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ABSTRACT

The acclimatization of orchids is an essential process for the conservation of native species and their
reintroduction into natural environments, contributing to the preservation of biodiversity and ecological
balance. Thus, this study aimed to evaluate the survival and development of Cattleya nobilior, originating
from in vitro cultivation, on the phorophytes Acrocomia aculeata and Butia capitata, in a riparian forest
area within the Cerrado domain in Porto Nacional, Tocantins. For survival, the number of living individuals
at the end of the study was evaluated, and for development, variables such as plant shoot length, number
of leaves, shoots, and roots were assessed over a twelve-month period. Four plants were allocated in each
phorophyte, one per cardinal point (north, south, east, and west). The study reveals that the acclimatization
of C. nobilior was more successful in A. aculeata than in B. capitata, due to more favorable conditions,
especially during the dry season. The orientation of the phorophytes towards the North and West cardinal
points also positively influenced the survival and acclimatization of the orchids. Temperature and humidity
were shown to be key factors during the process, with the rainy season promoting better growth and
development. Thus, it emphasizes the importance of considering the specific characteristics of phorophytes
and the need for more detailed research to understand the interaction between host and associated plants.

RESUMO

A aclimatagdo de orquideas é um processo essencial para a conservacido de espécies nativas e sua
reintroducdo em ambientes naturais, contribuindo para a preservacio da biodiversidade e o equilibrio
ecoldgico. Desse modo, este trabalho teve como objetivo avaliar a sobrevivéncia e o desenvolvimento de
Cattleya nobilior, oriunda de cultivo in vitro nos for6fitos Acrocomia aculeata e Butia capitata, em uma
area de mata ciliar no dominio Cerrado em Porto Nacional, Tocantins. Para sobrevivéncia foi avaliado o
nimero de individuos vivos ao final do estudo e para desenvolvimento foram avaliadas as varidveis,
comprimento da parte aérea da planta, nimero de folhas, brotos e raizes para o periodo de doze meses.
Em cada forofito foram alocadas quatro plantas, uma por ponto cardeal (norte, sul, leste e oeste). O estudo
revelou que a aclimatizagio de C. nobilior foi mais bem-sucedida em A. aculeata do que em B. capitata,
possivelmente devido a condigbes mais favoraveis do tronco, especialmente durante a estacdo seca. A
orientacdo dos foroéfitos para os pontos cardeais Norte e Oeste também influenciou positivamente na
sobrevivéncia e aclimatizacdo das orquideas. A temperatura e umidade mostraram-se como fatores-chave
durante o processo, com o periodo chuvoso promovendo melhor crescimento e desenvolvimento. Assim,
ressalta-se a importancia de considerar as caracteristicas especificas dos forofitos e a necessidade de
pesquisas mais detalhadas para entender a interagdo entre as plantas hospedeiras e as associadas.
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Introduction

The Orchidaceae family corresponds to 70% of epiphytes present in tropical and
subtropical forests (Pridgeon et al., 2009). In the Cerrado phytogeographic domain, this family
appears third among the most representative of plant biodiversity (Mendonca et al., 2008).
This formation contains 705 species, grouped into 125 genera (Barros et al., 2015). One of these
genera is Cattleya, which, according to Silva et al. (2009), it is widely distributed in the tropical
region, occurring from Mexico to Paraguay and is composed of 45 species, 32 of which occur
in Brazil. Species Cattleya nobilior Rchb. f. stands out in the group. This is due to its
characteristics, such as: wide capacity for genetic recombination, structure, with a small size
measuring 5 to 10 cm, beauty, and great durability of its flowers, with a color variation from
light pink to lilac (Silva, 2014). And regarding the habitat, C. nobilior can be rupicolous or
epiphytic (Oliveira, 2021). According to Barros et al. (2015); the species is easily found in the
Cerrado, although it is not exclusive to this formation, as its distribution can be observed from
the Northern Hemisphere to South America.

Oliveira (2021) mentions that, like other orchids, C. nobilior has a perennial life cycle
and is quite specialized; with seed germination in natural environments only occurring when
there is an association with mycorrhizal fungi. This association is necessary because its seeds
have little or no nutritional reserves (Soares, 2012). Furthermore, according to Ferreira and
Suzuki (2008), the production of seedlings is too slow, due to the costly development, given
that these plants require a very long period to reach the reproductive stage.

The slow development, combined with the indiscriminate removal of specimens from
the natural environment and the anthropization of these environments, especially fires and the
removal of native vegetation, results in a significant threat to the survival of the species in these
locations (Silva, 2017). Therefore, for the Orchidaceae family, investigations that propose ways
of acclimatizing laboratory-produced plants in natural environments can serve as tools for
actions aimed at maintaining biodiversity and preserving potentially threatened species or that
are subject to possible threats, such as the C. nobilior (Sherlock, 2009).

In this context, in vitro cultivation techniques for ex vitro production and
acclimatization become fundamental to accelerate and optimize seedling production, aiming
at the conservation of slow-developing species. This is due to the fact that the use of these
techniques allows the production of numerous plants at the same time, requires a not very
large laboratory and obtains a high level of phytosanitary quality (Oliveira, 2018). In the
acclimatization process of orchid seedlings resulting from in vitro cultivation, several factors
play crucial roles in the survival of the individuals. In addition to temperature, humidity and
light intensity, it is important to consider the substrate in which these plants will be fixed,
which in the case of epiphytes this factor is biotic, called phorophyte. Phorophytes are plants
that play the role of support for other plants, which are neither benefited nor harmed by the
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presence of the host plant species. Phorophytes have morphological characteristics suitable for
the maintenance and development of host plants, and there is, therefore, a preference for each
epiphyte species for certain phorophytes (Kampl, 2005).

As examples of phorophytes, palm trees stand out, species from the Arecaceae family,
which have been identified as good hosts for orchids. Many palm trees have, along almost the
entire stem, marcescent sheaths resulting from leaf senescence. These sheaths accumulate
organic matter, coming from fallen material from surrounding plants, and retain water. This
combination of characteristics makes palm trees a favorable environment for the development
of epiphytic orchids during the acclimatization process (Mayo et al., 1997).

Studies that investigate behavior under in vitro cultivation conditions, acclimatization
and reintroduction into natural environments are essential to promote species conservation
and preservation measures. Thus, the objective of this work was to evaluate the survival and
acclimatization of C. nobilior plants in the field, using species Acrocomia aculeata (Jacq.)
Lodd. ex Mart. and Butia capitata (Mart.) Becc. as phorophytes in a riparian forest area. This
approach aims to understand how orchids adapt more efficiently in natural environments, thus

contributing to a conservation strategy.

Materials and Methodology

This study was conducted in the Cerrado domain, in the riparian forest
phytophysiognomy (Ribeiro and Walter, 2008), on the Pingo de Ouro farm (Figure 1) located
in the Santo Antonio Settlement, municipality of Porto Nacional (10° 41’ 05.5” S and 48° 17’
46.7"” W). The region's climate is seasonal tropical (Aw) according to the Koppen classification
(Alvares et al., 2013), with a well-defined dry and rainy season, where the rainy period extends
from October to April and the dry period from May to September, with average annual
precipitation of 1500 mm (INMET, 2023).

For acclimatization, 80 individuals of C. nobilior were used, originating from in vitro
cultivation at the In vitro Plant Cultivation Laboratory, of the Environmental Studies Center
(NEAMB), Porto Nacional Campus of the Federal University of Tocantins (UFT). The orchids
were removed from the bottles and washed in running water to remove the culture medium
adhered to their roots and transferred to transparent plastic containers measuring 30.5 cm
long x 18.5 cm wide and 8.7 cm high. The substrate mixture was composed of pine bark and

commercial substrate Ouro Negro (Aparecida de Goiania, GO) in a ratio of 50:50 (v/v).
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Figure 1.
Location of the study area at Chacara Pingo de Ouro, Santo Anténio Settlement, in the

municipality of Porto Nacional — TO. Composition on Google Earth™ image
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The substrate was moistened after transferring plants, and bottles were kept closed in
the growth room for 30 days. After this period, the lid of the pot was simply loosened, and was
gradually opened over the next seven days until they were completely open. Then, plants were
transferred to individual plastic pots (7 cm height x 6 cm basal diameter), containing the same
substrate, in same proportions mentioned above. These were kept in a room with a
temperature of 25 °C, with a photoperiod of 16 hours, for a period of 30 days. During this period
of time, the plants were watered as needed, when the substrate appeared to be almost dry.

After this period, plants were transferred to the nursery, with natural temperature and
humidity conditions and covered by a shade, reducing light intensity by 75%. Plants remained
in this location for 60 days, until they were adapted to conditions of the natural environment,
measuring approximately 3 cm in length.

In the field, plants were fixed on phorophytes A. aculeata and B. capitata, with an
individual of C. nobilior being fixed at each cardinal point of the phorophyte (North, South,
East and West), using a compass. Thus, the experimental design used was completely
randomized, in a 2x4 factorial scheme (two phorophytes per four cardinal points), with ten
replications.

Individuals used as phorophytes are native plants, whose arrangements and distances

from each other vary naturally in the environment, and measure at least 10 c¢cm in
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circumference, as proposed by Endres Junior et al. (2018). When plants were fixed to the stem
of phorophytes at an average height of 170 cm above the ground, the length of the largest leaf
was measured, as well as the number of leaves and roots.

The survival rate of C. nobilior was calculated 12 months after transferring plants to
phorophytes, based on the number of living individuals. To evaluate development, the
following morphological variables were used: length of the aerial part (distance between the
rhizome and the apex of the longest leaf, cm), number of leaves, number of shoots formed and
number of roots formed. This data was measured every three months for a period of one year.

Temperature, humidity and luminosity were also measured monthly, using a digital
thermo-hygrometer, positioned next to phorophyte species by cardinal point. Data regarding
rainfall were obtained from the National Institute of Meteorology (INMET), from the
meteorological station located in Porto Nacional — TO.

Statistical analyzes were conducted using the BioEstat 5.0 program and graphs with
Python scripts (version 3.11.4), with the help of the SciPy, Matplotlib and NetworkX libraries.
Treatments were compared using the Kruskal-Wallis test, followed by Dunn's test, with a
significance level of 5%. The choice of these non-parametric tests is due to the lack of normality
in some of the variables analyzed, as verified by the Shapiro-Wilk test, which makes the use of
parametric tests unfeasible. Furthermore, a correlation study was conducted involving
morphological variables and climatic data using Spearman's correlation, which is also a non-
parametric method suitable for data that do not follow a normal distribution. The significance
of Spearman correlations was tested with the t test at 5% probability. From the resulting
correlation matrices, network graphs were created to better visualize relationships between

variables.

Results and Discussion

Twelve months after transfer to phorophytes in the field, it was observed that the
highest average survival rate of C. nobilior was in the phorophyte A. aculeata, with 65%, while
in Butia capitata orchids showed an average survival of 27.5% (Chart 1).

Acclimatization consists of a climatic adjustment of orchids, through their progressive
transition from in vitro conditions to an external, ex vitro environment (Silva et. al., 2017).
One of the biggest problems encountered in this process is the difficulty in transferring from
controlled to uncontrolled media and the high rate of plant mortality in this process, generated
by the discrepancy in environmental conditions between the media (Chandra et al., 2010).
Mayer et al. (2008) state that plants from in vitro cultivation, when transferred to ex vitro
cultivation, undergo anatomical, morphological and physiological changes that influence
development and survival in the new environment, with the ability to revert anatomical
characteristics being the main factor that will enable a satisfactory rate of seedling survival

during the acclimatization process.
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Chart 1
Comparison of the survival and morphometry of C. nobilior in two species of phorophytes (A.
acuelata and B. capitata) in different cardinal points and evaluation months, from February

2022 to February 2023 in Porto Nacional — TO.

A. aculeata Survive Comp. leaf Leaves Sprouts Roots (un)
(%) (cm) (un) (un)

Cardinal points:

North 60,0 3,65+0,12a 3,27+0,54a 161+0,30a 4,06+0,40a

South 60,0 3,60 £ 0,13 2,44+0,47a 134+044a 3,12%0,17b

East 60,0 2,83+0,19b 2,59+0,38a 1,65+0,36a 3,71+ 0,34 ab

West 80,0 2,04+ 0,08b 2,74+043a 1,09 £ 0,35a 3,15+ 0,16 b

Average 65,0

Evaluation:

Feb/22 100,0 3,01+0,18a 3,75+0,37a = --———- 3,08 + 0,65 a

May/22 75,0 3,05+0,28a 2,15+0,23a 0,88+0,16b 3,39 + 0,40 a

Aug/22 70,0 3,22+0,21a 1,99+0,18a 1,18+0,14ab 318+ 0,23a

Nov/22 67,0 3,33+£0,18a 2,04+0,04a 1,16+0,15ab 339+0,23a

Feb/23 65,0 3,63+0,28a 3,87+0,06a 248+0,12a 439+0,41a

B. capitata

Cardinal points:

North 40,0 4,67+0,103a 3,42+0,39a 1,38+0,38b 3,74+0,32a

South 10,0 1,67+0,39b 2,50+0,61a 1,08+0,34b 2,97+0,42b

East 40,0 3,05 £ 0,14 3,18+ 0,77a 0,81+0,51b 2,87+0,40b

West 20,0 528+0,38a 3,14+a0,44 1,75+0,43a 3,02+0,54b

Average 27,5

Evaluation:

Feb/22 100,0 3,70+0,28a 4,90+0,20a = --——-- 4,32 + 0,23 a

May/22 35,0 3,48+ 0,97a 242+043a 0,63+0,21a 3,01+ 0,42a

Aug/22 35,0 3,61+0,09a 228+0,26a 0,92+0,27a 2,17+a0,29

Nov/22 27,5 3,58+0,93a 2,14+0,22a 1,00+£0,20a 1,64 +a0,28

Feb/23 27,5 3,08+0,08a 3,60+031a 246+0,21a 3,56+a0,33

G. averages:

A. acuelata 65,0 3,25a 2,76 a 1,42 a 3,66 a

B. capitata 27,5 2,67 a 3,08 a 1,25a 3,15 a

* Values followed by the same letter in the column indicate that samples do not differ from each other
at 5% probability using the Kruskal-Wallis test, followed by the Dunn test.

The initial hypothesis suggested that the survival and development of C. nobilior plants
would be greater in B. capitata, since the phorophyte has sheaths that extend throughout
almost the entire stem, which results in the accumulation of organic matter, coming from
leaves and twigs of other nearby species, in addition to the decomposition of the sheath and
retained organic matter, which provides greater water retention, resulting in a favorable
microclimate for orchids. However, this hypothesis could not be supported, and it was in the

phorophyte A. aculeata that greater survival of C. nobilior was observed. This may have been
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due to characteristics of its stem, which has indentations that closely resemble the sphagnum
substrate, a type of moss widely used in orchid cultivation and which has a great water
retention capacity (Zandora et al., 2014). The stem with these characteristics, according to
Schmitz et al. (2002), in a study with Aspasia principissa Rchb. f., also provided, during the
acclimatization and reintroduction phase, water conditions favorable to the survival of plants
hosted there.

The percentage of survival of C. nobilior individuals in phorophytes studied also varied
according to geographic positioning (North, South, East and West), with a higher survival rate
being observed in A. aculeata in the West quadrant, while in B. capitata it occurred greater
survival in the North and East quadrants (Chart 1).

In the phorophyte A. aculeata, the length of the C. nobilior leaf was greater in the North
and South quadrants. On the other hand, in B. capitata the greatest growth was observed in
the North, East and West quadrants. Leaf length did not show significant differences in
different months of evaluation, both for plants fixed in A. aculeata and for those in B. capitata
(Chart 1).

It can be seen that, in A. aculeata, there was a tendency for leaf length to increase over
time, although not significant. In the B. capitata phorophyte, there was initially a decreasing
trend, probably related to leaf senescence and then a recovery trend, indicating that this
variable in this phorophyte had a more difficult field acclimatization process. During
acclimatization, the stress arising from the process of moving from the nursery to the field
generates a series of anatomical, physiological and morphological changes, such as roots that
are still fragile for the adequate transport of nutrients (Faria et al., 2012). Another factor that
may have corroborated this trend of decreasing leaf size are climatic factors, since in the third
and fourth quarters of evaluation the air humidity is lower and the temperature rises in the
study area (Chart 2), indicating seasonal growth for this species. This seasonality is an
adaptation mechanism of plants that cease growth and physiological activities to reduce the
influence of extreme environmental conditions.

In the general comparison between leaf length averages, no significant differences were
found between C. nobilior fixed on A. aculeata and B. capitata, with their averages being 3.25
and 2.67 cm, respectively (Chart 1). Although differences are not significant, it is observed that
leaf growth was more pronounced in the period from August/2022 to February/2023, possibly
caused by the beginning of the rainy season, as the first significant rains in the region after the
dry season were recorded in month of October (Chart 2). This result was probably caused by
the development of roots, which provides greater water absorption, minimizing dehydration
and, as a consequence, allows for greater net assimilation of CO2, development and survival of

the plant (Souto et al., 2010).
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Chart 2
Temporal and spatial analysis of environmental conditions and the growth of C. nobilior in
phorophytes A. aculeata and B. capitata, from February 2022 to February 2023 in Porto
Nacional — TO.
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The amount of C. nobilior leaves was not significantly influenced by their positioning
at different cardinal points in both phorophytes. There were also no significant differences in
relation to the number of leaves in the different months of evaluation (Chart 1). However, a
tendency to reduce the amount of C. nobilior leaves can be seen in both phorophytes from the
second quarter of evaluation onwards, indicating that there was a loss of leaves during the
acclimatization process. One year after implementing the experiment, the amount of leaves
returned to its initial level. The response to stress caused by the environment, such as low
humidity, as well as the acclimatization process, can induce the plant to enter a phase of leaf
senescence (Faria et al., 2012), a mechanism that guarantees plant survival. The general
average of leaves of C. nobilior in phorophytes A. aculeata and B. capitata also did not differ
significantly, with averages being 2.76 and 3.08 leaves per plant, respectively (Chart 1).

In the phorophyte A. aculeata, there was no significant difference in relation to the
number of C. nobilior shoots in the different cardinal points. However, in the phorophyte B.
capitata, a greater number of shoots were observed in the West cardinal point. There was a
tendency for the number of shoots to increase over time in both phorophytes. However, the
difference between months of evaluation was significant only in A. aculeata, where it was
found that there were fewer shoots in the month of May. In general, the average number of
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shoots in C. nobilior did not differ between two phorophytes, being 1.42 shoots.plant-1 in A.
aculeata and 1.25 shoots.plant-1 in B. capitata (Chart 1).

The number of roots in C. nobilior plants varied according to the cardinal point in the
A. aculeata phorophyte, being higher in the North (4.66) and East (3.71) cardinal points (Chart
1). In B. capitata, the greatest number of roots was observed in the North cardinal point. There
were no significant differences in root length in relation to the months of evaluation in both
phorophytes. Although in B. capitata a trend of decreasing roots was observed in the
intermediate evaluation months (May/22, August/22 and November/22). However, it can be
seen that there was no significant root growth during the experiment, with the general average
being 3.66 cm for A. aculeata and 3.15 cm for B. capitata.

Rooting is crucial for the survival of orchid individuals, as it allows for increased
absorption and storage of water, nutrients and association with fungi (Slump, 2004). It is also
important to highlight that the root performs the function of supporting plants in phorophyte
species and in these circumstances, for Seeni and Latha (2000), damage to plant roots
negatively influences the acclimatization process.

Roots of epiphytic orchids have a layer of dead, spongy cells known as the velamen.
During the dry season, this layer is crucial for absorbing air and water from dew, which are
stored for plant survival. During the period of greatest precipitation, high ambient humidity
improves the absorption capacity of the roots, favoring the development of orchids. These
effects were observed in the final phase of the study, as highlighted by Moreira et al. (2013).
Similarly, Dorneles and Trevelin (2011) found comparable results in their study on the
acclimatization and reintroduction of Cattleya intermedia. They noticed growth and the
emergence of new leaves only at the end of a year of study.

In relation to the arrangement of orchid plants by cardinal points, the North point
stands out in the phorophyte A. aculeata and B. capitata. A condition that can be explained by
the fact that the luminosity at this point is greater than at the others, since, despite the cover
of phorophyte canopies presenting shading, this point is the one that receives light intensity
during most of the day, as the Sun, when moving in an East-West direction, gradually passes
over the entire surface of the plant. Furthermore, it is known that the Cattleya genera and
their hybrids prefer brighter locations (Takane et al., 2006).

In the phorophyte B. capitata (Chart 3), it is observed that temperature is negatively
correlated with all morphological variables, mainly with leaf length, where there is a negative
and significant correlation (r = 0.65, p <0.01). This means that the higher the temperature
there is a tendency for the length of the leaves, number of leaves, roots and shoots to be smaller.
Luminosity did not correlate strongly with morphological variables. On the other hand, the
higher the humidity and precipitation, the higher values tend to be observed in the

morphological variables.
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Chart 3

Network graph generated from the Spearman correlation matrix, including morphological variables
(leaf length - CF, in cm; number of leaves - NF; number of shoots - NB; number of roots - NR) and
climatic parameters (temperature - TEMP (°C); humidity - UMD (%); luminosity - LUM (umol/m2/s);
rainfall - PREC (mm), for C. nobilior in the phorophytes B. capitata (A) and A. aculeata (B) obtained
in the region of Porto Nacional, Tocantins.
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A significant correlation was observed between leaf length and number of shoots (r =
0.74, p < 0.01), indicating a positive association between these variables. This result suggests
that the increase in shoot number is associated with a corresponding increase in leaf length.
Furthermore, there was a positive correlation between the number of shoots and the number
of roots (r = 0.65, p < 0.01), reinforcing the favorable relationship between shoot growth and
root development.

In the phorophyte A. aculeata, temperature was also negatively correlated with
morphological variables, mainly with the number of roots (r=-0.80, p<0.001). It can be seen
that the variables number of roots and number of shoots were positively correlated with
parameters humidity, light and precipitation.

Comparatively, between two phorophytes studied, a similar pattern of correlations
between morphological variables and climatic parameters is observed. In both phorophytes,
there is a significant negative correlation between temperature and morphological variables,
particularly leaf length. This suggests that an increase in temperature is associated with a
corresponding decrease in leaf size, as well as the number of leaves, roots and shoots, in both
the phorophyte B. capitata and A. aculeata. Furthermore, both increased humidity and
precipitation are positively correlated with morphological variables in both phorophytes.

However, a notable difference is observed in the correlation between the number of shoots and
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the number of roots, which is positive only in the phorophyte B. capitata. Despite similarities
in general trends, specific differences in correlations between phorophytes highlight the
complexity of interactions between environmental factors and morphological characteristics

of orchid species studied.

Final Considerations

In the phorophyte B. capitata, C. nobilior plants faced greater difficulties in the
acclimatization process in relation to leaf growth, greater senescence and impacts generated
by the dry season, which in the end resulted in lower survival. It can be concluded that the
phorophyte species A. aculeata provided better conditions for acclimatization, survival and
development for C. nobilior. In general, the North and West cardinal points provided greater
survival and better acclimatization of C. nobilior.

It is observed that temperature and humidity are climatic variables that have the
greatest influence on the entire process of acclimatization, survival and development, since the
best growth results, increase in the length of the aerial part, emergence of new shoots and
increase in the number of roots were verified in the rainy season, where temperatures are mild
and air humidity is high.

Data was not found in the literature on the acclimatization and development of
Cattleya nobilior or any other species of the Orchidaceae family, with reference to their
positioning by cardinal points in phorophytes. Therefore, there is a clear need to carry out
other studies with this and other species of orchids, using the methodology of arranging
phorophytes in relation to the cardinal points.

Thinking about results presented, it is noticeable that variations in climatic conditions
play a significant role in the morphology and survival of orchid species in the acclimatization
process. Both the phorophytes B. capitata and A. aculeata demonstrated a negative correlation
between temperature and morphological variables, indicating an adaptive response to warmer
environmental conditions. On the other hand, increased humidity and precipitation seem to
favor the development of morphological characteristics in both species. The presence of
positive correlations between shoot number and root number only in the phorophyte B.
capitata suggests subtle differences in growth strategies between species.

This present study highlights the importance of considering not only general
characteristics of phorophytes, but also their specific characteristics, such as stem structure,
when evaluating their suitability as hosts for other plant species. Furthermore, it highlights the
need for more detailed research to better understand the mechanisms involved in the

interaction between host plants and associated species.
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