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Abstract
The aim of this investigation was to determine the photosynthetic capacity of five genotypes at 15-months-old
plantation of Gmelina arborea. A clonal trial was conducted, taking one individual (ramet) at random from each
of five clones at each of five blocks, for a total of 25 trees assessed. The study focused on clonal response to the
light curve, and their performance in terms of gas exchange. No statistically significant differences were recorded
between genotypes investigated for any of the parameters obtained from the light response curves. At the species
level, maximum photosynthetic rate at light saturation (Anmax) averaged 25.23 mol µmol CO2 m-2s-1 and light
saturation point (LSP) recorded average was 1499.95 µmol CO2 m-2s-1.Clone 5 showed the highest values for
Anmax and LSP (19% and 41% above the overall average respectively), becoming the most effective in terms of
photosynthetic capacity from the five clones evaluated in the field. No statistically significant differences between
clones for any of the gas exchange parameters obtained were detected.
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Resumen
El objetivo de la investigación fue determinar la capacidad fotosintética de cinco genotipos en una plantación de
15 meses de edad de Gmelina arborea. Se utilizó un ensayo clonal del cual se tomó un individuo al azar de cada
uno de los cinco clones en cada uno de ls cinco bloques, para un total de 25 árboles evaluados. El estudio se
enfocó en la respuesta a la curva de la luz de los clones y su desempeño en términos del intercambio de gases. No
se registraron diferencias estadísticas entre los clones evaluados para ninguno de los parámetros obtenidos de
las curvas de luz. A nivel de la especie, la tasa máxima fotosintética a saturación de luz (Anmax) promedio fue
25.23 mol µmol CO2 m-2s-1 y el punto de saturación de luz (LSP) promedio registrado fue 1499.95 µmol CO2 m-2s1
, el clon 5 mostró los valores más deseablesparaAnmaxy LSP (19% y 41% sobre el promedio general
respectivamente), convirtiéndose en el más efectivo en términos de capacidad fotosintética para los cinco clones
evaluados en campo. No se registraron diferencias estadísticas entre clones para ninguno de los parámetros de
intercambio de gases.

Palabras Clave: Gmelina arborea, capacidad fotosintética, clones, plantación
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Introduction
Latin America is emerging as a leader in forest plantations, having more than 12 million hectares planted for
industrial use with projections to reach 17 million hectares in 2020 (Flores 2011). Despite this boom, a very
important amount, yet not documented, of these plantations have not obtained the expected productivity. The
main causes are associated with inappropriate site selection, use of a poor planting material and lack of
appropriate silvicultural programs that integrate scientific information such as essential disciplines of genetics and
tree physiology (Pérez and Kanninen 2005). Similarly the establishment period in the field is a critical period,
during which time trees implement strategies to adapt to the soil and climatic conditions of the site. In this first
stage changes occur in both the morphological and physiological characteristics which directly influence growth
rates (Cornelissen et al. 1996, cited by Araque et al. 2009).
The study of physiological characters must be a priority due to its relation to genotype and productivity in forest
plantations (Dickman 1991, Martin et al. 2005, Huang et al. 2006, Aspinwall et al. 2011). Physiological processes
are directly involved in tree growth and, consequently, the productivity of a plantation, being the most relevant
the photosynthesis process associated with growth (Flood et al. 2011). Studies of the photosynthetic rate, along
with other gas exchange parameters are significant as an early selection criterion (Lapido et al. 1984, Kundu &
Tigerstedt 1998, cited by Flores 2012). Others such as stomatal conductance, is a parameter associated with the
level of stomatal opening (López et al. 2007) and regulates to some extent the photosynthetic process as it relates
to perspiration, which when excessive causes significant reductions in productivity (Azcón et al. 2000).
Chlorophyll content has been the subject of several studies that relate its levels to net photosynthesis, finding
some conflicting opinions (Buttery &Buzzell 1977, quoted by Flores 2012), citing the chlorophyll content of
Gmelina arborea also depends on the age (Rojas et al. 2012).
Investigations on tree physiology must generate practical information that fits breeding programs, helping to
increase growth of plants, mainly by selecting more efficient genotypes in terms of physiological processes in a
given environment (Pallardy 2008, Pepper et al. 2012). However, at present, the research has been done with
plants under controlled environmental conditions without adequate field calibration, which can lead to a waste of
time and resources, since in most cases the results cannot be extrapolated to describe natural environments (ElSharkawy 2006). Despite the usefulness of physiology in forestry production there are very few studies on
superior genotypes for plantations, as in the case of new improved materials of Gmelina arborea and other
species (Araque et al, 2009, Lopez et al. 2001). The only investigations recorded in Latin America are conducted
by Flores (2012) and Rojas et al. (2012) both in Colombia. Early growth and physiological characteristics must be
investigated to predict the development of genetic material in the field. Gmelina arborea Roxb. is an important
timber tree of the family Lamiaceae (Kok 2012). It has become of great importance in many tropical areas around
the world, as an option to ensure supply of raw material for the forest industry (Balcorta& Vargas 2004, Kumar
2007, Adebisi et al. 2011, Wee et al. 2012). Its importance lies in the rapid initial growth (Adebisi et al. 2011),
and that it can easily adapt to a variety of site conditions, and a variety of uses (Indira 2006) providing producers
and / or investors a quick return on their investment (Wee et al. 2012).
The aim of this investigation was to determine the photosynthetic capacity of five genotypes of Gmelina arborea
at 15 months of age plantation, in order to improve the selection process of genotypes able to adapt to various
adverse conditions without adverse effect on growth rate or biomass production.

Materials and Methods
Study area and Experimental Material
The present study was carried out at a clonal trial of Gmelina arborea, located in the community of Monterrey,
Puerto Jiménez district, Golfitocounty, Province of Puntarenas, Costa Rica south Pacific region (N 83.39655° W
8.57701°). The study area has an average annual rainfall of 3500-4000 mm, mean annual temperature of 24-28°C
(Kappelle et al. 2002) with an altitude of 20 meters. The region is classified as premontane wet forest transition to
Basal (Holdridge 1967). The evaluated trees came from a clonal trial established by INISEFOR-UNA in
September, 2011, under an experimental design of randomized complete blocks. Six individuals per clone in pairs
were established on each block, ie three pairs of each clone per each block and repeated in six blocks. The
location of the clonal trial and the distribution of the clones on each block are presented in figure 1 and figure 2
respectively. For the present study an individual ramet per each of the five genotypes, at each of the 5 blocks were
evaluated, for a total of 25 trees.
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Figure 1.View of the Spatial Location of INISEFOR-UNA Gmelina Arborea Clonal Trial, South Pacific of
Costa Rica

Source: INISEFOR - UNA
Figure 2: Schematics of Gmelina Arborea Clonal trial in the Field, South Pacific of Costa Rica

Source: INISEFOR - UNA
Measuring Physiological Parameters
Physiological parameters of Gmelina arborea for five genotypes at 15 months of age were obtained. This research
encompassed both the to the light response curve of the clones as well as their performance in terms of gas
exchange. Response Curve Light ( -PPFD). The average CO2 used with the equipment, to obtain photosynthetic
variables was 360 ppm ± 16.05 ppm with an air temperature of 30 ℃ within the cuvette, as these are the average
conditions recorded at crown level during fieldwork days.
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Measurements were made on fully developed, expanded and illuminated leaves, located at the top of the crwon
(Blake &Bevilacqua 1990, Evans &Poorter 2001, Huang et al. 2006, Tharakan et al. 2008), where the young and
highly photosynthetically active leaves are located (Herbohn et al. 2009). The third pair of levaeswityh no
apparent damage on the blade were used for evaluations (Tharakan et al. 2008). A total of 17 levels of
photosynthetic photon flux density incident (0, 50, 100, 150, 200, 250, 300, 350, 400, 600, 800, 1000, 1200, 1400,
1600, 1800, 2000 µmol photons m-2s-1) were evaluated, starting at 0 and increasing the intensity gradually until
2000 µmol photons m-2s-1. Five trees were evaluated for each clone. Data were fitted using the formula of the nonrectangular hyperbola (Thornley 1976, Marshall & Biscoe 1980,Pasian&Lieth1990, Flores 2012) shown below:
F (PPFD, Φ,A

,R ) :

) − 4ΦPPFDA
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where A is the net photosynthetic rate, Φ is the quantum yield of photosynthesis, PPFD is the density of
photosynthetic photon flux, A
is the maximum photosynthetic rate at light saturation, R is mitochondrial
respiration rate and θ is a parameter describing the convexity of the curve (Leverenz1988, Zufferey et al. 2000,
Flores 2012). LSP is the point of light saturation and was calculated using the equation proposed by Lieth and
Pasian (1990):
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Gas Exchange
These measurements were performed on a clear day (Rojas et al. 2012) with an air temperature of 30 ℃ in the
cuvette. Evaluation of gas exchange was performed using an infrared gas analyzer open type (CIRAS-2, PP
Systems, USA) with a PLC6 (U) cuvette at a 360 ppm ± 8.83 ppm CO2 concentration, and fixed light intensity of
1000 ± 4.57 µmol photons m-2 s-1, with the main objective to prevent photo inhibition (Evans and Poorter 2001).
The obtained physiological variables were: net photosynthesis (An= µmol CO2 m-2s-1), stomatal conductance (Gs=
mmol H2O m-2 s-1), transpiration (E = µmol H2O m-2 s-1) and water use efficiency = (µmol H2O m-2 s-1). The
measurements were performed in a fully expanded leaf of the third pair from a branch located in the top tier of the
crown (Evans &Poorter 2001, Rojas et al. 2012), evaluating five trees per genotype.
Statistical Analysis
The analysis was performed using InfoStat® (2012) statistical software. Physiological gas exchange data, after
verification of parametric statistics assumptions were analyzed by an analysis of variance, and a comparison of
means by Tukey test (p <0.05).

Results and Discussion
Light Response curve ( -PPFD)
The curve of daily PPFD represents the average of 10 days of measurement. It was used for making decisions
about which densities to use for the development of the light curves. The highest density of photosynthetic flow
occurred between 11 am and 12 noon. Curves were constructed from 0 to 2000 µmol m-2 s-1, given a restriction by
the measuring equipment. The daily course of photosynthetic flux density (PPFD) is shown for the site where the
test clones where the experimental material is located (Figure 3).
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Figure 3: Average Daily Pattern of Photosynthetic Flux Density (PPFD) at the Site of Gmelina Arborea
Clonal Assay INISEFOR-UNA, in Puerto Jimenez, Costa Rica Southern Pacific
In figure 4, curves of CO2 assimilation as a function of incident photon flux density for five genotypes of Gmelina
arborea (clones 1, 2, 5, 6 and 12) in a plantation at 15 months of age (Figure 4) are presented. Such curves help to
determine which clones exhibit greater plasticity in terms of their physiological behavior (Dickman 1991), which
allow them to successfully survive and compete in different environmental conditions (Corcuera et al. 2005).
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Figure 4: Photosynthetic Response Curve (An) to Photosynthetic Photon Flux Density (PPFD) for Five
Clones of Gmelina Arborea in a 15-Months-Old Plantation
A very similar behavior among curves of the five clones investigated was found, and the convexity values of the
curves (Θ) showed no statistically significant differences, with a variation ranging from 0.31 and 0.87 (Error!
Reference source not found.). The not so slope on the curve that occurred at the beginning of each curve
coincides with the typical pattern of species acclimated to environments with high rates of incident photon flux,
which denotes conditioning and utilization of photosynthetic flux density. From the light response curves values
physiological traits for the five genotypes evaluated in field to 15 months of age (Table 1) are obtained.
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Table 1: Physiological Parameters Estimated From Light Response Curves in Five Gmelina Arborea Clones
in a 15-Months-Old Plantation
CLONE

1
2
5
6
12
Average

Respiration
(Rd)
µmol m-2 s-1
-1.6993
a
-1.6817
a
-2.1247
a
-1.5197
a
-1.7688
a
-1.7589

Quantum yield
(Φ)

-3%
-4%
21%
-14%
1%

mol/mol
0.0300
0.0360
0.0328
0.0399
0.0421
0.0362

a
a
a
a
a

-17%
-1%
-9%
10%
17%

Maximumphotosynthesis Light
(Amax)
Saturationpoint
(LSP)
µmol CO2 m-2 s-1
µmol m-2 s-1
26.08
1684.58
a 3%
a 12%
22.36
1375.11
a -11%
a -8%
30.08
a 19%
2110.26
a 41%
24.31
1171.52
a -4%
a -22%
23.32
1158.26
a -8%
a -23%
25.23
1499.95

Means with a common letter are not significantly different (p> 0.05)
Percentage values represent its difference in reference to average value
No statistically significant differences were found among the investigated genotypes in any of the traits evaluated.
The values recorded were over a range of 0.030 to 0.042 for the clones investigated. The recorded value by clone
12 was 17% higher than the average (0.0362) and 40% higher compared to the lowest (clone 1). These values are
higher than those reported by Nogués and Baker (1995) and Tambussi and Graciano (2010), cited by Flores
(2012), for C3 plants not subjected to water stress, who reported values from 0.025 to 0.030 µmol m-2 s-1.
However, plants can modify their patterns of quantum yield, significantly increasing its level in stressful
situations, on a process known as compensatory photosynthesis (Retuerto et al. 2003). The maximum
photosynthetic rate at light saturation (Anmax) showed a variation between 22.36 µmol CO2 m-2 s-1 for clone 2 and
30 µmol CO2 m-2 s-1 in clone 5, with an average of 25.23 µmol CO2 m-2 s-1. Clone 5 had the highest maximum
photosynthesis, stomatal limitations have lower suggesting for gas exchange; while clone 2 had the lowest
Anmaxwith a range of variation of 34.5% between them. The results of this study that reported by Gliessman
(2002), cited by Flores (2012), who points out that C3 plants tend to have their maximum photosynthetic rates
under moderate conditions of light and temperature, and inhibition pattern are opposed to high rates of lighting
and heat.
Araque et al. (2009) determined the ecophysiological characteristics of four species, Cedrelaodorata which
recorded the largest Anmax with a value of 11.7 µmol CO2 m-2 s-1, also recording the highest growth yields. Lopez
et al. (2001) evaluated the photosynthetic rate of five forest plantation species, recording values from 6.1 µmol
CO2 m-2 s-1 to 14 µmol CO2 m-2 s-1, with Cordiaalliodora having the highest An. Huang et al. (2006) evaluated the
physiological behavior twelve tropical forest species under similar environmental conditions to this study,
reporting for Gmelina arborea a rank of fourth on values of Anmax (12.64 µmol CO2 m-2 s-1). Herbohn et al. (2009)
evaluated the light response curves in different planting spacings, with improved genetic materials at 11 months,
registering 20.5 µmol CO2 m-2 s-1as the best average value of Anmax at 4m x 4m planting density. Consistently, in
all the research cited, the recorded values are definitely lower than those determined for the genotypes of G.
arborea of this study, which could help classify it as a successful invasive species in tropical environments, with
recorded high growth rates and higher photosynthetic capacity compared to native species (Pepper et al. 2012).
However, around one year of age is still very early to make comparisons between different materials of the
species (Herbohn et al. 2009, Codesido et al. 2012). These results show differences in physiological behavior to
changes in the incident radiation, due to differences in requirements of light and behavior of stomatal closure.
Therefore, the incident radiation, and other climatic conditions must be taken into account when selecting either
species to be established in a given production system (López et al. 2001).
As for the light saturation point (LSP) average recorded by the five genotypes investigated was 1499.95 µmolm-2
s-1, ranging from 1158.26 µmolm-2 s-1for clone 12 and 2110.26 µmolm-2 s-1for clone 5, ie clone 5 had a higher
photosynthetic capacity, since it managed to keep active and increasing its CO2 fixation at very high light
intensities. Further research should evaluate the distribution of the different tissues of the biomass produced, in
relation to their photosynthetic potential (Araque et al. 2009). The five clones investigated are part of a multistage genetic assembly of phenotypic and indirect genotype selection. These same clones showed desirable
diametric growth in the field, which might suggest that photosynthetic mechanisms have a stable development.
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This could explain the failure to find significant differences in any of the physiological parameters measured
among the five clones investigated. That is why, it is necessary to increase the experimental sample in future
research to corroborate or refute the previous approach (Adams et al. 2011, Flood et al. 2011). Although no
statistically significant differences among clones was found on the parameters obtained from the light response
curves, it is noteworthy that clone 5 showed higher values for Anmax and LSP (19% and 41% above the overall
average respectively). Clone 6, exhibited excellent values in respiration, quantum yield and maximum
photosynthesis, although its LSP is low. That is why clone 5 was identified as to have the highest photosynthetic
capacity of the five genotypes evaluated on the plantation. In contrast, clone 12 showed the least desirable values
in all parameters except the quantum yield, which was located in the last position of the clones evaluated. In
summary, the order of the clones, from most to least desirable, in terms of physiological parameters obtained from
the light curves are as follows:
5 > 6 > 1 > 2 > 12
Figure 5 shows the light response curves obtained for the five clones; no appreciable aspects are denoted in the
individual curves. Left curves are presented to 600 µmol photons m-2 s-1 (Figure 5A), to compare root cuttings in
nursery condition, and right curves to 2000 µmol photons m-2 s-1, for each of the five investigated clones (Figure
5B).

Figure 5: Photosynthesis Response Curve (An) to Photosynthetic Photon Flux Density (PPFD) for
Fivegmelina Arborea Clones Evaluated Under Field Conditions at 15-Months-Old
Changes are identified in the pattern of the curves from the five clones as photon flux density is increased. The
curve of clone 12 is higher than the rest up to 1400 µmol photons m-2 s-1, where it begins to decrease its
photosynthetic rate to be located second to last at 2000 µmol photons m-2 s-1 (Figure 5B). Meanwhile clone curve
5 is held in the second position up to 1400 µmol photons m-2 s-1, which exceeds the clone 12 and is placed above
the other curves up to 2000 µmol photons m-2 s-1, point where it shows a clear trend of not having yet reached the
LSP. This pattern is confirmed in the ranking of clones established in the preceding paragraph with respect to the
variables obtained from the light curves for each genotype investigated.
The curve of clone 1 remains in the last position until about 700 µmol photons m-2 s-1, at which point increases
photosynthetic rate to be in the second position up to 2000 µmol photons m-2 s-1, where it starts to decrease in
photosynthetic rate per unit photon flux.
Using the five light response curves from each of the five clones investigated, the photosynthetic response curve
at a given incident photon flux density was obtained, showing the average photosynthetic performance for the
species under field conditions at 15 months age (Figure 6).
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Figure 6: Average Response Curve Photosynthesis (An) to Photosynthetic Photon Flux Density (PPFD)
Gmelina Arborea Plantation under Field Conditions at 15 Months Age
Gmelina arborea recorded average maximum photosynthesis (An) of 25.23 mol CO2 µmol CO2 m-2s-1 and a point
of light saturation 1499.95 µmol CO2 m-2s-1 . This value was higher than those reported by other authors
(Combalicer et al. 2010, Huang et al. 2006, Herbohn et al. 2009). The value of quantum yield (ᶲ) average obtained
for the species is 0.036. Initially could suggest a poor efficiency of the photosynthetic system, however, the slope
value with the species can maintain its constant photosynthetic mechanism and achieve high values Amax. This
suggests that melina is capable of using PAR values both low and high, which is a competitive-adaptive
advantage.
Gas Exchange
Stomatal to moderate levels of water stress closure, osmotic adjustment and high efficiency in water use are some
of the physiological parameters that should guide the clonal selection (Corcuera et al. 2005,Combalicer et al.
2010, Flores 2012); hence the importance of quantification and evaluation of such processes as clonal selection
parameters. The process of evaluation of gas exchange parameters by net photosynthesis, stomatal conductance,
transpiration and use of water efficiency; for the five genotypes were performed using a PAR of 1000± 4.57 µmol
m-2s-1 and an average CO2 concentration of 360 ± 8.83 ppm.
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Means with a common letter are not significantly different (p> 0.05)
Figure 7: Net photosynthesis (An), stomatal conductance (Gs), transpiration (E) and water use efficiency
(WUE) in five clones of Gmelina arborea plantation under field conditions at 15 months age
Significant variation in the data was recorded both among and within the five clones investigated for the four
parameters, as a result from wide ranges between the minimum and maximum value in most of them. This caused
that the test of means detected no statistically significant differences among clones for any of the parameters (α =
0.05). Aspinwall et al. (2011) indicate that very little is known about how the uniformity of physiological rates
vary depending on the genetic variation and viceversa, becoming the main explanation for the wide variations in
gas exchange parameters.
Clones 5 and 2 recorded the highest values for all parameters, except WUE where clone 5 showed a low value.
Clone 12 had smaller ranges of variation for the parameters evaluated, suggesting greater stability and less
sensitivity to variables that could interfere reading by CIRAS-2, such as small changes in environmental
conditions that require stabilization time for a correct data recording (Confederación Hidrográfica del Guadiana
2011). There is a similar pattern in the placement of the clones in the graphs of gas exchange (Figure 7), as well
as the ranges of variation of Gs and E variables, confirming a strong relationship between the two (Combalicer et
al. 2010) . However, it is assumed that the experimental error is large due to the few observations in the sample, to
the point that it seems better than the accuracy of the equipment; values obtained from gas exchange process for
the five clones of Gmelina arborea are presented below.
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Table 2: Physiological Parameters Evaluated According to Gas Exchangein Fivegmelina Arborea Clones
Ata 15-Months-Old Plantation, South Pacific Of Costa Rica
CLON

5
12
6
2
1
PROMEDIO

FOTOSINTESIS
NETA (An)
µmol m-2s-1
21.36
a 2%
21.15
a 1%
19.73
a -5%
22.62
a 8%
19.47
a -7%
20.87

CONDUCTANCIA
ESTOMATICA (Gs)
mol/mol
289.53
a 16%
273.60
a 9%
270.73
a 8%
230.27
a -8%
185.53
a -26%
249.93

TRANSPIRACION (
E)
µmol m-2s-1
4.98
a 14%
4.61
a 5%
4.74
a 8%
4.00
a -9%
3.55
a -19%
4.38

USO EFICIENTE
DEL AGUA (WUE)
µmol m-2s-1
4.31
a -14%
4.76
a -5%
4.70
a -7%
5.76
a 15%
5.62
a 12%
5.03

Means with a common letter are not significantly different (p> 0.05)
Percentage values represent its difference in reference to average value
According to the gas exchange process evaluated, net photosynthesis (An) ranged from 19.47 µmol m-2s-1 to 22.62
µmol m-2s-1among the five clones, with an average of 20.87 µmol m-2s-1, higher than reported by several authors
for both melina as other tropical species (Huang et al. 2006, Herbohn et al. 2009, Combalicer et al. 2010) value.
Clone 5, as in the evaluation of the light response curves above recorded higher average values Gs and E for 16%
and 14% respectively. A higher value on average in net photosynthesis was also recorded (21.36 µmol m-2s-1).
According to light curves, the value of maximum photosynthesis which clone 5 can obtain on its light saturation
point is 30.08 µmol m-2s-1. Combalicer et al. (2010) identified significant differences from net photosynthesis
between four tropical species planting, however, such values are attributed to a greater number of foliar biomass
from species with respect to the other, and thus issues such as the arrangement of leaves in the glass resulting in a
mutual shadow on them as well as the morphology and chlorophyll content of the leaves. It does not apply in the
present investigation as genotypes of the same species present similar leaf morphology.
Meanwhile Huang et al. (2006) evaluated 12 tropical species and maximum An values recorded for melina
plantation of 16 µmol m-2s-1, lower value compared to that recorded in this investigation.. The differences in the
values obtained in each study may be attributable to multiple site soil and climatic conditions, mainly temperature
and irradiation recorded during the days of measurement. López et al. (2001) and Pepper et al. (2012) found that
an increase in temperature and irradiation brings decrease of net photosynthesis and chlorophyll content, and
inducing stomatal closure, and cause photoinhibition photorespiration, causing damage in the photosynthetic
apparatus
Stomatal conductance (Gs) showed no statistically significant differences between clones (α = 0.05). To a high
variability among clones investigated, ranging from 185.53 µmol m-2s-1 to 289. µmol m-2s-1, ie a variation of 56%
between the two was recorded As in An clones 12 and 6 showed high and worthy of note in this parameter. As in
the present investigation, Araque et al. (2009) identified no statistically significant differences in the evaluation of
Gs to four tropical tree species. Sojka et al. (2005) reported a strong link between the rate of diffusion of oxygen
from the soil and stomatal conductance, so that should make a comprehensive assessment of the soil and climatic
variables for understanding variations in Gs, as there may be other factors involved with closure stomatal in
Gmelina arborea; for example the concentration of CO2 and some chemical signals (Farquhar & Sharkey 1982,
cited by Rojas et al. 2012).
Similarly, transpiration (E), recorded no significant differences among the investigated genotypes (α = 0.05).
Clone 5 had the highest value, which puts it at a disadvantage for sites prone to water stress, therefore when this
clone be established in any condition, caution on its performance should be considered. Clone 1 showed the most
desirable in terms of the value E. As with this research, Araque et al. (2009) failed to detect statistically
significant difference regarding this variable in its evaluation of four tropical tree species. The overall average for
E in this study was 4.38 µmol m-2s-1, considered low compared with the value of 3.50 µmol m-2s-1 on average
reported by Flores (2012) for clones melina, 81 days old; presuming that possibly the material evaluated by Flores
(2012) at one year of age presents significantly higher transpiration values since at older age the requirements of
the process of gas exchange are higher (Flood et al. 2011, Rojas et al. 2012).
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Rapid growth genotypes have a greater ability to limit water loss by transpiration compared with slow growing,
presumably because of its efficiency in the regulation of stomatal closure, becoming genetic material with high
efficiency in the use of water (WUE) (Blake and Bevilacqua 1990, Pepper et al. 2012). The value of E registered
to melina by Huang et al. (2006) was 5.84 µmol m-2s-1 higher than in the present investigation. The differences
between species and genotypes, as perspiration, could be explained by the total leaf area, which has a significant
effect on loss of water due to perspiration. Greater total leaf area obviously implies a larger total surface
transpiration (Araque et al. 2009, Combalicer et al. 2010), without neglecting the frequency and size of stomata
(Tharakan et al. 2008 Araque et al. 2009). The stomatal frequency varies between species, age of the plant and
leaf and the upper or lower side thereof (Ekenayake et al. 1998, cited by Combalicer et al. 2010).
Fernandez et al. (2010) add to the list the degree of unsaturation of water in the air (deficit vapor pressure), which
is emerging as the main factor causing water consumption by transpiration in plants. The close relationship
between morphological and physiological characteristics is crucial in the adaptation strategy that develops every
species mainly is their first years of life. However, Araque et al. (2009) suggests that, for the four forest species
assessed, reported no clear relationship between transpiration rate and the anatomical structure of the species.
Water use efficiency (WUE) is a characteristic of each species and depends largely on environmental conditions
(Medrano 2007). It is ultimately determined by the stomatal behavior and plays a predominant role in areas where
water supply is the main constraint to production (Combalicer et al. 2005). Genotypes of rapid growth record high
values of WUE due to their low values of transpiration (Blake and Bevilacqua 1990), achieving more carbon
fixation through photosynthesis, per unit of water transpired. In the present study, no significant differences (α =
0.05) for that parameter among the five clones tested were recorded. The average for genotypes plantation at 15
months of age was 5.03 µmol m-2 s-1. The clone 2 had the highest value for this parameter with 15% more than the
average WUE due to a low of transpiration. More efficient water use means equal or greater production than other
genotypes, but with lower water consumption. Melina clones evaluated by Huang et al. (2006) reported high
levels of perspiration, which directly affects less efficient water use for these clones (2.65 µmol m-2 s-1) compared
with those in the present investigation values (5.03 µmol m-2 s-1). The ranking of the genotypes in terms of water
use efficiency is as follows: 2 = 5.76 µmol m-2 s-1> 1 = 5.62 µmol m-2 s-1> 12 = 4.76 µmol m-2 s-1> 6 = 4.70 µmol
m-2 s-1> 5 = 4.31 µmol m-2 s-1. WUE values recorded in this investigation are considered low compared with those
reported by Combalicer et al. (2010) for four tropical species, who reported a maximum value of 10.1 µmol m-2s-1,
ie 90% higher than reported for melina genotypes in this investigation. These marked differences could be
explained by the fact that WUE, is ultimately, determined by self-stomatal behavior of each species, being
instrumental in the adaptation strategy to field conditions, mainly in the first years of life (Rojas et al. 2012). High
WUE suggests a high photosynthetic efficiency (Blake & Bevilacqua 1990). The variability recorded by
genotypes in each of the evaluated parameters, provides the ability to further develop research selection and
improved genotypes for plantations to production level, for different soil and climatic conditions. However, it is
clear that the study of a single parameter does not guarantee selection, so both morphological and physiological
parameters that contribute more to the early selection of genotypes should be identified. Moreover, different
adaptation strategies genotypes must also be taken into account in the selection criteria, depending on the
objectives of the breeding program (Fernández et al. 2010).

Conclusions and Recommendations
Very similar behavior in the response curves of light of the five clones investigated were observed. Not
pronounced slope recorded in the beginning of the curve coincides with the typical pattern of species acclimated
to high ambient incident photon flux rates (PPFD).No statistically significant differences between genotypes
assessed for any of the parameters obtained from light response curves were recorded.
The maximum photosynthetic rate at light saturation (Anmax) ranged between 22.36 µmol CO2 m-2 s-1 for clone 2
and 30.08 µmol CO2 m-2 s-1 for clone 5, with an average of 25.23 µmol CO2 m-2 s-1. The results recorded to
indicate that clone 5 had lower stomatal limitations for gas exchange.
The light saturation point (LSP) recorded average was 1499.95 µmol CO2 m-2 s-1, ranging from 1158.26 µmol m-2
s-1 for clone 12 and 2110.26 µmol m-2 s-1 for clone 5.
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Clone 5 recorded the most desirable values in the Anmax and LSP (19% and 41% above the overall average
respectively). Clone 6 showed excellent values in transpiration, quantum yield and maximum photosynthesis,
although its LSP is the lowest. Clone 5 had the highest photosynthetic capacity in plantation at 15-months-old.
Gmelina arborea recorded on average a maximum photosynthesis (Anmax) of 25.23 µmol CO2 m-2 s-1 and a point
of light saturationof 1499.95 µmol m-2 s-1in planting at15-months-old.
Net photosynthesis (An) ranged from 19.47 µmol m-2 s-1to 22.62 µmol m-2 s-1, with an average of 20.87 µmol m-2
s-1. Stomatal conductance (Gs) unchanged from 185.53 molmol m-2 s-1 to 289.53 molmol m-2 s-1. The average for
transpiration of the investigated genotypes was 4.38 µmol m-2 s-1. The water use efficiency average was 5.03 µmol
m-2 s-1, varying from 5.76 µmol m-2 s-1 to 4.31 µmol m- 2 s-1.
Clone 2 recorded the highest values for net photosynthesis (An) and water use efficiency (WUE); and presented
the second best value in relation to transpiration (E) and stomatal conductance (G s). This clone became asshowing
the most efficient photosynthetic capacity in planting condition at 15-months-old.
Clone 1 could be recommended for sites prone to water scarcity constraints due to its excellent breathability and
WUE values.

Bibliografía
Adebisi, M., Adekunle, M., Odebiyi, O. 2011. Effects of fruit maturity and pre-sowing water treatment on
germinative performance of Gmelina arborea seeds. Journal of Tropical Forest Science 23(4), 371-378.
Araque, O.,Jaimez, R.,Azócar, C., Espinoza, W.,Tezara, W. 2009. Relaciones entre anatomía foliar, intercambio
de gases y crecimiento juvenil de cuatro especies forestales. Interciencia. 34(10), 725-729.
Aspinwall, M., King,J.,Domec, J.,McKeand, S. 2011. Leaf-level gas-exchenge uniformity and photosynthetic
capacity among loblolly pine (Pinustaeda L.) genotypes of contrasting inherent genetic variation. Tree
Physiology. 31, 78-91.
Azcón, J., Fleck, I.,Aranda, X.,Xambó, A. 2000. Fotosíntesis en un ambiente cambiante. En, Azcón-Bieto, J,
Talón, M. eds. Fundamentos de Fisiología Vegetal. Barcelona, España, McGraw-Hill.
Balcorta, H., Vargas, J. 2004. Variación fenotípica y selección de árboles en una plantación de melina (Gmelina
arborea Linn., Roxb.) de tres años de edad. RevistaChapingo. 10(1), 13-19.
Blake,T.,Bevilacqua, E. 1990. Early selection of Fast-growing eucalyptus clones and species.IPEF
International.26-34.
Codesido, V.,Zas, R.,Fernández, J. 2012.Juvenil – mature genetic correlations in Pinnusradiata D. Don.under
different nutrient x water regimes in Spain. 131(2), 297-305.
Combalicer, M., Lee, D., Woo, S., Lee, Y., Jang, Y. 2010. Early growth and physiological characteristics of
planted seedlings in La Mesa Dam Watershed, Philippines.ThePhilippinesAgricultural Scientist 88(3),
305-316.
Confederación Hidrográfica del Guadiana. 2011. Protocolo para el control de calidad de planta forestal en la
cuenca hidrográfica del Río Guadiana. Unión Europea – Fondo de Desarrollo Regional. España.
Coopman, R., Reyes, M., Briceño, V., Corcuera, L., Cabrera, H., Bravo, L. 2008. Changes during early
development in photosynthetic light acclimation capacity explain the shade to sun transition in
Nothofagusnitida. TreePhysiology 28, 1561-1571.
Corcuera, L., Maestro, C.,Notivol, E. 2005. La ecofisiología como herramienta para la selección de clones más
adaptados y productivos en el marco de una selvicultura clonal con chopos. Invest. Agrar,
SistemaRecursos Forestales. 14,(3) 394-407.
deKok R. 2012. A revision of the genus Gmelina (Lamiaceae).Kew Bulletin.67,293-329.
Dickman, D. 1991. Role of physiology in forest tree improvement.Silva Fennica. 25, 248-256.
El-Sharkawy, M. 2006. Utilidad de la investigación básica en fisiología de la planta cultivo en relación con el
mejoramiento de cultivos, una revisión y una cuentapersonal. Braz. J. Plant Physiol. 18, 419-446.
Evans, J.,Poorter, H. 2001. Photosynthetic acclimation of plants to growth irradiance, the relative importance of
specific leaf area and nitrogen partitioning in maximizing carbon gain.Plant, Cell and Environment. 24,
755-767.
Fernández, M.,Tapias, R.,Alesso, P. 2010. Adaptación a la sequía y necesidades hídricas de
EucalyptusglobulusLabill. En Huelva. Bol. Inf. CIDEU. 8(9), 31-41.
91

ISSN 2221-0997 (Print), 2221-1004 (Online)

© Center for Promoting Ideas, USA

www.ijastnet.com

Flood, P.,Harbinson, J.,Aarts, M. 2011. Natural genetic variation in plant Photosynthesis.Trends in PlantScience
16(6), 327-335.
Flores, M. 2011. El sector forestal latinoamericano ante la crisis global.Recuperado de
http,//www.rlc.fao.org/en/sala-prensa/opinion/el-sector-forestal-latinoamericano-ante-la-crisis-global/
Flores, G. 2012. Comportamiento fisiológico, crecimiento juvenil y potencial de selección temprana en una
colección clonal de Gmelina arborea Roxb. en la empresa 3F, Córdoba, Colombia.(Tesis Lic. Ing.
Forestal). Instituto Tecnológico de Costa Rica. Cartago, Costa Rica.
Gamboa, M., Wen, S., Fetcher, N.,Bayman, P. 2005. Effects of fungicides on endophytic fungi and
photosynthesis in seedlings of a tropical tree, Guarea Guidonia (Meliaceae).ActaBiológicaColombiana
10(2), 41-47.
Han, Q. 2011. Height-related decreases in mesophyll conductance, leaf photosynthesis and compensating
adjustments associated with leaf nitrogen concentrations in Pinusdensiflora. Tree Physiology. 31, 976984.
Herbohn, J., Gregorio, N.,Vanclay, J. 2009. Initial gas exchange results from field trials. In ACIAR Smallholder
Forestry Project, Improving financial returns to smallholder tree farmers in the Philippines, end-of-project
workshop (1, 2009, Ormoc).Eds.Harrison, S, Bosch, A,Herbohn, J,Mangaoang, E. Ormoc, Philippines.
Huang, J., Wu, T., Kong, G., Chen, Z., Zhang, J. 2006. Seasonal changes of photosynthetic characteristics in 12
tree species introduced onto oil shale waste. Journal of Plant Ecology. 30(4), 666-674.
Indira, E. 2006. Provenance variations in Gmelina arborea with particular reference to tree form. Journal of
Tropical Forest Science. 18(1), 36-50.
Holdrige, L. 1967.Life Zone Ecology.Tropical Science Center. San José, Costa Rica.
Kanninen, M., Pérez, D. 2005.Effect of Thinning on Stem Form and Wood Characteristics of Teak
(Tectonagrandis) in a Humid Tropical Site in Costa Rica.Silva Fennica 39(2), 217–225.
Kappelle, M., Castro, M., Acevedo, L., Monge, H. 2002. Ecosistemas del Area de Conservación Osa
(ACOSA).Heredia, Costa Rica. INBio
Kumar, A. 2007.Growth performance and variability in different clones of Gmelina arborea (Roxb.). Silvae
Genetica. 56, 32-36.
Leverenz, J. 1988. The effects of illumination sequence, CO2 concentration, temperature and acclimation on the
convexity of the light response curve. Physiol. Plant. 74, 332-341.
Lewis, J.,Lucash, M.,Olszyk, D.,Tingey, D. 2002.Stomatal responses of Douglas-fir seedlings to elevated carbon
dioxide and temperature during the third and fourth years of exposure. Plant, Cell and Environment 25,
1411-1421.
Lieth, J.,Pasian, C. 1990. A model for net photosynthesis of roses leaves as function of photosynthetically active
radiation, leaf temperature, and leaf age. Journal of the American Society for Horticultural Science
115(3), 486-491.
López, J.,Riaño, N.,López, Y. 2001. Características fotosintéticas de cinco especies forestales. Cenicafé. 52, 169191.
López, M., Peña, C., Aguirre, J., Trejo, C., López, A. 2007. Estudio comparativo de intercambio gaseoso y
parámetros fotosintéticos en dos tipos de hojas de frijol (PhaseolusvulgarisL.) silvestre y domesticado.
Revista UDO Agrícola 7(1), 49-57.
Marrichi, A.H.C., 2009. Caracterização da capacidadefotossintética e da condutância estomática em sete clones
comerciais de Eucalyptuse seuspadrões de respostaao déficit de pressão de vapor. (Dissertação de
mestrado. Piracicaba).Universidad de São Paulo. Brasil.
Marshall, B.,Biscoe, P. 1980. A model for C3 leaves describing the dependence of net photosynthesis on
irradiance. Journal of Experimental Botany. 31(1), 29-39.
Martin, C.,Cosandey, C.,Andréassian, V.,Didon-Lescot, J.,Lavabre, J.,Folton, N…. Richard, D. 2005. The
hydrological impact of the Mediterranean forest, a review of French research.Journal of
Hydrology.301,235-249.
Medrano, H.,Bota, J.,Cifre, J.,Flexas, J.,Ribas-Carbó, M.,Gulías, J. 2007.Eficiencia en el uso del agua por las
plantas. Investigaciones Geográficas 43, 63-84.
Montgomery, R. 2004. Relative importance of photosynthetic physiology and biomass allocation for tree seedling
growth across a broad light gradient. Tree Physiology 24, 155-167.
92

International Journal of Applied Science and Technology

Vol. 5, No. 4; August 2015

Orlovic, S.,Pajevic, S.,Klasnja, B.,Galic, Z.,Markovic, M. 2006. Variability of physiological and growth
characteristics of White willow (Salix albaL.) clones. Genetika 38 (2), 145–152.
Pallardy, S. 2008. Physiology of woody plants. 3ª ed.Missori,US,Elsevier. 469 p.
Pasquini, S., Santiago, L. 2012. Nutrients limit photosynthesis in seedlings of a lowland tropical forest tree
species. Oecologia 168(2), 311-319.
Pimienta, E., Robles, C.,Martínez, C. 2012. Ecophysiological responses of native and exotic young trees to
drought and rainfall.Rev. Fitotec. Mex. 35(5), 15-20.
Retuerto, R., Rodríguez, S., Fernández, B., Obeso, J. 2003. Respuestas compensatorias de plantas a situaciones de
estrés. Ecosistemas. 1,1-7.
Rojas, A., Moreno, L., Melgarejo, L.,Rodriguez, M. 2012. Physiological response of gmelina (Gmelina arborea
Roxb.) tohydricconditions of thecolombianCaribbean. Agronomía Colombiana 30(1), 52-58.
Silvestrini, M.,Válio, I.F.M., De Mattos, E.A. 2007. Photosynthesis and carbon gain under contrasting light levels
in seedlings of a pioneer and a climax tree from a Braziliansemideciduous tropical forest. RevistaBrasi.
Bot. 30(3), 463-474.
Sojka, R.,Oosterhuis, D., Scott, H. 2005. Root oxygen deprivation and the reduction of leaf stomatal aperture and
gas exchange. In,Handbook of Photosynthesis (second ed.). Florida, USA Taylor & Francis Group.
Taíz, L,Zeiger, E. 2006. Plant Physiology.Tercera edición, SinauerAssociates, Inc, Sunderland. USA.
Tharakan, P., Volk, T., Nowak, C.,Ofezu, G. 2008.Assessment of canopy structure, light interception, and lightuse efficiency of first year regrowth of Shrub Willow (Salix sp.).Bioenerg. Res. 1, 229-238.
Thornley, J. 1976. Mathematical models in plant physiology. United Kingdom. AcademicPress Inc.
Villegas, J. 2012. Niveles óptimos de concentración de regulador de crecimiento en el enraizamiento de esquejes
y preparación foliar previa a la cosecha de clones de Melina (Gmelina arborea Roxb.) en el vivero forestal
del INISEFOR, La Palma de Puerto Jiménez, Golfito. (Proyecto graduación Bach. Ing. Forestal).
Universidad Nacional. Heredia, Costa Rica.
Wee, A., Li, C., Dvorak, W. 2012. Genetic diversity in natural populations of Gmelina arborea, implications for
breeding and conservation.New Forests. 43, 411-428.
Woo, S. 2003. Effects of different light intensities on growth, chlorophyll contents, and photosynthesis of
Abiesholophylla. Meristem. 3, 1-5.
Zufferey, V.,Murisier, F., Schultz, R. 2000. A model analysis of the photosynthetic response of Vitisvinifera L.
cvs Riesling and Chasselas leaves in the field, I. Interaction of age, light and temperature. Vitis. 39(1), 1926.

93

