaves are
hypostomatic. Their guard cells have thick walls,
surrounded by epidermic cells with a striated cuticle.
Decreases in stomatal density was observed in
C. parviflora leaves under 1.5% PFD. The leaf
surfacein G. virgata growing in full sunisornamented
by many non-glandular trichomes (figure 10). On the
abaxial face, the stomata are protected by trichomes.
These protections are not detected on leaves in the
shade (figure 13 and 15).
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Figure 2. Spectral properties of Gouania virgata Reissk |eaves grown under different conditions of relative irradiance.
------ = Reflectance; -:----- = Transmittance; —— = Absorbance.
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Table 2. Average reflectance, transmittance and absorptance in the PAR (400-700 nm) and far-red (700-750) regions of the
spectrum for leaves of Canavalia parviflora Benth. and Gouania virgata Reissk grown under different photon flux densities
(PFD) (relative unites). In each column valuesfollowed by different letters are statistically different at the 5% level (Tukey).

Species Wavelength(nm) PFD (%) Reflectance Transmittance Absorptance
C. parviflora 400-700nm 100 0.131a 0.069b 0.799hc
40 0.135a 0.141a 0.722c
10 0.086ab 0.077b 0.836ab
15 0.053b 0.030c 0.916a
700-750nm 100 0.409a 0.343b 0.246 bc
40 0.408a 0417a 0.174c
10 0.360a 0.361b 0.278b
15 0.292b 0.318b 0.389a
G. virgata 400-700nm 100 0.09%4a 0.085a 0.819a
40 0.089a 0.104a 0.806a
10 0.089a 0.123a 0.787a
15 0.066b 0.0%a 0.838a
700-750nm 100 0.375a 0.370b 0.253a
40 0.3%4a 0.414ab 0.231a
10 0.348a 0436a 0.214a
15 0.291b 0432a 0.276a

Table 3. Chlorophyll and carotenoid content of leaves of Canavalia parviflora Benth. and Gouania virgata Reissk grown
under different photon flux densities (PFD). Means followed by different letters in each column are statistically significant

between treatments at the 5% level (Tukey).

Species PFD Chlorophyll Chlorophyll Total a/b Total Carotenoids/
% a b Chlorophyll ratio carotenoids chlorophyll
(mgg?) (mgg) (mgg) ratio
C. parviflora 100 234c 1.28b 362 ¢ 184a 106 ¢ 0.29a
40 3.06¢c 147b 44 ¢ 2.08a 125 bc 0.27a
10 6.42b 3.86a 1028 b 171a 183 a 0.18b
15 8.96a 505a 1402 a 177a 1.57 ab 0.11c
G. virgata 100 173c 090c 263 ¢ 187b 091 b 0.38a
40 2.86¢C 127c 414 c 2.28a 132 b 0.32a
10 6.71b 287b 958 b 2.33a 214 a 0.22b
15 8.92a 403a 1295 a 221a 119 b 0.08¢c
Discussion L., atree species considered as shadetol erant that grows

The effects of shade conditions caused changes in the
leaf biophysical characteristics. C. parviflora leaves
showed a significant absorption increase in the
400-750 nm range under 1.5% PFD when compared to
full sun. Thisincrease was achieved through reductions
in transmittance and reflectance. Similar optical
properties have been verified in Hymenaea courbaril

in the same study area (Souza & Valio 2001, Souza &
Vaio 2003a, b). As pointed out by these authors, the
increase in absorptance may be partially explained by
anincrease in chlorophyll content under shade and not
by athinning of theleaf. Thiswas probably the casefor
C. parviflora, since this species showed higher
chlorophyll content and was | ess responsive to specific
leaf areathan G. virgata (their leaveswere thicker than
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Table 4. Specific leaf area (SLA - cm? g1) of Canavalia
parviflora Benth. and Gouania virgata Reissk grown under
different photon flux densities (PFD). Means followed by
different |lettersare statistically significant between treatments
at the 5% level (Tukey 5%).

PFD %
Species 100 40 10 15

323.16b
424680

405.21a
536.63a

146.90¢
145.72d

184.14c
253.33¢c

C. parviflora
G.virgata

35
aA
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2.5¢ bA

2.0
dA

1.5

1.0

Absorptance efficiency

0.5

0.0—Z2 -
Canavalia parviflora

Gouania virgata

Figure 3. Absorption efficiency (ratio between absorptance
in the range of PAR and photosynthetic tissue biomass).
Barsrepresent mean standard deviation. Lowercase compare
different light regimes and uppercase compare species.
= 100% PFD; [0=40% PFD; B=10% PFD; [1 =1.5% PFD.

G. virgata under 1.5% PFD) (data not shown).
Moreover, C. parviflora also showed an increase in
absorptance after 700 nm under 1.5% PFD, as
mentioned earlier by Lee & Graham (1986), Poorter
et al. (1995) and Souza & Vdaio (2003b). Considering
that understory environment is more enriched with
far-red wavelengths, the use of quanta in the 700-750
range may be of great value for overall carbon gainin
thisenvironment (Lee & Graham 1986). Other features
can also berelated to agreater absorbance under limited
light conditions. Leavesin the shade often displayed a
high proportion of spongy parenchyma characterized by
cellsirregularly arranged at the abaxial face, contributing
to the enhancement of their intercellular spaces (Lee
et al. 1990). These spacesrandomly scatter light within
the leaf, increasing the photon pathway and then their
absorption probability (Leeet al. 1990, Vogelmann 1993,

Del uciaet al. 1996). Thus, it ispossiblethat absorption
was enhanced under 1.5% PFD in C. parviflora by
low-light alterations in leaf anatomy maximizing the
effective pathlenght of aradiation beam (Lee & Graham
1986, Vogelmann 1993).

Changes induced by light growth conditions on
G. virgata leaf optical properties were less obvious.
Despite similar values for PAR absorption under high
and low light, G. virgata seemed to be more efficient to
capture light, as demonstrated by higher ratio between
PAR absorption and unit biomass when compared to
C. parviflora (figure 3). This response was attained
by greater variation in specific leaf area, as a result of
their reduced |leaf massunder 40%, 10% and 1.5% PFD.
This species can befound in the understory of the Santa
Genebra forest, where photosynthetically active
radiation values range from 10 to 50 umol m2 st
(Gandolfi 2000). High absorption efficiency may
represent an advantage in an understory environment,
where carbon fixation rates are generally low and
biomass use may be considered crucial (Poorter et al.
1995). In astudy including several speciesfrom sunto
deep shade habitats, Lee & Graham (1986) verified a
striking similarity of leaf optical properties between these
groups, but the shade species were more efficient to
capturelight, dueto differencesin leaf anatomy of shade
species compared to sun species.

The absorptance values measured in this study
(near 80% under 100% PFD) are below valuesreported
by Lee & Graham (1986) for sun-adapted species
(x = 88.6%) and values found by Poorter et al. (1995)
for four tree species with distinct life history patterns.
However, they agree with values measured for plants
adapted to arid environments (Ehleringer 1981). In
seasonal forests, with a well-defined dry season, a
reduced absorptance valuewould benefit to lianaspecies
that predominatein marginal environments, such asthe
edge of forests where they are exposed to high light,
scarcity of water and high vapour pressure deficits.
Souza & VAélio (2003b) also found mean absorptance
values of 76% under full sun for tree species differing
in successional status in the same area of this study. In
thiscase, the dightly higher absorptancevaluesfor lianas
compared to species investigated by Souza & Valio
(2003b) could be, with other physiological attributes, a
support for their competitive growth patternin clearings
and edge gaps. Futher studies of leaf physiology under
contrasting light regimes are necessary to clarify
possible differences between liana and tree species.

Reduction of absorption is generally due to
epidermics modifications. Structures like wax or
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Figures4-9. Scanning electron microscopy showing detailsof Canavalia parviflora Benth. leaf surface. 4. Adaxial face under
full sun. 5. Adaxial faceunder 1.5% RI. 6. Stomatal under abaxial face, full sun. 7. Stomatal under abaxial face, 10% RI; 8. Stomatal
under abaxial face, full sun. 9. Stomatal under abaxial face, 1.5% RI. (RI =relativeirradiance).
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Figures 10-15. Scanning electron microscopy showing details of Gouania virgata Reissk leaf surface. 10. Adaxial face under
full sun. 11. Face adaxial under 1.5% RI. 12. Stomatal under abaxial face, full sun. 13. Stomatal under abaxia face, 10% RI. 14.
Stomatal under abaxial, full sun. 15. Stomatal under abaxial, 1.5% RI. (Rl =relativeirradiance).
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trichomes are associated with higher leaf reflectance
and lower absorptance (Ehleringer 1981). It has been
suggested that in sunny environments, such modifications
helped to limit water loss by lowering the amount of
absorbed light and the consequential heat |oad
(Vogelmann 1993, Poorter et al. 1995). Thereflectance
increasein both speciesin full sun was probably dueto
the presence of a dense layer of cuticle folds in
C. parviflora leaves and to a high density of trichomes
in G. virgata. Moreover, in full sun and 40% PFD,
G. virgata leaves stood erected to reduce light
penetration by 50%. As documented by Gamon &
Pearcy (1989), leaf movements in Vitis californica
Benth. minimized the load of radiation at midday,
maintaining the photosynthetic function. Thus, in
G. virgata, the behavior that would become more subject
to photoinhibitionin full sun, such asreduced chlorophyll
a/b ratio (Araus & Hogan 1994) might be compensated
by greater thickness and changes in leaves orientation.

Changesin pigment composition under contrasting
light conditions, mainly carotenoids and chlorophylls
(a and b), have been reported for a large number of
species (Demmig-Adams et al. 1995, Rosevear et al.
2001). Although the absolutelevel s of carotenoidswere
reduced under full sun, both species exhibited a higher
carotenoid/chlorophyll ratioin full sunthaninthe shade.
Theroleof carotenoidsin higher plants, both asaccessory
light-harvesting pigments (they trap light energy and
transfer it to chlorophyll) and as a protector of the
photosynthetic apparatusfrom light-mediated stresshas
been emphasized (Young 1991). Itislikely that ahigher
carotenoid content helps plants to cope with high
irradiancesthat prevail infull sun. However carotenoids
were significantly higher in 10% and 1.5% PFD,
indicating also their role as an accessory pigment. One
of the most common responses to light conditionsis a
changeinthechlorophyll a/b ratio (Osborneet al. 1994).
Typically, the chlorophyll a/b ratio decreases and the
total amount of chlorophyll associated with the light
harvest proteinsincreasesin responseto low irradiance,
leading to a greater efficiency of light utilization
(Andersonet al. 1988). Inlow irradiances, the structure
of thylakoid changes; increases of thelength of appressed
to non-appressed membranes ratio are consistent with
changes of chlorophyll a/b ratio due to relative
composition of different pigments that compose both
membranes (Anderson et al. 1988). Indeed, most species
grown under low irradiances present a decrease in
chlorophyll a/b ratio (Lee 1988, Cao 2000, Evans &
Poorter 2001). However, lianas were unusual with this
trait; because, they generally exhibited enhancement of

chlorophyll a, b and total (mass basis) under 10% and
1.5% PFD when compared with plants growing in full
sun. Thisincrease was not followed by reductionsinthe
chlorophyll a/b ratio, indicating similar structure of
thylakoid membranes and showing that although
reductionson chlorophyll a/b were acommon response
for agreat number species, it is not universal (Murchie
& Horton 1997). Similarly, Mycelis muralis (L.) Dumort
(Oshorneet al. 1994), a herbaceous and shade-tolerant
species showed constant values of chlorophyll a/b ratio
under contrasting light conditions. Theseresultsindicate
theinability of some speciesto acclimate all components
of the photossynthetic apparatus to light conditions. In
the case of lianas, thelack of adjustment of the chlorophyll
a/b ratio under low irradiance may further impair their
long-term survival inthe understory. Neverthel ess, other
traits like CO, assimilation rate, respiration rates and
leaf structures may be rather more important than
pigment concentration (Leeet al. 1990, Evans & Poorter
2001).

In spite of no ateration inthe chlorophyll a/b ratio,
both species enhanced SLA under low irradiance, with
a higher effect in G. virgata. An increase in SLA has
been positively correlated with lower irradiance (Lee
et al. 2000, Evans & Poorter 2001, Souza & Vdio
2003b). Greater SLA may reflect the occurrence of thin
leaves: Thisisacommon response among tree species
of different successiona groups (Souza& Vélio 2003b).
Increasein SLA ispartialy attributed to size and shape
of mesophyll cells and reduced Calvin cycle enzyme
levels (Bjorkman 1981, Araus & Hogan 1994).
G. virgata was also found in understory environments,
andthehigh SLA observed under shade conditionscould
contribute to produce surfaces for energy capture at
lower metabolic cost (Lee & Graham 1986, Leeet al.
1990).

Finally, both species showed adjustments in their
optical properties, whether by increasing absorptance
or absorptance efficiency. The latter was observed in
shade-tolerant tree species (Poorter et al. 1995, Lee
et al. 2000, Souza & Valio 2003b). Hence, the
predominance of lianas in environments inherent to
pioneer species does not imply that their leaf
physiological attributeswould be similar to these plants.
C. parviflora and G. virgata displayed different
characteristics that would allow them to maintain a
positive carbon balance in a gradient of light regimes.
These morphologica and physiological adjustments may
be considered essential to lianas that experience
pronounced variations in both spectral quantity and
quality during their life histories (Lee & Richards1991).
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