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Highlights

The sum of flooding and 70% shading conferred stressful condition to C. xanthocarpa.

The seedlings adjustment was favorable over the 45 days of flooding under 70% shade.

The better seedlings responses to flooding were with 30% shade.

The photosynthetic rate was the main factor regulator of seedling responses.

Abstract

Physiological information about native species, make it possible to know their potential for use in programs 

to recovery degraded areas. Nowadays climate changes are severe and factors as water and light are 

involved with plant development and growth. We hypothesized that shading may contribute to adjusting 

the characteristics of photosynthetic metabolism of Campomanesia xanthocarpa seedlings under 

flooding. Thus, this work aimed to evaluate the flooding times and shading levels for gas exchanges and 

the maximal photochemical efficiency of PSII (Fv/Fm) in C. xanthocarpa seedlings. Seedlings were grown 

under two water regimes (control and flooding), three levels of shading (0, 30, and 70%) and 4 evaluation 

periods (0, 15, 30, and 45 days). We verified damages to the photosynthetic apparatus and reductions in 

the efficiency of the photochemical process under flooding and at a high level of shading (70%) in a short 

period (15 days). However, seedlings showed favourable responses to the adjustment over the 45 days of 

exposure to those conditions. According to the multivariate analysis, it was possible to identify the relation 

between photosynthetic rate and stomatal conductance as the main factor of metabolic adjustments in 

the tolerance of C. xanthocarpa to flooding and high shading intensity. C. xanthocarpa was more sensitive 
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to short periods of flooding conditions and full sun and high level of shading (70%), however, it presented 

better adjustment responses to flooding periods when associated with 30% shade.

Key words: Guabiroba tree. Gas exchanges. Stress. Native fruit.

Resumo

As informações fisiológicas sobre as espécies nativas, possibilitam conhecer seu potencial para uso 

em programas de recuperação de áreas degradadas. As mudanças climáticas são comuns e fatores 

como água e luz estão envolvidos no desenvolvimento e crescimento das plantas. Nossa hipótese é 

que o sombreamento pode contribuir para ajustar as características do metabolismo fotossintético de 

mudas de gabiroba-de-árvore (Campomanesia xanthocarpa) em alagamento. Assim, este trabalho teve 

como objetivo avaliar os tempos de alagamento e níveis de sombreamento sobre as trocas gasosas e na 

eficiência fotoquímica máxima do PSII (Fv/Fm) em mudas de C. xanthocarpa. As mudas foram cultivadas em 

dois regimes hídricos (controle e alagamento), três níveis de sombreamento (0, 30 e 70%) e quatro épocas 

de avaliação (0, 15, 30 e 45 dias). Verificou-se danos ao aparato fotossintético e reduções na eficiência do 

processo fotoquímico em alagamento e com alto nível de sombreamento (70%) por curto período (15 dias). 

No entanto, as mudas apresentaram respostas favoráveis de ajuste ao longo dos 45 dias de exposição 

nessas condições. Pela análise multivariada, foi possível identificar a relação entre a taxa fotossintética e a 

condutância estomática como principais fatores de ajustes metabólicos na tolerância de C. xanthocarpa ao 

alagamento e alta intensidade de sombreamento. C. xanthocarpa foi mais sensível nos curtos períodos de 

alagamento quando associada a pleno sol e ao maior sombreamento (70%). Porém, apresentou melhores 

respostas de ajuste aos períodos de alagamento quando associada a 30% de sombra. 

Palavras-chave: Guabirobeira. Trocas gasosas. Estresse. Fruta nativa.

Introduction

The recent global climate changes are 
marked by increased flood due to seasonality 
in above-average rainfall (Fan et al., 2014; 
Posada-Casierra & Cutler, 2017). According 
to Lüttge (2004), the second factor that 
affects the growth, production and survival 
of plants is the light. When those factors 
are associated, both in stressful levels, may 
cause irreversible damages to plants. Thus, 
to explain the plasticity that a species has 
under environmental stress, experimentation 
with analysis of physiological processes 
related to chlorophyll a fluorescence and gas 
exchanges can provide information in a fast 
and safe way, as the species with potential 
use in agroforestry systems and programs of 

degraded area recovery fit these conditions 
(Baker & Rosenqvist, 2004; Calatayud, Roca, & 
Martínez, 2006).

In this context, Campomanesia 
xanthocarpa Mart. ex O. Berg (Myrtaceae) 
shows up as an endemic species with 
occurrences in Brazil, Argentina, Paraguay and 
Uruguay. It is known popularly as “gabirobeira”, 
whose fruits are widely consumed by the 
local population and birdlife. This species 
has great amounts of vitamins, fibers and 
micronutrients. It has been studied extensively 
for its medicinal properties (anti-inflammatory, 
antiplatelet, antidiabetic) found in all the parts 
of these plants. (Lorenzi, 2008; Duarte, Dias, 
Melo Pereira, Gervásio, & Schwan, 2009; 
Khurana, Venkataraman, & Hollingsworth, 
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2013; Viecili et al., 2014; Lescano et al., 2016; 
Souza et al., 2017; Otero et al., 2017).

Some studies with Campomanesia 
species indicated different responses 
according to light availability. Krupek and Lima 
(2012) observed leaves morphoanatomical 
variations in C. xanthocarpa. In C. adamantium 
(Ajalla, Vieira, Volpe, & Zárate, 2014) and in 
C. xanthocarpa (Bartieres et al., 2020) was 
observed greater growth and photosynthetic 
metabolism, respectively, under shading 
compared to seedlings cultivated in full sun.

Regarding luminous availability, 
Pimenta (1998), in his classic work with C. 
xanthocarpa, carried out a survey of the species’ 
population behavior, one of the approaches 
being tolerance to flooding.  Lemos-Filho 
(2000) observed that the seedlings of two 
Myrtaceae species (Eugenia dysenterica and 
Campomanesia adamantium) showed greater 
efficiency of the photosynthetic apparatus in 
the rainy season compared to the dry season. 
However, the water deficit in combination with 
high levels of irradiance caused a significant 
reduction in the maximal photochemical 
efficiency of photosystem II.

However, no studies about the 
interaction between luminous availability and 
flooding were found about C. xanthocarpa, 
which amplifies its effects and increases the 
opportunity for greater knowledge about 
the responses, tolerance, adaptation and 
potential use of the species for recovery of 
gallery forests, as well as better conditions 
for seedling production. The interactive 
effect of light and water stresses in plants, 
i.e., under flooding, has been studied for some 
native trees, but has not been extensively 
investigated (Cremon, Scalon, Rosa, & Dresch, 
2020). We hypothesized that shading may 

contribute to adjusting the characteristics of 
photosynthetic metabolism of C. xanthocarpa 
seedlings under flooding. Thus, this work 
aimed to evaluate the flooding times and 
shading levels for the gas exchanges and the 
maximal photochemical efficiency of PSII (Fv/
Fm) in C. xanthocarpa seedlings.

Materials and Methods

Study area, treatments and experimental 
design

The experiment was carried out at the 
plant nursery from Agrarian Sciences Faculty 
at the Federal University of Grande Dourados 
(UFGD), in Dourados city – MS in 2018. 
Mature fruits of Campomanesia xanthocarpa 
were collected from natural populations 
(Ministério do Meio Ambiente [MMA], 2018), 
in the Itamarati Settlement, Ponta Porã (MS) 
(Figure 1A-B), in which the species was 
identified and the exsiccate was deposited in 
the Herbarium, UFGD (DDMS), under number 
4644. For seedling propagation, sowing was 
done in 72-cell expanded polystyrene trays 
filled with commercial substrate (Tropstrato®). 
A completely randomized design was 
used, organized in a split-split plot scheme, 
corresponding the plot 2 water regimes 
(control and flooding), the subplot 3 levels of 
shading (0, 30 and 70%) and the sub-subplot 
4 evaluation periods (0, 15, 30 and 45 days), 
with 4 repetitions.  The experimental unit was 
compound by a plastic pot containing two 
C. xanthocarpa seedlings with 180 days of 
age. Seedlings underwent acclimatization to 
the different luminous environments for 10 
days and then they were submitted to water 
regimes.
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Figure 1. Chlorophyll index (a) and number of leaves (b) in Campomanesia xanthocarpa Berg 
seedlings. submitted to flooding and shading. Means followed by distinct letters differ from each 
other by the Tukey test (p ≥ 0.05). Chlorophyll index (c) and number of leaves (d) in seedlings of 
Campomanesia xanthocarpa Berg. according to the period of flooding. Means followed by distinct 
letters differ from each other by the Bonferroni t-test (p ≥ 0.05). The area fill shows the 95% 
confidence bands. ns = not significant.

In order to simulate the flooding, the 
potted seedlings were flooded 5.0 cm above 
the soil surface in a plastic tank. The substrate 
to fill the 7-litre capacity pots consisted in a 
mixture in the ratio 2:1 (v:v) of Dystroferric 
Red Latosol and medium sand, respectively. 
The control seedlings were irrigated to 

maintain 75% of water retention capacity in 
the substrate. Black nylon screens (Sombrite®) 
provided the shading.

Climatic data were obtained by a 
thermo-hygrometer device. In the flooding 
phase in up to 45 days, we verified average 
temperatures and relative humidity, 
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respectively, of 36.8°C and 37.5 % RH under 
0% shading (full sun), 34.1°C and 45,8% under 
30% shading and 33.2°C and 53.7% under 
70% shading. 

Characteristics evaluated

The control seedlings were evaluated 
in the same periods as seedlings under 
flooding. In addition to the survival percentage, 
following characteristics were evaluated: 

The Clorophyll index (SPAD), number of leaves 
and the maximal photochemical efficiency of 
PSII (Fv/Fm)

The chlorophyll index was obtained by 
a chlorophyll analyzer (Konica Minolta – SPAD 
502) and Fv/Fm (on dark-adapted leaves for 30 
minutes) measured by a portable fluorometer 
(OS-30p - Opti-Sciences Chlorophyll 
Fluorometer, Hudson, USA), which both 
evaluations occured from 08:00 to11:00 am 
and used completely expanded leaves located 
on intermediate stem branches. 

Photosynthetic characteristics

Photosynthetic rate (A); leaf 
transpiration (E); stomatal conductance (gs); 
internal carbon dioxide (Ci) and carboxylation 
efficiency of Rubisco (A/Ci) were measured 
by using an infrared gas analyzer (IRGA, brand 
ADC, model LCi PRO, Analytical Development 
Co. Ltd., Hoddesdon, UK). These evaluations 
were performed having four seedlings per 
treatment in the morning, from 8 to 11 am, in 
completely expanded leaves which they were 
previously marked. Then, all the measurements 

were always carried out on the same leaves, 
considering only the data measured under 
photosynthetic photon flux (PPF) greater than 
700 μmol m-2 s-1. 

Water potential (Ψw)

Obtained from individual leaf readings 
which belonged to the second pair of 
completely expanded leaves from the apex to 
the base, using a pressure chamber (Portable 
Plant water status console - model 3115), right 
after the leaves collection. 

Statistical analysis

For the analysis of results, means were 
submitted to analysis of variance and when 
significant at 5% by F test were compared 
for water regime by Bonferroni’s test, shading 
levels by Tukey test and adjusted by regression 
equations for times using the statistical 
software SISVAR 5.3 (Ferreira, 2014). An 
exploratory analysis on data, according 
to the parameters evaluated, was applied 
using the multivariate statistical method, 
called factorial analysis (FA). The extraction 
of factors was carried out through principal 
component analysis (PCA). Software XLSTAT 
software, version 2019 (AddinSoft) was used 
for this purpose. All graphics were elaborated 
in GraphPad Prism software, version 7.00 
(GraphPad).

Results and Discussion

During the evaluations, 100% of the 
seedling survival was verified, regardless of 
the cultivation conditions.
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The chlorophyll index, number of leaves, and 
the the maximal photochemical efficiency of 
PSII (Fv/Fm)  

Plants submitted to 70% shading had 
higher number of leaves and there were no 
differences between averages from 0% and 
30% shades (Figure 1b). Seedlings under 
the highest shading also had the greatest 
chlorophyll index (Figure 1a).

The results showed significantly 
higher for the chlorophyll index as higher the 
shading levels were, indicating an adaptive 
strategy to these different conditions. Thus, 
higher pigment contents occurred in order to 
promote greater light absorption. Exposure 
to full sun can cause excessive accumulation 
of excitation energy, which if not dissipated, 
may cause negative effects, such as cell 
oxidation (Burritt & Mackenzie, 2003; Adams, 
Zarter, Ebbert, & Demmig-Adams, 2004) 
leading to the senescence and degradation 
of chlorophyll (Deng, Cao, Tang, Lu, & Zhang, 
2001). Then, justifying the lowest SPAD index 
in C. xanthocarpa seedlings under full sun.  
In this context, the higher pigment contents 
under 70% shading were accompanied by 
higher number of leaves.

During the evaluation times, the 
number of leaves decreased in both hydric 
regimes (Figure 1d). However, seedlings under 
flooding had the lowest values in the evaluation 
periods after flooding establishment. At 45 
days, the proportion in decline for number 
of leaves between the control and flooded 
regimes was 20% and 60%, respectively.  
This behavior could be expected since, with 
advancing flooding time, the tendency of leaf 
abscission to occur increases, which causes a 
reduction in the number of leaves as observed 
for other species (Zhao et al., 2014).

The chlorophyll index for control plants 
did not modify significantly, with a general 
average of 34.98. However, there was a linear 
decrease during flooding, which it was lower 
and varied significantly from control plants 
only at 30 and 45 days (Figure 1c).

However, under 30% shading the 
seedlings showed no differences for the 
number of leaves compared to the full sun 
(Figure 1b), indicating an adaptive process, 
since many plants when shaded leaves tend 
to have a greater number and more expanded 
to optimize light absorption. We emphasize 
that flooding negatively influenced these 
characteristics (Figure 1d). The reduction in 
the number of leaves observed after 15 days 
of flooding can be attributed to the reduction in 
ion absorption and translocation as mentioned 
by Marschner (2012).

Control and flooded seedlings under 
70% of shading had a linear decreasing 
response to Fv/Fm during the evaluation times. 
However, the responses were lower compared 
to the others under flood condition, more 
specifically, from 30 days. Regardless of water 
regime, plants under 30% shade increased 
Fv/Fm response (Figure 2a.1). Under 30%, the 
seedlings are in a more favorable condition for 
photochemical reactions and with the seedling 
growth, the energy demand increases, which 
is represented by the increase in Fv/Fm 
throughout the evaluations. No significance 
was found at 0% shading for the period as well 
as no differences between the regimes (Figure 
2a.2). Seedlings may receive much more light 
under full sun than they can process, leading 
to a stress condition and consequently to a 
lower level of photochemical efficiency.
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The increase in Fv/Fm under 30% 
of shading indicates that C. xanthocarpa 
seedlings were more efficient in the use of 
light under this condition and they had an 
energy loss, in the form of heat and it was 
more efficient in the regeneration process 
of rubisco (Baker, 2008; S. Li, Yang, Yang, 
Chen, & Ni, 2015), and therefore, increases 
the carboxylation efficiency culminating with 
higher photosynthetic rate.

Photosynthetic characteristics

There were decreases in 
photosynthetic rate (A), leaf transpiration 
(E) and stomatal conductance (gs) for all 

Figure 2. The maximal photochemical efficiency of PSII (a.1, a.2) in Campomanesia xanthocarpa 
Berg seedlings according to evaluation period, hydric regime (C: control; F: flooding) and shading 
(0%; 30%, and 70%). Equal uppercase letters do not differ from each other for regime at each level 
of time and shadow by the Bonferroni t-test (p ≥ 0.05). Equal lowercase letters do not differ from 
each other for shading at each time level and regime, by Tukey’s test (p ≥ 0.05). ns = not significant; 
na = not adjusted.

the treatments along the evaluation period. 
Plants without flood conditions and under 
70% of shade had the highest average at the 
end of the evaluation (Figure 3a.1 and 3a.2). 
It is noteworthy, that the photosynthetic rate, 
although reduced with the evaluation time, 
remained higher in the control seedlings under 
shading and the others showed a tendency to 
adjust and recover values after 30 days. This 
behavior was similar to that observed for Fv/
Fm and chlorophyll index, which indicates the 
preference of C. xanthocarpa for a shaded 
environment.
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Figure 3. Photosynthetic rate (a.1, a.2), leaf transpiration (b.1, b.2) and stomatal conductance (c.1, 
c.2) in Campomanesia xanthocarpa Berg. seedlings according to evaluation period, hydric regime 
(C: control; F: flooding) and shading (0%; 30%, and 70%). Equal uppercase letters do not differ 
from each other for regime at each level of time and shading by the Bonferroni t-test (p ≥ 0.05). 
Equal lowercase letters do not differ from each other for shading at each time level and regime, by 
Tukey’s test (p ≥ 0,05).
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Leaf transpiration decreased linearly 
during evaluation times for control plants 
under 0% (full sun) and 30% shades. The other 
treatments presented a minimal transpiration 
at 30 days. The flooding provided the lowest 
transpiration, which was smaller under 
shading (Figure 3b.1 and 3b.2). These results 
corroborate the conditions of temperature and 
relative humidity of the cultivation environment, 
since under shading, the temperature is lower 
and the RH is higher, which favors the lower 
transpiration intensity.          

The flood influenced the stomatal 
conductance negatively, more specifically at 
15 days, where it was lower in all the shaded 
conditions. However, 0% and 30% shades 
for flooded plants from 30 days were similar 
to the control, but under 70%, this similarity 
just occurred at 45 days where there was no 
difference for any treatment (Figure 3c.1 and 
3c.2).

According to Kozlowski (1997), many 
woody species under flooding present 
reductions in the photosynthetic rate 
accompanied by a decrease in stomatal 
conductance as observed with C. xanthocarpa 
seedlings in this experiment. In addition, 
there is also the general reduction in plant 
transpiration for all the treatments. The 
factors involved in the restriction of plant 
photosynthesis may be related to stomata 
or not (H. B. Li, Chen, & Li, 2006; Seemann & 
Sharkey, 1986; Meyer & Kouchkovsky, 1993). 
When related to stomata, these factors cause 
a limiting effect on photosynthesis in a short 
term (Satoh, Smith, & Fork, 1983), as observed 
for stomatal conductance at 15 days. On the 
other hand, when factors are not related, the 
effect is the time prolongation for stress. 

The decrease in stomatal conductance 
under flood can be attributed to the lower 
permeability and hydraulic conductivity of the 
root under anaerobic soil conditions. Flooding 
may also induce stomatal closure (Pezeshki, 
2001). Otherwise, under stressful conditions 
the decrease in gs can be associated to an 
adaptive behavior since it confers reduction 
in water loss caused by transpiration, as 
well as CO2 diffusion resistance, which is 
harmful to photosynthetic production (Abiko 
et al., 2012; Chaves, Flexas, & Pinheiro, 2009; 
Yan et al., 2012). Considering these factors, 
when analyzing gs and E responses, we 
observed that there was a direct relation in C. 
xanthocarpa plants and then the effect on gs 
reduction seems to be an adaptive reaction of 
this species.

The internal CO2 concentration 
decreased linearly in plants under 30% shade, 
with maximum point at 25 days under 70% and 
it did not vary significantly under 0% (overall 
mean of 275.83 μmol mol-1 of CO2) it being 
larger than the other shadings at 45 days 
(Figure 4a). The control plants had a maximum 
point around 20 days and this treatment was 
superior if compared to flooded seedlings, 
except for 45 days, when the inversion 
occurred, resulting in higher values for flooding 
(Figure 4b). In addition, Ci in the control 
plants under full sun was higher than shaded 
contrasting that in the seedlings flooded the 
smaller Ci was under 30% shading (Figure 4c). 
Lower Ci in flooded plants is related to lower 
stomatal conductance which resulted in lower 
photosynthetic rate and that control plants 
under shading tend to have lower Ci and higher 
photosynthetic rate, proving that shading is a 
preferential condition for C. xanthocarpa.
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Figure 4. Internal carbon dioxide in Campomanesia xanthocarpa Berg seedlings. (a), hydric regime 
(control and flooding) and evaluation period (b), where the same lowercase letters do not differ 
according to the Tukey test (p ≥ 0.05) for shading (0, 30, and 70%) and for regime by the test of 
t of Bonferroni (p ≥ 0.05). Hydric regime and shading (c), where upper case letters do not differ 
from each other for regime at each shading level by the Bonferroni t-test (p ≥ 0.05) and lowercase 
letters for each shading by Tukey test (p ≥ 0.05). ns = not significant; na = not adjusted

The shading influenced the control 
treatments significantly, showing higher A/Ci 
values for the highest shadow intensity, which 
overpassed the initial averages at 45 days. The 
flooding conditions had a bad effect on A/Ci, 
presenting no differences among the shading 

levels from the 15 days of evaluation (Figure 5 
b.1 and5

b.2). Thus, we concluded that shading 
conditions did not mitigate the stressful effect 
of flooding on A/Ci. 
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Figure 5. Carboxylation efficiency of Rubisco (a.1, a.2) in Campomanesia xanthocarpa Berg 
seedlings according to evaluation period, hydric regime (C: control; F: flooding) and shading (0%, 
30%, and 70%). Equal uppercase letters do not differ from each other for regime at each level of 
time and shading by the Bonferroni t-test (p ≥ 0.05). Equal lowercase letters do not differ from each 
other for shading at each time level and regime, by Tukey’s test (p ≥ 0.05). ns = not significant; na 
= not adjusted.

There were differences for the regimes 
only under 70% shading, so that the flooded 
seedlings showed greater Ci compared to the 
control. There was no difference between 0% 
and 70% of shades for control seedlings, being 
greater than 30%. The highest values for Ci for 
flooded plants in 70% of shading justify the 
lowest photosynthetic rates, and the lowest 
efficiency for carboxylation of rubisco (A/Ci) 
at the end of the evaluations. In addition, the 
A/Ci values can be caused by the lack of O2 
in the substrate, damaging the photosynthetic 
apparatus of seedlings exposed to flood, 
which it may compromise and reduce the 
rubisco activity (Flexas et al., 2006). 

The water potential was influenced 
by the single effect of water regime and the 
interaction between times and shadings. Plants 
under flood conditions had more negative 
values than controls (Figure 6a). The lowest 
value occurred at the initial time (0 days) under 
full sun. Along the experimental period, the 
three shading levels resulted in linear positive 
responses for this variable. Plants under 0% 
shade were lower at the beginning and at 30 
days in relation to 70% shade (Figure 6b).
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Figure 6. Water potential in Campomanesia xanthocarpa Berg seedlings according to hydric 
regime (a), where means followed by distinct letters differ from each other by the Bonferroni t-test 
(p ≥ 0.05), hydric regime and evaluation time (b), where the same lowercase letters do not differ 
from each other for shading by Tukey’s test (p ≥ 0.05) in each evaluation period.

As a general consideration, it was 
possible to observe that the sum of flooding 
and 70% of shading conferred a stressful 
condition to C. xanthocarpa, however, this 
species demonstrated in several aspects the 
physiological plasticity tendency with adaptive 
responses to the conditions established 
in this study. Torezan (2002) observed this 
tolerance also in the region study, highlighting 
the composition and structure of the forest 
in hydromorphic soil, with one of the main 
species being Myrtaceae. The conclusions 
corroborate with those of this work, whose 
plants presented more expressive reduction 
of metabolism, as a strategy of tolerance to 
temporary flooding and adjustment along the 
evaluation times. For shading, C. xanthocarpa 
was classified as secondary (Vaccaro, Longhi, 
& Brena, 1999) or climatic (Lorenzi, 2002), 
which it may explain its higher performance 
under the medium shadow level (30%).

The information obtained with our 
results point to a possible indication of the 
use of C. xanthocarpa for the recovery of 
riparian forests with seasonal flooding, once 
even showing sensitivity under this condition, 
the species showed adjustment or recovery 
to stress. In addition, a certain condition of 
shading is necessary for its establishment 
success. However, new works must be carried 
out for a longer period of evaluation in order 
to verify the effectiveness of adjustment 
and recovery of the seedlings to the tested 
conditions.

We emphasize that, although the 
seedlings have undergone a period of 10 
days of acclimatization to light environments, 
we believe that this time for C. xanthocarpa 
was not enough, once the control seedlings 
presented changes in photosynthetic 
metabolism that characterized adjustments 
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Figure 7. Factor analysis loading plot (F1 and F2 axes) of the measured parameters in Campomanesia 
xanthocarpa Berg seedlings according to evaluation period (0, 15, 30, and 45 days) hydric regime (C: 
control; F: flooding) and shading (0%, 30%, and 70%).  Chlorophyll index (SPAD); number of leaves 
(NL); maximal photochemical efficiency of PSII (Fv/Fm); photosynthetic rate (A); leaf transpiration 
(E); stomatal conductance (gs); internal carbon dioxide (Ci); carboxylation efficiency of Rubisco (A/
Ci); water potential (Ψw).

to the environments of cultivation and that the 
temperature and relative humidity during the 
experiment was within the range of the natural 
environment of the species.

Factorial analysis (FA) 

The first two factors with eigenvalues 
higher than 1 (λi > 1) (Kaiser, 1958), resulting 
from the factor analysis (FA) explained 
together 68.66% of the total variance of 

experimental data, it being the factor 1 (F1) 
and factor 2 (F2) responsible for 51.26% and 
17.40%, respectively.

The Figure 7 shows the eigenvectors of 
the variables in the factorial plane. We adopted  
eigenvectors with factor loadings> 0.70 as 
significance standard. Thus, F1 is represented 
by A (0.966); gs (0.917); NL (0.894); A/Ci (0.878); 
and E (0.863), and F2 represented mainly by Ci 
(0.961).



Jesus, M. V. et al.

3162 Semina: Ciênc. Agrár. Londrina, v. 42, n. 6, p. 3149-3166, nov./dez. 2021

Factor analysis helped to understand 
some results, such as the relation between 
photosynthetic rate and stomatal parameters. 
F1 showed that A and gs were the two variables 
that had contributed the most to the behavior 
of experimental data. In addition, A/Ci was 
also directly related to both, and Ci was not 
significant on this axis, then we believe that 
despite the limitation in the photosynthetic 
rate, with an increase in Ci, it must occur in 
a short term, which decreases the time of 
stress state, demonstrating the ability of C. 
xanthocarpa in the metabolic adjustment 
under flooding stress.

Another important AF result is the 
proximity between A and NL, which although 
NL may be considered a less specific 
parameter, especially when it comes to not 
dominated native species, there was here a 
direct relation with a similar contribution to 
the photosynthetic rate in explaining the total 
variance of data.

Conclusions

Campomanesia xanthocarpa was 
sensitive to flood conditions and full sun and 
high level of shading (70%) in a short period 
(15 days) with damage to the photosynthetic 
apparatus and reduction in the efficiency of the 
photochemical process. However, it presented 
responses for possible adaptation over the 
period of exposure to these conditions. 
Results from the application of multivariate 
factor analysis allowed concluding that the 
direct relationship between photosynthetic 
rate and stomatal conductance formed the 
main factor of metabolic adjustments in the 
tolerance of C. xanthocarpa to flooding and 
high shading intensity. 
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