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ABSTRACT

Seeds ofCedrela fissilisVellozo were planted and maintained under twoirdistconditions: at east border of a
forest with red: far-red ratio of 1.15 and undernogpy with photosynthetic photon flux density o672 of full
sun radiation and red: far-red ratio of 0.21-0.38eedling growth (height and stem diameter) wagfastder sun,
the development of roots more continuous and timebeu of leaves almost twice of that of shade plarte leaf
area was 10 times greater in sun plants with 159e28lets per leaf while under shade only 5 to 1&fl&ts were
found per leaf. In shade plants, a higher propartaf dry mass was found in aerial parts. Leavesuof plants had
the capacity of gas exchange to respond to hight ligdiation, but leaves adapted to shade preseatdower
response to light changes. When shade plants wamnsferred and maintained under the sun for 15 dap$y the
young leaves were adapted to increased light ramhatreaching the same photosynthetic rate as sant@ while
old leaves were shed. Sun plants transferred talestmnditions did not lose leaves, but did not hetie same
photosynthetic rate attained by shade plants.

Key words: Photosynthesis, seedling morphogenesis, shade

INTRODUCTION The phytochrome is responsible for the perception

of light environment (Smith, 1994). This
The knowledge of physiological processes folphotoreceptor detects a shade inducing changes in
tropical forest species, especially responses ithe metabolism and development (Casal and
light, is important for preservation of plants with S@nchez, 1998). The red:far-red ratio (R:FR) is
economical potential. It is also important in thereduced under dense canopy when compared to
production of young plants for reforestationopen areas. Due to this reduction plants detect
projects. Natural gaps are important for theshade and reflection produced by neighbouring
internal regeneration of tropical forests (Vazquezplants (Ballaré and Casal, 2000). The first
Yanes and Smith, 1982). Differences in lightphotomorphological response to shade (low R:FR)
quality and quantity under forest gaps ands the shoot elongation (Smith, 1994) which is in
canopies have direct effects on seed germinatioseveral cases, accompanied by reduction in
seedling growth and establishment (Marquis et alramification and number of leaves (Rakocevic,
1994).
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1997) and increase in the individual leaf size andetermine the morphological and physiological
petiole length (Gautier et al., 2000). responses of. fissilisseedlings to shade and full
Phenotypic plasticity can be defined as thesun and acclimation of leaves to simulated
capacity of a genotype to produce differeniconditions of radiation under opening and closure
phenotypes adapted to different environmentof gaps of the canopy, by analysis of
(Aphalo et al., 1999). The classic example ophotosynthetic rates of leaves, and by growth
phenotypic plasticity is the dichotomy betweenanalysis.

sun and shade leaves. This difference can be

expressed not only in plants of the same species

growing in different light environment, but also MATERIAL AND METHODS

inside the canopy of the same plant, depending on

the position of the leaf. Leaves positioned at thSeeds ofC. fissilis were collected from trees
low portion of the canopy respond to reducecgrown in Itirapina, S&o Paulo (22° 15’ S, 47° 42’
photosynthetic photon flux density (PPFD) andw). Five seeds each were planted in 180 plastic
R:FR ratio, which affects directly their pots (5I) containing a mixture of clay and humus
development (Richardson et al., 2001). (2:1). Ninety vessels were maintained at the east
The leaf carbon assimilation depends on distinchorder of the forest (sun treatment) and 90 vessels
environmental, physiological and morphologicalunder canopy (shade treatment), in the dense forest
characteristics, as is the leaf ability to intercepuniform park site at UNESP Campus (22° 23’ S,
light, determined by leaf area, geometry (petiole}7° 42’ W). Emerged seedlings were counted daily
inclination  and leaf angle), structure,to calculate germination percentage and
characteristics related to light (absorptiongermination rate. After one month, seeds were
transmittance  and  reflection) and  plantsown in all treatments the seedlings were trimmed
developmental ~ stage.  Considering  lightand only one seedling was maintained in each
environment, the CO2 assimilation is influencecvessel. The vessels were watered daily. The
by changes in PPFD, but not by R:FR raticmorphological parameters analysed every 15 days
(Heraut-Bron et al., 2001) in majority of species. during six months were: seedling height, stem
The R:FR ratio improves the light interceptiondiameter at soil level and number of leaves. Every
area by modifying leaf morphology. Thetwo months, ten seedlings were collected from
photosynthetic properties of leaves change witleach treatment for destructive analysis of leaf area
the PPFD incident on leaf surface (Givnish, 1988)with the aid of a CI-202 Area Meter (QC CID
widely studied linkage (Kull and Kruijt, 1998). Inc.), fresh and dry weight of roots, leaves and
The morphological acclimation of leaves regulatestems and root length. The growth parameters
the light interception by individual leaf of a single analysed were: relative growth rate (RGR)
plant. The PPFD at the level of shade leaf can kcalculated according to Leopold and Kriedemann
up to 20 times lower than the level at the sun lea(1978), RGR=(InW-InW,):(t>-t,); leaf area ratio
and the morphological plasticity of branches cayLAR) LAR=leaf area:dry mass, according to
reduce those differences to light interception up tWareing and Phillips (1970), absolute growth rate
12 times (Planchais and Sinoquet, 1983). (AGR), AGR=(Pt-P0); net assimilatory rate
Cedrela fissilis Vellozo (Meliaceae), known as (NAR), NAR=[(WxW,):(t-t)].[(INA 2-INA,):(A,-
“cedro rosa” in Brazil, is an early secondary,)] according to Hunt (1982); root aerial part ratio
species or a late secondary species. It develo(RAP), RAP=root dry mass:aerial part dry mass;
well inside a primary tropical forest and has higfroot mass ratio (RMR), RMR=root dry mass:total
aggressiveness in secondary forests. It is wideldry mass; stem mass ratio (SMR), SMR=stem dry
distributed in all tropical vegetation, except in themass:total dry mass; leaf mass ratio (LMR),
Cerrado. The tree shed leaves in dry and colLMR=leaf dry mass:total dry mass; leaf mass per
season, and grows to 10 to 25 meters in heigrarea unit (LMA), LMA=leaf dry mass:leaf area
The wood is light, soft and easy to be worked. It ilaccording to Walters and Reich (1996).

an important species in the reforestation progranNet photosynthesis (Pn) of 10 seedlings was
(Carvalho, 1994). YoungC. fissilis plants are measured using a LI-6200 (LI-COR, USA)
found frequently in the border of forest and gapsphotosynthesis system, with four readings for each
which allows the seedlings to receive direct sulleaflet, each of 5 seconds duration. The R:FR ratio
light. The purpose of the present work was tiwas determined by LI-1800 (LI-COR, USA)
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spectroradiometer. During the determination opercentage germination or in germination rate

photosynthesis rate, PPFD and the temperature la¢tween sun and shade plants. Growth of plants

leaf level were measured with the LI-6200. maintained at the forest border, was faster than

The potential of adaptation to different conditionsothers maintained under shade (Fig. 1). This slow

of light at the level of the same leaf was analysedrowth was probably caused by diminished PPFD

by measuring photosynthesis in ten sun and shaded spectral alteration. In sun treatment PPFD and

plants in three settings: 1/ natural environmenR:FR ratio were 23.9-649ufhol.m?s* and 1.15-

during the morning and afternoon, 2/ in a glasd.27, respectively. Under canopy the PPFD

house with neutral shade for determination ohttained 1.8 - 2.34mol.m?s* and R:FR ratio of

photosynthesis rate at limited conditions and 3/ a.21-0.36 (Table 1).

noon, on the open area, at unlimited conditions ofhirty day-old seedlings presented a lower stem

light. height under sun than in the shade, due to

The potential of adaptation to disturbed conditiongtiolation of shade plants (Fig. 1A). Later, stem

at simulated gap opening and gap closure werglongation of sun plants was very fast, and after 90

determined by maintaining ten sun plants undeglays, the height attained was statistically different

canopy shade and ten shade plants in sufom that of shade plants. The difference in
conditions. After 15 days, the photosynthesis rateslongation rate was maintained until the end of the

PPFD at leaf level and morphological parametergxperiment (Fig. 1A). Stem diameter of sun plants

were determined. Leaf chlorophyll content waswas statistically greater, even after 30 days (Fig.

determined in five 11 cm diameter leaf discsiB) attaining a diameter of 1.8 to 16mm after 225

extracted with 80% acetone with CagC(Arnon, days, compared to shade plants (average 1 to

1949). After centrifugation (2000xg, 5 minutes)3.5mm). The number of leaves of sun plants was,

the final volume of supernatant adjusted to 20mbn average, twice of shade plants (Fig. 1C), while

and the Assym and Asm were determined in a the leaf area was ten times greater.

FEMTO  spectrophotometer  (Brazil)  for Dry mass of hypocotyls was lower in shade-grown

determination of chlorophyll a, b and totalplants (Table 2). Generally, the biomass produced

contents. The results were analysed by Studengy shade plants was lower.

Newman-Keuls One Way ANOVA tests. The shade plants started root development
between 60 to 90 days of experiment (Fig. 1D)
while under full sun increase in root length was

RESULTS constant until the end of experiment.

All seeds started to emerge fifteen days from
sowing and no difference was observed either in

Table 1 - Average values of PPFOuthol.m?.s%) and R:FR ratio in environment where photosynthésis been
measured.

Sun Shade Greenhouse

PPFD R: FR PPFD R: FR PPFD R: FR
Morning 395.6 1.25 2.24 0.21
Midday 649.7 1.27 1.41 0.14 116.0 1.32
Afternoon 23.9 1.15 1.8 0.36
Natural conditions, daily average, day = PPFD ts.e. Air (C) ts.e. Leaf{C) z*s.e.
with sun and clouds
Sun plants 621.70 116.43 31.07 0.34 31.91 0.55
Shade plants 9.21 2.35 29.04 0.15 28.92 0.15
Greenhouse
Sun plants 174.11 8.61 24.20 0.15 24.00 0.17
Shade plants 177.68 8.31 25.91 0.09 25.67 0.10
Midday, a day with sun and clouds
Sun plants 941.05 41.79 27.77 0.13 28.71 0.17
Shade plants 890.71 32.45 28.76 0.21 29.64 0.29
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Figure 1 - Values of growth averages for young plant€efirela fissilismaintained for 225 days in a
shade and under sun: A) height; B) stem diametesodrheight; C) number of leaves and

D) root length. The vertical bars indicatestandard error of mean?{} sun plants and {-)
shade plants.

Table 2 - Dry mass per compartments: cotyledon, leaf, root stem ofCedrela fissilis.The small letters indicate
the comparison between averages in sun and sheatmants, and capital letters between light treatsngnd age.
Dry mass (mg)

Age cotyledon leaf stem root
(days)
shade sun shade sun shade sun shade sun
30 15.6 aA 19.8aB 1.3cE 6.0 dE 7.0 cE 10.2 dD 3.7dF 6.8 dE
90 21.9aA 155DbA 26.5 bD 4546 cC 129bD 153.4 cC 7.1cE 202.0cC
150 8.4 bC - 358.7 aC 5008.6 bB 89.9aC 1838.3bB 71.8bD 2691.8 bB
210 - - 626.9 aC 12499.4 aA 228.8aC 8118.2aA 198.3 aC 8118.2 aA
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RGR decreased in sun plants against time. Imodification (Fig. 2B and Table 2). NAR, which
shade plants, RGR increased betweeff 80d represented the net efficiency of plants in dry mass
150" day, and decreased between™a@d 228  production, was greater in sun plants, related to
day (Fig. 2A). The increase of RGR in shaddncrease of leaf mass (Fig. 2C). NAR as the
plants for the period between™@nd 158 day, physiological leaf performance parameter, showed
could be explained by the presence of cotyledonsno significant oscillation in time for both sun and
NAR was constant for sun and shade plantshade plants.

although lower under shade than under full sun

(Fig. 2C). After 150 days showed practically no
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Figure 2 - Growth rates in relation to dry massQ@¢drela fissilisyoung plants maintained under sut)(-
and under shade of canopy-f- A) Relative growth rate (RGR), B) Absolute gith rate
(AGR) and C) Net assimilation rate (NAR). The sniatiters indicate the comparison between
averages in “sun” and “shade” treatments, and alfstters indicates comparison between
treatments.
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Figure 3 - Growth rates in relation to dry massG@ddrela fissilisyoung plants maintained under sut)(-
and under shade of canopy-}- A) Root:aerial part ratio (RAP); B) Ratio ofalearea (LAR)
and C) Specific leaf area (SLA). The small letiadicate the comparison between averages in
“sun” and “shade” treatments, and capital lettadidates comparison between treatments.

Sun plants AGR increased during the growingshade plants developed physiological adaptations
period, while shade plants AGR was almost low(Figs. 4A and 4B) for maintenance of plant
and constant (Fig. 2B). The shade plants had a logtructure. Under natural conditions (Table 1)
RAP (Fig. 3A), indicating that those plantsleaves of shade plants showed the net
allocated relatively more of biomass to aerial parphotosynthetic rate (Pn) QsF0lCO,.m2.s* (Fig.

than to roots. Also, they developed thin leavegiA) on 2.5-5pmol.m%s* PPFD (Table 1, PPFD
with low SLA (Fig. 3C), with high LAR (Fig. 3B) value of 9.2limol.m%s® was measured at leaf
and invested greater portion of total dry mass ifevel). Response comparison of the same leaves of
leaf dry mass compared to plants grown in th@hade plants exposed to sun radiation inside
forest border. Analysis of biomass a”ocationgreenhouse and under midday sun, showed a
showed that after the 90-day period a highefestricted gas exchange (Fig. 4A). On the other
portion of carbon was invested into leaves, mainlyand, leaves of sun plants had the ability to
in shade plants (Table 3). respond to high light radiation, attaining a Pn of
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18.5umolCO,.m%s' (average value was under full sun. They even did not attain the
11.35umolCO,.m2.s%, Fig. 4A). response of shade plants, showing a significant
In shade plants, only the young leaves showe#0% reduction in Pn when compared to shade
adaptation to increased radiation; the otherplants (Fig. 4C). Chlorophyll (Chl) a and b content
became senescent during the 15-day period @hd Chl a:b ratio, calculated on a leaf area basis,
changed light environment. Therefore, youngvere not statistically different, although they
leaves rapidly reached the full capacity of plants Sshowed a tendency to be higher in sun plants than
grow in forest border (Fig. 4C). On the other handin shade plants (Fig. 4D).

sun plants transferred to canopy shade did not los€af area increased constantly ten times more in
their leaves so rapidly. But they also becaméun plants until 210day (Fig. 4C). When at 210
yellowish and the photosynthetic response wagay plants alternated light environment, the AF
five times lower than that of plants maintainedreduction occurred at 2£€25"-day period.
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Figure 4 - Morphological, biochemical and physiologicalatgnships in young plants Gfedrela fissilis
A) Net photosynthesis rate (Pn) of plants of experit 1 — modifications of daily climate; B)
Net photosynthesis rate (Pn) of plants of experin?enl5 days after the modification of light
conditions C) Leaf area (--- sun plants dndshade plants) D) Chlorophyll (Chl) content of
plants with 15 days after the modification of ligtinditions. The vertical bars indicate
standard error of mean.- Sun plant anf - shade pIanD chlaN Chl b and’ Chl a:b.
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Figure 5 - Number of leaflet per leaf of young plantsGddrela fissilis The leaves are represented by the
sequence opposite on appearance on stems (letid ysungest). The vertical bars indicate
standard error of mear.-sun and - shade plants- shade plants maintained for 15 days
under full sun and#- sun plants maintained for 15 days under shade.

Table 3 - Stem mass ratio (SMR), root mass ratio (RMR) l@ad mass ratio (LMR), calculated in relation oy d
mass every 60 days. The small letters indicatectimeparison between averages in sun and shade ¢meatnand
capital letters between light treatments and age.

Age SMR (g.g%) RMR (g. g% LMR (9.9

(days) Shade sun shade sun shade sun
30 0.26 aA 0.24 aB 0.14 aD 0.16 cD 0.05dH 0G4
90 0.23 bB 0.16 aBC 0.12 ab 0.24 bC 0.40 cF aGs5
150 0.14 cC 0.20 aB 0.14 aD 0.27 bB 0.65 aA 0653
210 0.23 bB 0.21 aB 0.17 aD 0.31 aA 0.60 bB [00):58]

Young leaves modified on new light conditions,DISCUSSION

increasing the number of leaflets when transferred

to sun (Fig. 5) and, producing a sun plantshe light conditions folC. fissiliswere similar to

structure. Mature leaves consisted of 15-25 leaflethose measured in Santa Genebra forest, Campinas

in sun plants, while in shade plants the averageéistrict, Brazil, where R:FR ratio of 0.4-0.74 was

was 5-10. observed, and attained 1.22-1.44 in open area

When plants were transferred from sun to shad¢Souza and Valio, 1999). Growth of the tropical

defoliation was not marked and the modificationshrub Psychotria aubletiana (Rubiaceae) is

of plants occurred in new leaves by decreasing thgffected by habitat (Amézquita, 1998). In gaps and

leaf number, number of leaflets per leaf (Fig. Sborders of forest the relative growth of this speci

and Pn (Fig. 4D). is higher than that one under the canofy.
odoratg was considered as a species dependent on
light in rain forests, and the gaps positively
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influenced its growth only during the wet seasornThe underground growth @. fissilismeasured by
(Gerhardt, 1996). root development and root mass evolution (Fig.
The stem elongation of 30-days-old seedlings (FigLlD and Table 2) occurred in the similar trend as in
1A) and low dry mass of shad€. fissilis C. odorata (Poorter and Hayahida-Oliver, 2000).
hypocotyls (Table 2) indicated a typical The higher length of root occurred in sun grown
photomorphogenetic response to low R:FR ratigplants suggesting that it explored a larger areh an
where probably only cell elongation occurreddepth of soil for humidity and nutrients,
without cell division. Kitagima (1994) noted the guaranteeing its possible survival during dry
same response inOchroma Ceiba and season compared to the less developed root system
Pseudobombaxand gave the conclusion that itunder shade.

was the unique response to low R:FR ratio in th&he RGR ofC. fissilis (0.011-0.48) stayed in the
low canopy level. The modification in elongationinterval of RGR determined for tropical species
response ofC. fissilis sun plants showed the (0.03-0.089) reported by Paulit al. (1993).C.
similarities with C. odorata whose seedlings in fissilis showed increasing RGR values between
canopy gaps were taller than under the fore0" and 158 days (Fig. 2A). Similar effect of
canopy (Poorter and Hayahida-Oliver, 2000). In datter reduction of RGR was noted in young plants
study of effect of the light environment on youngof Cedrelinga catenaeformiswhere RGR was
plants of C. odorata Diosporus digynaand even reduced in all light treatments (0, 30, 50 and
Pouteria sapotain primary and secondary forest 70% shading) during an initial period of 30-90
and pasture (Ricker et al., 200@), odoratagrow  days. Thereafter during 90-120 days, RGR
fastest in gaps, and the highest growth occurreidcreased specially in plants grown under the 50
when they were in gaps of up to 78% of canopwnd 70% of shading (Farias et al., 1997).
openness, confirming the light dependence fofhe pioneer speciesécropia pachystachyand
growth of the species. In advanced growth, sterBchizolobium parahyba invested the carbon
elongation ofC. fissilis (Fig. 1A) was limited by preferentially in aerial growth than in roots under
light resource availability (Table 1). sun, while the shade tolerant specibb/roxylon
Faster growth in stem diameter of sun comparingeruiferum and Hymenaea courbail reduced

to shade plants (Fig. 1B) produced more vigorouproportionally the investment in aerial growth,
plants. The stem diameter @froton urucurana investing more in other compartments, for their
(pioneer  species), Peltophorum  dubiumm maintenance under the shade (Souza and Valio,
Lonchocarpus muehlbergianugarly secondary 1999). Considering that the shade plantsCof
species), Tabebuia impetiginosaand Genipa fissilis after 150 days showed practically zero
americana(climax species) was higher under fullgrowth (Fig. 2B) and that the carbon is invested
sun and under 40% of artificial shade, than irpreferentially in leaves, the growth analyses lead
natural shade (Moraes Neto et al., 2000). In th& its classification as relative shade intolerance
same experiment, the height of pioneer speciasharacteristics. Also, shade tolerant species
was similar under both light treatments; secondargllocate more resources for leaf production, with
species and Tabebuia impetiginosa(climax) higher LMR and RAP and relatively low root mass
elongated the stem better under full sun and gAgyeman et al., 1999). This is the phenotypic
40% shade. response of species adapted to shade (Kitagima,
The number of leaves and leaflets under full sui994), due to the increased photosynthetic rate in
was, on average, twice that of shade plants (Figelation to respiration on whole plant level,
1C). Some other tropical species showed theontributing to maintenance of positive carbon
similar response, as (0. odorata which increased balance and maximizing growth under shade.
twice the number of leaves growing in gaps whefhe NAR determines the total plant growth, and it
compared to shade grown plants (Pooter and coherent with estimations of energy system
Hayahida-Oliver, 2000). The leaf area in shadeonservation in secondary forests (Ackerly, 1996).
plants was restricted up to ten times in yound@herefore, LMA always increases to compensate
plants ofC. fissilis(Fig. 4B), that was common to the low radiation level, and RGR is less sensitive
many others species of tropical forests, athan NAR to reduction in radiation. NAR and
Psychotria aubletiana (Amérzquita, 1998), and RGR were lower under shade i6. fissilis,

for species differing in successional status (Souzaerformance that generally characterized shade
and Valio, 2003). plants (Souza and Valio, 2003).
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Under shade condition€.. fissilisshowed positive and Coley, 1999) was different. Both species
net photosynthesis even under a radiation leveshowed photoinhibition, when shade leaves were
equal to light compensation point of the majoritytransferred to full sun. After 17 days the species
of plants, showing a strategy of shade adaptedith the shorter leaf life span Hybanthus
species (Pastenes et al.,, 2003). Plants grown prunifolius) lost all leaves. This species has the
forest and exposed to sun radiation insiddigh degree of plasticity, compensating the initial
greenhouse and under midday sun, showed dxop in leaf area by increase in the photosynthetic
restricted Pn compared to sun plants (Fig. 4Ajate. The plants were well developed, with new
probably due to the photoinhibition in order of fewstructure, after three months under sunligbt.
hours (Karim et al., 2003). On the other handfissilis showed a similar tendency in
leaves ofC. fissilissunny plants had the ability to morphological and physiological responses.
respond to strong light. Considering that the adaptation occurs on still
Low photosynthetic rate ofC. fissilis shade developed modules and on those to be developed
seedlings (Fig. 4A), which maintained the slow(Strauss-Debendetti and Bazzaz, 1991), the
developed plant leaf structure (Fig. 4B), reduceghysiological plasticity ofC. fissilis leaves could
RAP (Table 3) and RAP (Fig. 3A), indicate thatincrease its morphological and physiological
they allocated relatively more of biomass to aeriaadaptation in canopy gaps (Fig. 5).

part than to roots. Generally, plants under th€edrela fissilisis a species with the capacity for
shade invest more in leaves, to optimize lightdaptation to different light conditions. It
interception (Kasperbauer and Karlen, 1994). Thgerminates under both light and shade conditions,
paradigm of optimization has faced severdut grows very slowly under shade, waiting for the
criticism, due to its tendency to isolate oneopening of gaps in forest canopy to increase the
individual character of an organism integrated toate of development. The physiological plasticity
light environment (Valladares and Pearcy, 2000)of C. fissilis is less conservative than its
Investment in leaves for better light interceptionmorphological plasticity, considering the fast
competes with a water uptake function (Rajcaradaptation of gas exchange to relatively rapid
and Swanton, 2001). Usually, leaves developedhange in radiation (one day scale). On the other
under reduced light quantity, present higher totahand, plants transferred from shade to sun, lbst al
Chl content than leaves under full sun (Ribaskitheir old leaves during a 15 day-period, not
2000). This outcome appears because Chl jsreserving the previous morphology, but adapting
constantly synthesized and decomposed undgoung leaves to the new conditions, both in
light. When submitted to a high light flux the ratemorphology and in net photosynthesis rate. When
of decomposition still is higher (Kramer andtransferred to shade, sun plants did not lose the
Kozlowski, 1979). InC. fissilis where similar leaves. But they did not attain the photosynthetic
content of Chl was observed in sun and shadesponse of plants maintained in shade, which
plants (Fig. 4D), the Chl content did not changexplained the preservation of a large leaf area to
under modified light microclimatic conditions in compensate the low Pn. Inoue (1980) reported that
adaptation of photosynthetic apparatus from sun 6. fissilis presented the ability to acclimatize to
shade, (Fig. 4D), for the maintenance of Pn (Fidight and that at high temperature, high light
4B) above the light compensation point.irradiance was necessary for maximum
Moreover, when of sun plants were shaded, thproductivity and althougltC. fissilis was able to
content of Chl b increased and the Chl a:b ratiadapt to different light conditions, it showed an
decreased (Fig. 4D), but no significant differencaumbrophilous character.

was detected under tested conditions (Fig. 4DYur results show thag. fissilisgrown at different
Concentration of pigments calculated on a freshlight conditions has the ability of physiological
weight basis in mahogany an@oumarouna adaptation in the short-term scale run, and changes
odorataleaves, was highest in shade grown plantsts morphology in the long run.

but when calculated on a leaf area basis were

similar (Gongalves et al., 2001) in trees grown

under shade and full sun as reported her€.in RESUMO

fissilis.

The acclimation of two shrub species tolerant taCedrela fissilisfoi semeada e mantida em dois
shade, with a life span of 2 and 5 years, (Kursasmbientes de luz: na margem leste (tratamento sol
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- razdo vermelho: vermelho extremo da radiagdéphalo, P. J.; Ballare, C. L. and Scopel, A. L.490
solar direta foi 1,15) e sob dossel de floresta Plant - plant signaling, the shade avoidance respon
(tratamento sombra - radiacéo fotossinteticamente@nd competition.Journal of Experimental Botany
ativa reduzida de 0.22 a 7% da radiagéo direta 340 1629-1634. o

razdo vermelho:vermelho extremo de 0,21 a 0,36) oM D. 1. (1949), Copper enzymes in isolated

. N chloroplast polyphenoloxidases iBeta vulgaris
O crescimento em altura e diametro do caule nop,_ Physiology24, 1-15.

sol _foi mais ré_pido, 0 de§envolvimento do sis_,tem@a"aré’ C. L. and Casal, J. J. (2000), Light signa
radicular continua, o ndmero de folhas foi em perceived by crop and weed plan&eld Crops
média o dobro das de sombra, quanto a area folialResearch67, 149-160.

foi 10 vezes maior em plantas de sol com 15-2Barvalho, P. E. R. (1994)Espécies Florestais
foliolos por folha, enquanto as plantas da sombraBrasileiras: Recomendacdes Silviculturais
desenvolveram de 5 a 10. Nas plantas de sombraPotencialidades e uso da madeir@olombo, PR:

as maiores proporcdes de matéria seca foramEMBRAPA, CNPF.

investidas em parte aérea. A capacidade de trof&sa! J- J- and Sanchez R. A. (1998), Phytochrames

eed germinatiarSeed Science Resear8h317-329.
de gases das plantas da sombra expostas II—:'aarias, C. C.V,; Varela, P. V.; Costa, S. S. anthBa,

radiagdo alta ndo aumentou. Quando p"'?‘”tas deP. V. L. (1997), Analise do crescimento de mudas de
sombra foram transferidas ao sol e mantidas por aqrorana Cedrelinga  catenaeformis (Ducke)

15 dias, apenas as folhas jovens se adaptaram ag,itivadas em condigdes de viveiroRevista
condicdes de radiacdo aumentada, atingindo aBrasileira de Sementg$9,193-200.

capacidade de resposta das folhas das plantas @Gsutier, H.; Mech, P.; Prusinkiewicz, P. and Varlet
sol, enquanto as folhas mais velhas cairam. AsGrancher, C. (2000), 3D Architectural modeling of
plantas de sol transferidas para a sombra n&oaerial photomorphogenesis in  White Clover
perderam as folhas, mas nao atingiram a respostdrifolium repensL.) using L-systemsAnnals of

das plantas de sombra. Botany 85, 359-370. ”
Gerhardt, K. (1996), Effects of root competitiondan

canopy openness on survival and growth of tree
seedlings in a tropical seasonal dry ford3brest
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