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Influence of container type and volume on the
production of Calophyllum brasiliense and Cariniana
estrellensis seedlings for recovery of degraded areas

Influéncia do tipo e volume do recipiente na producao
de mudas de Calophyllum brasiliense e Cariniana
estrellensis visando a recuperacao de areas
degradadas

Tania Fontana Dias’; José Ricardo Macedo Pezzopane?; Fabio Ribeiro Pires?,
Adriel Lima Nascimento**; André Orlandi Nardotto Junior®

Highlights

The ideal container volume is essential for the development of plants in the field.
Seedling production is a crucial process that ensures optimal field performance.
For Calophyllum brasiliense, it is recommended to use 180-cm? tube containers.
For Cariniana estrellensis, using a 280-cm? tube container is recommended.

Abstract

Owing to the growing demand for seedlings of native forest species and interest about their behavior
in nurseries, this study aimed to assess the effect of container volume on the growth and quality of
Calophyllum brasiliense (guanandi) and Cariniana estrellensis (jequitiba-branco). The experimental
design employed randomized blocks with four replicates and five container treatments, comprising 53-,
115-, 180-, and 280-cm? tubes as well as a 560-cm? plastic bag. Each species was used in independent
experiments. The cultivation period lasted 150 d, after which various biometric parameters (shoot
height, stem diameter, and leaf area) and quality indicators of the seedlings (height-to-diameter ratios,
aerial and root dry biomass, and Dickson Quality Index) were evaluated. C. brasiliense seedlings
demonstrated statistically similar results among the mean values for all evaluated parameters in the
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180-, 280-, and 560-cm? containers. For C. estrellensis, the mean values of most of the assessed
parameters were similar for the 280- and 560-cm? containers. Therefore, using 180- and 280-cm? tube
containers for C. brasiliense and C. estrellensis, respectively, is recommended because of their smaller
spatial requirements, reduced substrate costs, and increased production capacity.

Key words: Guanandi. Jequitiba-branco. Seedling quality. Container seedlings. Container volume.

Resumo

Devido ao aumento da demanda por mudas de espécies florestais nativas e a necessidade estudos
sobre o comportamento destas espécies em viveiro, objetivou-se avaliar a influéncia do volume do
recipiente no crescimento e na qualidade de mudas de Calophyllum brasiliense (guanandi) e Cariniana
estrellensis (jequitiba branco). O delineamento utilizado foi blocos casualizados, com quatro repeticoes
e cinco tratamentos, compostos por recipientes de capacidade volumétricade 53, 115, 180, 280 e 560
cm? (cada espécie constituiu um experimento independente). As espécies foram cultivadas por 150
dias e ao final avaliaram-se parametros biométricos (altura da parte aérea, didmetro de coleto e area
foliar) e indices que indicam a qualidade das mudas (relagbes altura e didmetro de coleto, biomassa
seca aérea e radicular e o Indice de Qualidade de Dickson). As mudas de C. brasiliense apresentaram
semelhanca estatistica entre as médias dos tubetes de 180, 280 cm? e 0 saco de 560 cms3, para todos
0s parametros avaliados. Para a espécie C. estrellensis, as médias do tubete de 280 cm?3 e do saco
de 560 cm? foram similares na maioria dos parametros avaliados. Dessa maneira, o uso do tubete de
180 cms, para C. brasiliense, e de 280 cmé3, para C. estrellensis, sdo indicados devido ao menor espaco
ocupado, a reducao dos custos com substrato e ao aumento da capacidade produtiva.
Palavras-chave: Guanandi. Jequitiba-branco. Qualidade de mudas. Recipiente de mudas. Volume de
recipiente.

Introduction

The Atlantic Forest is a Brazilian
biome with great botanical diversity and is
recognized as one of the global biodiversity
hotspots. The intense changes in land
use and occupation in Brazil threaten the
continued existence of this biome (Silva et
al., 2020). Restoration of the Atlantic Forest
has become increasingly necessary owing
to constant deforestation of the biome. In
the first half of 2022, more than 210 km?2 of
area belonging to the biome was deforested
(SOS Mata Atlantica, 2023). Planting of native
seedlingsisausefultoolforforestrestoration,
which aims not only to re-establish the former
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"natural” state of the environment, but also
to recompose the structure, processes, and
desired species; reconstruct communities;
restore soil characteristics; and support
species replacement during successions
(Stanfurt et al., 2014).

Seedling production is a crucial
forestry process that ensures optimal field
performance. The use of container seedlings
has been widely explored; however, to obtain
high-quality = seedlings, implementation
of appropriate techniques that consider
essential factors, such as container volume,
substrate quality, and nutritional and water
requirements, is necessary (Landhausser et
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al., 2019). Seedling quality directly influences
seedling survival and growth in the field,
thereby affecting the overall success of
forest recomposition (Melo et al., 2018).

The demand for high-quality native
seedlings has been increasing owing to
the need for environmental compensatory
measures and the potential of these
species to restore degraded areas, support
revegetation, and enhance the environmental
suitability of rural properties (Acevedo et al.,
2021). The introduction of high-quality native
seedlings expedites the natural regeneration
process (Vloon et al., 2022), and evaluation
of the ideal tube size is an initial and crucial
step in the development of good seedlings
for forest restoration projects.

Several studies have been published
on the optimal tube size for native seedlings
(Oliveira et al., 2019; Aghai et al., 2014).
Determining the optimum container volume
for native species, particu-larly endangered
species, is essential for ensuring the proper
development of plants in the field (Chu et
al., 2020). In recent years, numerous studies
have been published on the production of
seedlings and plants from various native
species, including: Baobab native to Africa
(Salami et al., 2020); Austrian pine (Pinus
nigra), Scottish pine (Pinus sylvestris), and
Maritime pine (Pinus pinaster) native to Eu-
rope (Kolevska et al., 2020); Canafistula
(Peltophorum dubim) native to America
(Massad et al., 2017); and red seed tree
(Ormosia hosiei), Zhejiang phoebe (Phoebe
chekiangensis), Zhejiang cam-phor
(Cinnamomum japonicum), and red bark oak
(Cyclobalanopsis gilva) native to Asia (Chu et
al., 2020).
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Certain species, such as guanandi
(Calophyllum brasiliense), which naturally
occurs in Central and South America and
jequitiba-branco (Cariniana estrellensis),
which is recommended for riparian forest
restorationin Brazil, have significant potential
in reforestation programs (M. L. F. Andrade &
Boaretto, 2019; Silvaetal., 2020). In particular,
guanandi holds economic value for civil
construction, carpentry, and shipbuilding in
Brazil (Sousa et al., 2021).

Recognizing the importance of tree
species reinforces the need for suitable
seedlings capable of withstanding adverse
field conditions (Di Sacco et al, 2021).
The establishment and development of
trees with beneficial characteristics begins
with an understanding of the species and
production of high-quality seedlings for
transplantation. The volume and shape of
the container directly influence nutrient
and water availability, thereby affecting
seedling quality. Larger container volumes
facilitate a better root system architecture
(Schorn et al., 2019). However, the use of
larger containers significantly increases the
production, maintenance, and distribution
costs (Marco et al., 2019). Conversely,
reducing container volume while fulfilling the
minimum threshold promotes root system
differentiation, increases the number of
radicles and absorbent hairs, and improves
nutrient uptake (Aradjo et al., 2018).

Despite the extensive literature
on seedling production, few studies have
addressed the fundamental question of
determining the optimal container volume for
native forest seedling production. Therefore,
this study aimed to evaluate the effects of
container volume on the growth and quality
of C. brasiliense and C. estrellensis seedlings.
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Materials and Methods

Experimental area

The research was conducted in an
open-air commercial nursery located in the
coastal region of southern Bahia, with an
average altitude of 18.9 m, on the border
between the municipalities of Teixeira de
Freitas and Caravelas (17°31'08" S and
39944'30" W). The climate of this region,
classified as type "Af" according to Képpen,
is characterized as hot climate. The region
experiences well-distributed rainfall
throughout the year, with a historical annual
average of 1,411 mm and average annual
temperature of 23.1 °C (Instituto Nacional de
Meteorologia [INMET], 2023). According to
Almeida et al. (2020), this region belongs to
the Atlantic Forest biome and has vegetation
typical of dense rainforests.

Collection and storage of seeds, sowing,
pricking, and transplanting

Seeds of the two study species
were collected based on their fruiting
and maturation periods, considering the
autecology of each species. The mother
trees used to obtain seeds were located in
the remnants of the Atlantic Tropical Forest
in the coastal region of southern Bahia.

Upon their removal from the fruits,
the seeds were kept at ambient temperature
and protected from direct sunlight for 72
h. Subsequently, the seeds were stored
in a plastic bag in a cold chamber at 10
+ 1 °C and 75 + 3% relative humidity. For
the seedbed, sowing was performed on a
0.20-m layer of coarse sand. C. brasiliense
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(guanandi) and C. estrellensis (jequitiba-
branco) were sown under complete sunlight
conditions at a density of 2.5 kg m2 and 1.5
kg m=2, respectively. Seedbeds were used for
germination and subsequent transplantation
because of the common non-uniformity of
germination among native forest species.

After sowing, the seedlings were
carefully removed and stored in containers
containing water to prevent wilting until
transplantation. Root pruning was performed
on the seedlings. Seedlings of both species
were transplanted from the sowing site into
containers based on the emergence of the
first pair of cotyledonary leaves. Seedlings
of similar height and stem diameter were
standardized for each species. Only plants
with good phytosanitary and physical
properties were selected for transplantation.

Experimental design, containers, and
substrate

The experimental design was
a randomized block, with treatments

consisting of five volumes of containers
(53-, 115-, 180-, and 280-cm?® tubes and
a 560 cm3-polyethylene bag) arranged
in four replicates with 54 plants per plot.
Owing to the autecology of each species,
experiments were conducted separately
for each species. The containers used in
this study were identical to those employed
for the commercial production of native
forest species (Andrade et al., 2021; Marco
et al., 2019). Details regarding the specific
characteristics of these containers are
provided in Table 1 and visual representation
is provided in Figure 1.
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Table 1
Treatments based on the volumetric capacity of the containers

Upper Bottom number Volume
Treatment Container Diameter  diameter of stretch (cm?)
(mm) marks

T1 tube Conical 12 28 12 4 58

T2 tube Conical 16 38 15 4 115

T3 tube Conical 15 52 13 4 180

T4 tube Conical 20 52 13 4 280

T5 polyethylene bag  Cylindrical 18 60 60 0 560

T1 T2 T3 T4 TS5

Figure 1. Containers used in this study.

The commercial substrate Mecplant  vibratingtable. The chemical characterization
Forestral was used in this study. To ensure of the substrate was conducted prior to the
consistency, the substrates were sieved and incorporation of the base fertilizer (Table 2).
homogenized. The containers werefilled on a
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Table 2

Chemical characterization of Mecplant Florestal substrate

g kg™ mg dm=

Experiment management

For irrigation purposes, a micro-
sprinkler system with a flow rate of 420 L
h™' was used. Fertilization practices was
conductedaccordingtothe chemicalanalysis
of the substrate used and the individual
requirements of the plants, following the
fertilization routine employed by commercial
nurseries (Dias, 2011).

The plants were cultivated for 150 d
and divided into the following three sectors.
In the initial sector (the rooting sector),
plants were kept in a greenhouse for 20 d,
with 50% shade cover on the roof and sides.
Following this, C. brasiliense plants were kept
in the growth sector for 45 d, whereas C.
estrellensis plants were kept there for 75 d.
During this stage, the plants were maintained
under 50% shade until they reached a height
of approximately 15.0 cm and diameter
of approximately 3.0 mm. The plants were
then moved to the hardening sector, where
they were exposed to sunlight and irrigation
for 15-20 min, depending on the prevailing
weather conditions. The duration of the
hardening phase was 85 and 55 d for C.
brasiliense and C. estrellensis, respectively,
until they reached a height of >20 cm and
a stem diameter of >4 mm (Gomes et al.,
2003). Variations in the duration of stay in
the nursery sector for each species were

1230

Cmol_Kg™
Substrate 7,40 209 490 3.0 2,9

81 0,8 202 0.8 40 7,2

attributed to their unique growth patterns
and physiological characteristics.

Evaluation of seedling growth

Seedling growth was assessed on
the basis of biometric and morphological
variables, dry biomass production, and other
indices. The plant height and stem diameter
of 15 central plants randomly selected
from each plot were evaluated at 30, 60,
90, 120, and 150 d after transplantation.
The transplantation event marked the
starting point for practical purposes and an
evaluation was conducted during this period.
Height was measured in centimeters using
a graduated ruler positioned between the
substrate level and the apical meristem of the
plant. The collar diameter was measured in
millimeters using a graduated digital caliper
and analyzed at the substrate edge following
the methodologies employed by Sa et al.
(2023) and Tumpa et al. (2021).

On day 150 post-transplantation,
the same 15 plants from each plot were
sectioned at the height of the stem, and their
leaf areas were determined using a digital
image processor (CI-203CA, Laser Leaf Area
Meter; CID Bioscience, Camas, WA, USA). The
substrate was removed from the container
and sieved using two overlapping 1-mm
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sieves to separate the roots, which were then
thoroughly washed to remove the substrate
without damaging the roots. Both the aerial
parts (leaves and stem) and root system were
dried in an oven with forced air circulation at
70 °C, until they reached a constant mass.

The total dry biomass (TDB) was
calculated by summing the aboveground
and root dry biomass values. The ratio of
aboveground to root dry biomasses (ADB/
RDB) was also determined. The shoot height-
to-stem diameter (H/SD) ratio was calculated
and the Dickson quality index (DQI) was
determined based on these morphological
relationships (Dickson et al., 1960). DQI was
derived from the ratio of total dry biomass
(TDB) to the sum of two ratios: shoot height
(H) to stem diameter (SD) and aerial dry
biomass (ADB) to root dry biomass (RDB).

DOl = TDB (g)

[H (cm)/SD (mm)] + [ADB (g)/RDB (g)]

Statistical analysis

The collected results were subjected
to analysis of variance (ANOVA) using the
F-test at significance levels of 1% and 5%.
Mean values were compared using Tukey's
testatasignificance level of 5%. All statistical
tests were performed using the R software
(version 4.2.1; R Core Team, Vienna, Austria)
(R Core Team [R], 2023).
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Results and Discussion

Container volume influenced the
growth of C. brasiliense (guanandi) seedlings
interms of H, SD, and H/SD ratios during most
of the evaluated period. Only SD at 30 d and
H/SD at 30 and 90 d did not show significant
differences among the mean values of the
treatments (Table 3).

On the evaluation dates, when
significant differences were observed,
higher mean values were observed among
treatments with larger container volumes
(180, 280, and 560 cm3). During evaluation
at 30 d only, the plants grown in the 560-cm?
plastic bags showed the lowest H values
in comparison to the other treatments. In
later evaluations, the highest averages
corresponded to the largest recipients. The
highest H values corresponded to tubes
of 115, 180, and 280 cm?® volume and the
plastic bag of 560 cm? volume after 150 d
of capping, with no differences among the
mean values of these treatments.

The reduction in shoot development
rate at 150 d, compared to 120 d, resulted
in @ minor increase in H values, mainly in
seedlings grown in smaller containers, due to
root development and the limited amount of
available substrate, providing less nutrients
for development; in other words, there was
less room for root growth in the final 30 d,
which affected seedling growth.
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Table 3

Shoot height (H, cm), stem diameter (SD, mm), and height/stem diameter ratio (H/SD) of C. brasiliense
(guanandi) seedlings, as a function of container volumes, throughout their growth in the nursery

Variables Container volume(cms3)
Biometrics Fc (5%) CV(%)
30 days’
H (cm) 15,11ab 15,20ab 16,03a 16,76a 14,07b 7,67* 4,75
SD (mm) 2,85a 2,73a 2,84a 3,01a 2,66a 2,12 6,63
H/SD 5,35a 5,57a 5,63a 5,56a 5,30a 0,92 5,66
60 days
H (cm) 19,88b 20,51ab 21,55ab 21,92a 20,37ab 3,64* 4,29
SD (mm) 3,30a 3,34a 3,46a 3,53a 3,00b 9,40* 3,96
H/SD 6,02b 6,14b 6,21b 6,22b 6,79a 8,14* 3,32
90 days
H (cm) 2341c 24,37bc 25,43abc 26,18ab 26,92a 7,15% 4,14
SD (mm) 3,67b 3,68b 3,94ab 4,05a 3,87ab 4,54* 4,06
H/SD 6.41a 6,63a 6.45a 6.47a 6,95a 1,64 5,32
120 days
H (cm) 28,06¢ 32,97b 34,14b 34,89ab 37,82a 19,14* 4,68
SD (mm) 4,07c 4,29bc 4,71ab 491a 4,87a 14,22* 4,29
H/SD 6.90b 7,69ab 7,25ab 7,10ab 7,77a 5,29* 4,49
150 days
H (cm) 28,4b 33,74ab 35,36a 35,39a 40,07a 8,04* 8,55
SD (mm) 4,52b 4,69b 5,19ab 4,98ab 5,67a 6,87* 6,84
H/SD 6.31b 7,18a 6,82ab 7,08a 7,07a 4,96* 4,59

Mean values followed by the same letter in the lines do not differ significantly according to Tukey's test at 5% probability
level. 'days after capping.
* indicates the significance of the variables at the 5% level.

The volume of the container also
affected the growth of C. estrellensis
seedlings, which differed among treatments.
No differences were noted between the mean
values of the treatments for H at 30 d and H/
SD at 60 d (Table 4). On day 30 no statistically
significant difference was observed in the H
variable, indicating that the treatments had
similar mean values despite the different
container volume. However, the other
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variables showed significant differences
among treatments. During subsequent
evaluations, the highest mean values were
consistently recorded in the containers with
the largest volumes. At day 150, the highest
mean values were obtained for the 560-
cm?® treatment, followed by the 280-cm?®
treatment, which did not significantly differ
from the 53- and 115-cm? treatments, except
for the H/SD ratio.
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Table 4

Shoot height (H, cm), stem diameter (SD, mm), and height/stem diameter ratio (H/SD) of Cariniana
estrellensis (Jequitiba-Branco) seedlings as a function of container volumes, throughout their growth
in the nursery

Variables Container volume(cms3)
Biometrics Fc (5%) CV(%)
30 days"
H (cm) 6,19a 6.26a 6.01a 5,98a 6,36a 1,15 4,92
SD (mm) 2,00b 2,09ab 2,17a 2,14a 2,13ab 4,95* 2,73
H/SD 3,09a 2,99ab 2,78b 2,79b 2,99ab 5,19* 4,13
60 days
H (cm) 8,72b 9,01ab 9,23ab 10,26ab 10,49a 4,86* 7,44
SD (mm) 2,61b 2,86a 2,93a 3,02a 3,04a 12,05* 3,43
H/SD 3,34a 3,16a 3,15a 3.39a 3,45a 2,75 5,03
90 days
H (cm) 13,08d 15,77cd 16,51¢c 22,77b 26,82a 71,38* 7,02
SD (mm) 3,43d 3,80c 4,12bc 4,49a 4,26ab 29,07* 3,79
H/SD 3.81c 4,16¢ 4,01c 5,08b 6,30a 33,02* 7,71
120 days
H (cm) 16,38d 22,66¢ 22,11c 29,81b 38,49a 128,77* 5,79
SD (mm) 3,99c 4,30c 4,92b 5,18ab 5,52a 54,15* 3,58
H/SD 4,09¢c 5,28b 4,50c 5,75b 6,98a 70,14* 5,09
150 days
H (cm) 23,48¢c 27,05¢ 27,48c 36,98b 53,33a 68,10* 8,70
SD (mm) 4,43e 4,97d 5,61c 6,20b 6,68a 146,8* 2,69
H/SD 5,40bc 5,44bc 4,90c 5,97b 7,98a 27,35* 7,84

Mean values followed by the same letter in the lines do not differ significantly according to Tukey's test at 5% probability
level. 'days after capping.
*indicates the significance of the variables at the 5% level.

In a previous study, seedlings of tubes. This was attributed to the greater
Urundeuva (Myracrodruon urundeuva), a container volume, which imposed less
native forest species in Brazil, produced restriction on root growth.
in 180- and 280-cm? tubes showed higher
average growth values than those observed
in the 55-cm?® tube (Freitas et al., 2022).
Similarly, in a study by Freitas et al. (2021)
on the production of Senegalia bahiensis
seedlings, greater height and stem diameter
growth were observed in larger-volume

In a study by Lima et al. (2019) on the
production of Ceiba spenchiosa seedlings,
greater height and diameter values were
observed on day 93 for plants produced in
280-cm?® containers than those produced
in 55-, 110-, and 180-cm?® containers. They
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attributed this finding to the larger volume
of substrate, which provided greater nutrient
and organic matter availability.

In the present study, at day 150,
although all tube containers had a diameter
>3.5 mm, considered adequate for planting
native plants (Silva et al., 2022), the plastic
bag, followed by the 280- and 180-cm? tubes,
showed the best results for C. brasiliense,
although no statistical differences were
observedamongthethree.For C. estrellensis,
the 560-cm? plastic bag container presented
the highest average among all treatments.

Lima et al. (2019) evaluated the effect
of tube size on the quality of C. spenciosa
seedlings, and found similar diameter results,
with the highest mean values observed in
larger containers. Stem diameter is one of
the main indicators of seedling quality (lvetic
et al, 2013; Montoya et al., 2022; Perumal
et al., 2021; Tumpa et al, 2021) and is
widely used due to its correlation with other
morphological characteristics (lvetic et al.,
2013).

Similar results to the present study
were reported by Aguilar et al. (2020) for
shoot height, stem diameter, and stem
height/diameter ratio, with higher averages
in seedlings produced in larger volume
containers (280- and 180-cm? tubes) when
compared to the smallest container (55-cms3).

1234

The H/SD ratio represents the
robustness index, which is related to the
development of the apical and secondary
meristems responsible for stem robustness
and thickening (Mata et al., 2019). The H/SD
ratio of C. brasiliense on day 150 showed the
highest mean values for treatments with the
larger container volumes of 115-, 180-, 280-
and 560-cms3, which did not differ significantly,
with averages ranging from 6.82-7.18. For
C. estrellensis, the highest average H/SD
corresponded to the 560-cm?® treatment
(average = 7.98), whereas the 53-, 115-,
and 180-cm? treatments had lower values,
ranging from 4.90 to 5.44 on average. The
suitable range for forest species is typically
5.4 to 8.1 (Carneiro et al., 1995), indicating
that the seedlings grow proportionally in
terms of aerial height and stem diameter
thickening.

When comparing the growth based
on the H/SD ratio of C. brasiliense, a decline
was observed for all treatments from day 120
onward (Figure 2). This is attributed to the
greater increase in SD on day 150 compared
to the H values. However, the obtained H/
SD values indicated that the seedlings met
acceptable quality standards and aligned
with the values reported in the literature for
comparison.
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Figure 2. Height/stem diameter (H/SD) ratio
evaluation period.

Regarding C. estrellensis, the
seedlings produced in all treatments showed
linear development for the H/SD variable.
This is attributed to the continuous increase
in the studied variables over time, with the
highest values observed on day 150 (Figure

of C. brasiliense (guanandi) seedlings over the

3). The reduction in the H/SD ratio indicated
that, during this period, the stem diameter
increased to a greater extent than the height
of the aerial part. In other words, plants
initiated stem thickening and reached a
stable stem elongation phase.
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Figure 3. Relationship between height and stem diameter of C. estrellensis (Jequitiba-Branco)

seedlings during the evaluation period.
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Seedlings of forest species must
have a diameter of >3.5 mm for field planting
(Silva et al., 2022). At 90 and 120 d after
capping, the C. brasiliense and C. estrellensis
seedlings presented suitable characteristics
for planting; the roots had not yet established
a stable attachment to the substrate, whichis
crucial for maintaining seedling quality during
the planting and transportation processes
(Silva et al., 2020).

Table 5

The results for ADB, RDB, TDB, LA,
and DQI on day 150 after capping of C.
brasiliense did not differ among the 180-,
280-, and 560-cm? containers (Table 5). The
53-and 115-cm? containers had the lowest
averages for these parameters, however,
did not show statistical differences, and the
115-cm? tube did not significantly differ from
the 180-cm?® tube. The ADB/RDB ratio did
not show significant differences among the
mean values of the C. brasiliense seedlings
across all containers (Table 5).

Aerial (ADB, g), root (RDB, g), and total (TDB, g) dry biomass; leaf area (LA, cm?); aerial/root dry biomass
ratio (ADB/RDB); and Dickson quality index (DQI) of Calophyllum brasiliense (Guanandi) seedlings at
150d

Container volume(cm3)

Dry biomass(g)

Fc (5%) CV(%)

Aerial 1.89¢ 2,53bc 3,13ab 2,78abc 3,75a 7,5*% 17.90

Root 0,75¢c 0,94bc 1,16ab 1,19ab 1.47a 12,94* 13,68

Total 2,65¢c 3.47bc 4,29ab 3,97abc 5,22a 8,84* 16,40

LA(cm?) 115,80c 161,42bc  162,64abc  192,56ab  245,69a 8,13* 18,47
Indices

ADB/RDB 2,52a 2,71a 2,71a 2,32a 2,55a 2,29 8,45
DQl 0,30c 0,35bc 0,45ab 0,42abc 0,54a 10,11* 14,16

Mean values followed by the same letter in the lines do not differ significantly according to Tukey's test at 5% probability
level.
*indicates the significance of the variables at the 5% level.

For C. estrellensis, statistical analyses
revealed significant differences among the
treatments in terms of ADB, RDB, TDB, LA,
and morphological indices. In most cases,
the 560-cm? container presented the highest
average values (Table 6). However, for root
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dry biomass and the morphological index
DQI, the 560-cm?® container did achieve the
highest averages but maintained the second
highest average among the treatments
(Table 6).
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Table 6

Aerial (ADB, g), root (RDB, g), and total (TDB, g) dry biomass; leaf area (LA, cm?); aerial/root dry biomass
ratio (ADB/RDBY); and Dickson quality index (DQI) of Cariniana estrellensis (Jequitiba-Branco) seedlings

at150d

Container volume(cm?)

Dry biomass(g)

Aerial 1,38d 2,14cd 2,39c

Root 0,98e 1,56d 1,97c

Total 2,36d 3,70c 4,35¢
LA (cm?) 172,38¢c 233,50c 225,99¢

Fc (5%) CV(%)

3.71b 6.81a 113,84* 12,23
2,78a 2,40b 99,02* 7,31
6.49b 9,21a 123,31* 9,26

372,24b 683,76a 56,47* 16,33

Morphological
Indices

ADB/RDB 1,40b
Dal 0,35d

1,38b
0,55¢

1,22b
0,71b

1,34b
0,89a

2,83a
0,86ab

90,67* 8,65
43,80* 10,10

Mean values followed by the same letter in the lines do not differ significantly according to Tukey's test at 5% probability

level.

*indicates the significance of the variables at the 5% level.

Similar results were reported by
Freitas et al. (2021), who observed higher
shoot and stem dry biomass values in
seedlings produced in 280-cm® tubes
compared than in those produced in 55- and
180-cm? tubes, with the 55-cm? tubes having
the lowest mean value for this parameter.

Higher values for the Dickson quality
index were reported by Bantis et al. (2019)
for seedlings produced in containers of
different volumes (820-, 290- and 120-cm3),
indicating that tube capacity influences this
variable. Higher index values indicated better
seedling quality (Bantis et al., 2019; Begum et
al., 2021).

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1225-1242, jul./ago. 2025

Atthe end of the production cycle (day
150), all seedlings cultivated in tubes showed
suitable characteristics for native forest
species; however, the seedlings produced in
560-cm? plastic bags showed visible signs
of coiling, bending, and strangulation of the
pivoting root (Figure 4), which is undesirable
for seedling development (Mosquera-
Espinosa et al., 2022; Vargas et al., 2011).
Additionally, more time was required for the
root system to adequately integrate with
the substrate. A growing trend to replace
plastic bags with rigid plastic tubes has
emerged because of their ease of handling in
both nurseries and the field, as well as their
reduced risk of root system damage (Alves et
al., 2020).
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53cm? 180 cm3

Figure 4. Root development in C. estrellensis (A) and C. brasiliense (B) at day 150 in different

volumes of containers.

Tubes offer various advantages, such
as efficient space usage in the nursery, easier
handling and transport, and the potential
for reuse, which significantly reduces costs
(Freitas et al., 2022; Haase et al, 2021).
According to Haase et al. (2021) and Silva et
al. (2022), the use of tubes as containers is
a key factor in driving commercial forestry
and greatly contributes to the production of
native species seedlings.

Although the 560-cm?® plastic bag
container yielded the best results for the
majority of the analyzed variables in the study,
practical and operational considerations
regarding root development problems
recommend using 180- and 280-cm? tubes
for both species studied.
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Conclusions

C. brasiliense (guanandi) did not
exhibit a statistically significant difference
between the tubes of 180 and 280 cm? and
plastic bags of 560 cm? in terms of biomass
and morphological indices.

For C. estrellensis (jequitiba-branco),
the highest mean values were observed in
the 560-cm?® plastic bag, except for root dry
biomass and Dickson’'s quality index, where
the 280-cm® tube demonstrated better
results.

Seedlings of both species displayed
folding, bending, and strangulation of the
pivoting root when grown in 560-cm? plastic

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1225-1242, jul./ago. 2025



Influence of container type and volume on the production of Calophyllum brasiliense...

I Ciéncias Agrarias
SEMINA ———

bags. Furthermore, these seedlings required
a longer time for the root system to integrate
properly with the substrate.

For C. brasiliense, the 180- and 280-
cm? tubes showed similar results; therefore,
the 180-cm® container is recommended
becauseofitssmallerspacerequirementsand
reduced substrate costs. For C. estrellensis.
the 280-cm?® tube is recommended. The
selected tube sizes yielded significant results
for morphological characteristics associated
with seedling quality and met the standards
required for seedlings in silviculture.
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