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Photosynthesis and transpiration in Cedrela fissilis Vell
seedlings in relation to light intensity and temperature’—

MARIO TAKAO INQUE*

COMPENDIO

Se somelieron a wn fitotrén plantar de Cedeela fissilis Vell. producidas en
vivers, bajo coudiciones natwrales de Inwminosidad . La capacidad  forosintética y la
nanspiracion fueron determinadai bajo las temperaturas de 150 C, 25 C y 30° C y
bajo las imtensidades luniinosas de 5, 15, 25 y 40 Elax. Se detectaron interacciones
entve los factores ambientales y la actividad fisioldgice del cedro y se demostrd
la existencia de wia cierta nmbrofilia del cedro en estads juvenil basindose en sn
mayor productividad en los niveles ifnferiores de temperatura e intensidad luminosa.

Introdunction

HE Genus Cedrela has a large geographical
,'E distribution in all countries of Tropical Ame-

rica except Chile (18) Practical observations
on the physiological and silvicultural behavior of the
cedar have been carried out since the beginning of
this century (2, 14) Intensive experiments envolv-
ing studies of soils and site conditions (2, 3, 6, 12,
19) and light conditions (1, 4, 5, 9, 17, 19} show
the complexity of the relationship between cedar spe-
cies and the enviromental factors.

1t has been shown (10) that fundamental studies
on the ecophysiological behavior of young plants of
cedar can clarify some important features of its sil-
vicultuse,

This experiment was carried out to study the res-
ponse on photosynthesis and transpiration of young
plants of Cedrela firsilir Vell, to different levels of
light intensity and air temperature.

Materials and methods

The two year old seedling of Cedrela fissilis Vell.,
used in the study, were produced under full daylight
conditions in the nursery of the Experimental Station
of the University of Parand, Curitiba, Brazil (25255,
£9014-"W; 900 m)
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Photosynthesis and transpiration rates were mea-
sured with an IRGA (infrared gas analyser) manu-
factured by WALZ, Western Geemany. The ais flow
to the pgas exchange chamber was 60 Lh' and re-
lative humidity of the air was 60 per cent. The phy-
siological parameters were measured at three tempera-
tures: 157 C, 25* € and 30? C and at four levels of
light intensity: 5, 15, 25 and 40 klux (HG-lamps
GE-H250w-37-5) The final physiclogical parameters
were calcalated in relation to the dry weight of leaves
of the plants. The experiment was conducted with six
replications. Factorial analysis of variance at 0.05 level
of significance was used for the interpretation of the
resalts

Resnlts

The curves of photosynthesis as related to the in-
tensity of light at different temperatures are shown
in Fig 1.

Under a temperature of 157 C the photasynthesis
rate increases rapidly between the levels 5 and 15 klux
of light intensity. After this point the increment of
the curve dicreases unti]l 25 klux and more empha-
sized until 40 klux. At 5 klux the photosynthesis rate
was greater at 15 C than at 25 C and at 30° C

The pgreatest values of photosynthesis were mea-
sured at the temperature of 25° C between 25 klux
and 40 klux

The photozynthesis rate curve at 30 € always runs
parallel to the 25* C cueve, but with smaller values.
The development tendency of these curves indicates
an optimum level of light to the photosynthesis rate
that probably exists above the tested levels.
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Fig L ~—Carver of net photarynihests astociated to light jutensity wnd
tempirature i Cedrela fissidis eld

The photosynthesis rate depends on the light in-
tensity according to the following regression equation.

y = 08185 4+ 11723x — 0.0170x*

The development of this cueve is similar to the
caracteristic curve of the light demanding species: the
curve slowly increases from low to high levels of light
intensity with a culmination point at a very high
level of intensity.

The photosynthetic light saturation point of the
tested material is situated at neacly 35 klox.

The transpiration rates of the cedar leaflets were
measured in relationship to air temperature and light
intensity. The results are shown in Tig. 2

The transpiration rates at 15¢ C were very small
at all levels of light intensity. Therefore they are
not represented in Fig. 2. There was a positive corre-
lation between transpiration and light intensity, at 25¢ C
and 30° C. Between 15 and 40 klux of light inten-
sity, transpiration was always higher at 309 C than
25¢ C. At klux transpiration for both temperature
levels was the same.

The respiration rate was lineatly correlated to
photosynthesis, demonstrated by the following regres-
sion equation:

Y = 02764 + 3 9006x

This means that an increase in the net photosyn-
thesis rate caused by an increase in the light inten-
sity corresponds to an increase in the transpiration
rate.
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Fig. 2.«Curres of the transpiration rate associated 1o light intensity and
temperature in Cedrela [fissilis #7elf

The transpiration efficiency - the ratio between
photosynthesis and transpiration - was determined at
250 C and 30° C temperature The result found at
25¢ C is shown in Fig 3.

Transpiration efficiency at 30° € was strongly
correlated to.the light intensity, At 25¢ C the trans-
piration efficiency increases with an increase in light
intensity until a point near 20 klux, From this point
untill 40 klux the transpiration efficiency decreases
due to two factors:

i) the increment of transpiration has a linear re-
lationship for the whole range of light in.
tensity.

ii} another factor is that the increment of pho-
tosynthesis tends to decrease strongly after 20
klux Therefore there exists no linearity in the
regression curve between the ratio photosyn-
thesis/transpiration and the light intensity at a
higher level of light intensity.
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Fig 3 —Regression curve of itranspivation efficiency in relation 1o light
intensity ¢ a temperatare of 25°C in Cedrela fissilis Pell
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Discrision

The relationship between light conditions in the
forest and the adaptabitity of ecach plant is very im-
portant in the dynamics of forest ecosystems The
demand for light and the compensation point of the
heliophilous pioneer species is lecated higher than the
L;mbzophilous species of the later sucession

The cedars used in the experiment were grown
under daylight conditions and their performance in
the photosynthetic capacity showed their adaptability
to the environmental light conditions The photosyn-
thetic curve demonstrates the high capacity of the
primary praduction of these plants It seems that the
fight saturation of the plants can be found above the
fevel of 4o klux of fight intensity On the other
hand Inoue (10) found that cedar plants growing
in the shade had « higher photosynthesis rate at lower
level of light intensity In his experiment the adap-
tability of the cedar to the environmental light was
confirmed by the analysis of the appareat economic
coefficient (net apparent photosynthesis/dark respira-
tion): at a low level of light intensity the plants
growing in the shade presented a higher coefficent
than those growing in the light. In the same way the
plants growing under light conditions were more “eco-
nomic’” at a high level of illumination

In the present experiment there has been detec-
ted an interaction between light and temperature
At a low intensity of light {5 klux} greater values
of photossynthesis were measured at 15¢ €. While
at the same tempesature with a greater fevel of light,
10 kiux, the photosynthesis rate was lower at the
other higher temperatures, This fact confirms the
observation made by Matthaei (cted by Heath (8)
Katruschenko (11} arrived at similag results with
Picea sp and Hari ef ol (7 with Alwws incava (L)
Moench. On the other hand Wood ¢t al (20) de-
monstrated that Pinws radiaia Don can assimilate more
at 35 € and at very high light intensity. These
examples support the supposition that the dependence
of the photosynthesis on the temperature can reflect
the tolerance of a species. The optimum point of
temperature depends on the light intensity (16). For
the species of the temperate zones this point is si-
tuated at approximately 25¢ C, while for the tropical
evergreens it 15 between 28¢ C and 300 C (13)

Based on these observations it is possible to con-
clude that although Cediels fisrilis is able to adapt
to the tight conditions, it shows an umbrophilous
character when the photosynthesis is measused at tem-
peratures higher than 25¢ C

It is well known that foliar transpiration depends,
beyond the intermal factors, on climatic factors such
as vapour pressure, air humidity and temperature
Within the limits that cause no disturbance, the trans-
piration rate increases with the temperature. In the
present case the cedar seedlings alse demonstrated a
higher rate of transpiration at 30v C than at 25* C or
at 15° C

The ratio assimifation /transpiration can be ten or
more times greater in the morning than in the average
time of a vepetative period (13) The best index
of transpiration efficiency is found at 25¢ ¢ by 15
khix, This perfonmance was influenced more by the
photosynthetic capacity than by the transpiration rate
becauze this parameter was linearly corselated to the
light intensity

Conilusions

Studying the dependence of the photosynthesis and
transpiration rates on temperature and light intensity
in Cedrela fissilis scedlings it is possible to conclude
that:

—- photosynthesis and transpiration rates increase
with an increase in light intensity at the same
temperature;

- at low temperatures the gain of photosynthesis is
greater at lower levels of light intensity, decreas-
ing notably with an increase of light intensity;

— the efficiency of transpiration confirms a certain
umbrophilly of the cedar, that even when grown
under full daylight they demonstrated greater pro-
ductivity at lower levels of light intensity;

— the cedar is physiologically able to adapt to the
environmental lgth condition;

—— at higher temperatures a higher luminosity will be
necessary for maximum productivity

Swanmary

Two years old seedlings of Cedrela fissilis Vell.
growing under full daylight conditions were analysed
in a Fhytotron The photosynthetic capacity and the
trenspiration were determined at 152 €, 23¢ C and
300 C of tempesature and 5, 15, 25 and 40 klux of light
intensity  An interaction was detected between the
environmental conditions and the physiclogical beha-
vior of the cedar. The higher productivity at lower
levels of temperature and  light intensity shows a
certain umbrophiily of the cedar in the juvenil stage

Resnmn

Mudas de Cedrela fissilis Vell. produzidas em vi-
veiro sob condigbes naturais de luminosidade foram
analisadas num fitotron A capacidade fotossintética ¢
a4 transpiracio foram determinadas sob as tempera-
turas de 159 €, 25¢ € e 30° C e sob as intensidades
fuminosas de 5, 15, 25 e 40 klux Foram detecta-
das interacioes entre os factores ambientais nd atividade
fisiologica do cedro. Demonstrou-se & existéncia de
uma certa umbrofilia do cedro no estigio juvenil, ba-
vramlicor ooy oo pyior productividade nos nivels

inferiores de temperatura e intensidade fuminosa
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