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ABSTRACT

The objective of this study was to evaluate the performance of tamboril (Enterolobium contortisiliquum
(Vell.) Morong) seedlings and define their time in the nursery. Two experiments were carried
out; in the first, the seedlings remained in the nursery for 120 days, and height, diameter, root
deformation %, shoot dry mass, root system and leaf number were evaluated. In the second
experiment, four seedlings of each repetition were transplanted into 35 x 40 cm bags and then
assessed for height, diameter and dry weight of the shoot and root system. Data were submitted
to analysis of variance (a = 0.05), Tukey test at 5% (qualitative factor) and sequential regression
(quantitative factors). The seedlings produced in higher-tube volumes achieved conditions for
planting at 90 days, while those produced in the lowest volume achieved the same conditions
only after 120 days. Therefore, 180 cm’ tubes and a 90-day stay in the nursery are recommended.
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1. INTRODUCTION

One of the major problems encountered in producing
forest seedlings is the length of time they must remain
in the nursery, so as not to affect survival or growth
post-planting. According to Freitas et al. (2013), the
tube volume used is an extremely important factor, since
it directly interferes in the quality of the seedlings, in
addition to influencing their length of stay in the nursery.
Correia et al. (2013) points out that the tube volume
also influences the space occupied by the seedlings
in the nursery, the labor force used, the expenses for
inputs and the transportation of these seedlings.

Oliveira etal. (2011) emphasize that techniques to
evaluate seedling quality should be developed according
to the size of the containers, as well as the ideal time
for growing the seedlings in the nursery in order to
provide the best growth.

Correia etal. (2013) and Gasparin et al. (2014) report
the need for studies on seedling production beyond
the nursery stage in order to confirm the differences
between the methods applied for seedling production,
thus allowing us to relate the variables that represent
the quality of seedlings in both situations.

Knowledge about production techniques is not
only important for commercial scale operations, but
as reported by Barbosa et al. (2013), greater success
in the ecological restoration process also stems from
knowledge about the container in which the seedling
is produced, thus highlighting the need for studies
about the establishment of tree seedlings in the field.

Enterolobium contortisiliquum (Vell.) Morong is
popularly known in Brazil as orelha-de-macaco or
tamboril, and is found in pluvial and semi-deciduous
forests, dispersed in several forest formations (Lorenzi,
2008). According to the same author, its wood is
appropriate for manufacturing whole-trunk boats
and canoes, toys, plywood and furniture frames.
Additionally, it presents some tolerance to heavy
metals, showing promise for research aimed at the
revegetation of soils that contain excessive levels of
these elements (Andrade, 2005; Trannin et al., 2001).
Further, it also presents rapid initial growth (Araujo
& Sobrinho, 2011).

However, little is known about the length of the
nursery stay of Enterolobium contortisiliquum seedlings

as a function of the volume of the tube in which they
are produced.

Therefore, the objective of this study is to evaluate
the quality of Enterolobium contortisiliquum seedlings
produced using different tube volumes in the nursery
phase and their initial growth in the field, in addition
to determining the stay of seedlings in the nursery.

2. MATERIAL AND METHODS

The experiment was carried out at the forest seedling
nursery under 50% shading, located in the experimental
field of the Federal University of Reconcavo da Bahia,
in the municipality of Cruz das Almas, Bahia, Brazil.

Tamboril fruit was collected from matrix trees
distributed across the Cruz das Almas campus.
After collection, the fruit was benefited and the seeds
were stored in a plastic container for 30 days. Prior to
sowing, the seeds underwent mechanical scarification
on the opposite side of the hilum using n°.80 sand paper.

The experimental design of both phases of the
experiment followed a completely randomized design
of three treatments (50, 180 and 280 cm? tubes) with
four replications and 38 seedlings per replicate in the
nursery stage, and four seedlings in the field phase.

Vivatto Plus substrate was used for seedling production,
and the fertilizer was Osmocote (NPK 14-14-14) ata
dose of 8 g per kilogram of substrate.

After the seedling production phase, four seedlings
per replicate of each treatment were transplanted into
35x 40 cm bags (approximately 15.597 cm’) filled with
soil from the planting area, and then fertilized with
NPK 04-14-08 at the proportion of 100 g per bag in
order to simulate an initial growth situation in the field.

Irrigation was performed twice a day using watering
cans, taking into account climatic conditions.

Height and diameter evaluations started 30 days
after sowing with the aid of a millimeter ruler and
a pachymeter, respectively, at 15-day intervals, up
to 120 days, with all seedlings being evaluated. The number
of leaves of these seedlings was evaluated at 120 days.

The root system deformation percentage and root
and shoot dry mass were evaluated at 90 and 120 days,
using two seedlings per repetition of each treatment.
In order to obtain the root deformation percentage,
the roots were washed and evaluated for the number of
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roots emitted and the number of observed deformations,
and the root system deformation percentages were then
determined from these values. In order to obtain the
shoot and root system dry masses, both systems were
separated and placed in paper bags and taken to be dried
in a forced circulation air oven at 70°C for 48 hours.
The roots were washed in running water before being
taken to the oven.

In the second phase, the seedlings were evaluated
every 30 days for height and diameter, with the first
evaluation being carried out at the time of transplantation
into the bag, using a millimeter ruler and a manual
pachymeter, respectively, until 120 days. At the end of
120 days, shoot dry mass, the root system dry mass
and dry matter ratio between the root system and the

shoot dry mass were obtained.

In order to obtain the shoot and root system dry
mass, the shoots were separated from the root, placed
into paper bags, and then placed in a forced circulation
oven at a temperature of 65°C for 72 hours; the roots
were manually separated from the soil before being
taken to the oven.

The data were submitted to analysis of variance
(a = 0.05), with qualitative factors compared by the
Tukey test at 5% probability, and sequential regression

analysis for the quantitative variables.

3. RESULTS AND DISCUSSION

Figure 1 shows the performance of the Enterolobium
contortisiliquum seedlings produced in tubes of
55, 180 and 280 cm?® over 120 days, in which it could
be observed that both seedling height and diameter
were affected by the container in which the seedlings
were produced throughout the whole production cycle.

Over the 120 days, the seedlings produced in the
tube with the smallest volume (55 ¢m?®) had lower
performance for height and diameter compared to
the other seedlings in larger tubes. After 120 days in
the nursery, the seedlings produced in the smaller
volume tube showed an average height and diameter
of 10 cm and 3 mm, respectively. By contrast, the
seedlings produced in 180 and 280 cm’ containers were
already 15 cm high and 3 mm in diameter after just
45 days post-planting; and this difference remained
throughout the cycle.

Regardless of the species, the effect of the container
volume used is observed from a certain period of the
seedlings’ permanence in the nursery. These differences
in growth were observed for several forest species.
Examples include the studies by José et al. (2005)
for Schinus terebinthifolius, Freitas et al. (2013) and
Eloy et al. (2014) for different species of Eucalyptus spp,
and Alves etal. (2012) for Anadenanthera macrocarpa,
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Figure 1. Growth in height (cm) and diameter (mm) of Enterolobium contortisiliquum seedlings produced in three

tube volumes over 120 days.
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among others. Thus, it can be said that the seedling’s
growth rate throughout the production phase is clearly
related to the volume of the container in which is

produced.

Similar behavior was observed by Ferraz & Engel
(2011) and Lisboa et al. (2012) for different forest
species, in which smaller tubes used during production

led to lower seedling growth.

For seedlings produced in the other two tubes with
higher volumes (180 and 280 cm?), it was possible to
observe a difference in growth after only 105 days in
the nursery, whereby seedlings produced in 180 cm’
tubes presented less growth for height and diameter

compared to those produced in 280 cm® tubes (Table 1).

This difference is probably related to the greater
growth space for the root system, and consequently
for shoot growth.

The shoot dry mass (SDM) and root dry mass
(RDM) variables were affected as a result of container
volume in the periods evaluated, as shown in Table 2.
Tubes with higher volumes allowed greater root and
shoot dry mass gains when compared to containers with
lower volumes, evidencing a direct relation between

dry mass gain and container volume.

Alves etal. (2012) for Anadenanthera macrocarpa
and José et al. (2009) for Schinus terenbinthifolia found
similar results, whereby containers with higher volumes
led to greater shoot and root dry biomass production.

It was found that the use of higher volume tubes
(180 and 280 cm’) allowed SDM gains of 3.8 and 4.76 times
greater, respectively, at 90 days, in comparison to tubes with
the lowest volume (55 cm®); and gains of 4.82 and 7.27 times
(tubes of 180 and 280 cm’, respectively) higher for RDM
in comparison to 55 cm?® tubes.

The same behavior is observed for the seedlings
remaining in the nursery for 120 days, where seedlings
produced in 280 cm® tubes presented greater gains, but
did not differ from 180 cm? tubes for RDM (Table 2).
However, the difference in gains was in smaller
proportions in comparison to smaller volume tubes;
2.89 and 3.50 for SDM, and 3.31 and 3.17 for RDM in
tubes of 180 and 280 cm?, respectively.

According to Freitas et al. (2013), the highest
production of shoot and root dry mass was for
variables of great importance for the survival and
initial development of the seedlings after planting due
to greater biomass gains.

Regardless of the production system and the species
being produced, the container used should cause the

Table 1. Average height (H) and diameter (D) of Enterolobium contortisiliquum seedlings at 45, 60, 75, 90, 105 and
120 days after sowing, produced in three tube volumes.

3.3

H(cm)
Periods Tubes (cm?)
180
45 8.8b 149a 14.6 a
60 9.0 b 15.5a 15.7 a
75 10.7b 15.7a 15.7 a
90 9.8b 169 a 16.8 a
105 10.1 ¢ 179b 18.6a
120 10.6 b 19.0 a 19.6 a

D(mm)
Tubes (cm?)
180
2.05b 3.12a 3.09a
2.46b 4.02a 4.06a
2.80b 458a 4.68a
2.98b 5.00 a 5.13a 30
3.10 ¢ 5.16b 5.40 a
323 ¢ 5.39b 5.62a

Means followed by the same letters in the line within the same period do not differ between themselves by Tukey test at 5% probability.

Table 2. Averages of shoot dry mass (SDM) and root system dry mass (RDM) (g) of Enterolobium contortisiliquum
seedlings at 90 and 120 days after sowing, produced in three tube volumes.

90 days 120 days
Tubes (cm?) Tubes (cm?)
180 180
DMS (g) 0.25¢ 0.95b 1.19a 18.31 0.54 ¢ 1.56 b 1.89a 12.57
DMR (g) 0.11 ¢ 0.53b 0.80 a 24.62 0.42b 1.39a 133 a 22.32

Means followed by the same letters in the line within the same period do not differ between themselves by Tukey test at 5% probability.
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least possible deformation to the seedling’s root system,
as this will have a direct effect on shoot growth and
on field performance.

In terms of the root deformation percentage, it was
found that 55 cm® tubes presented the highest mean values
for both 90 and 120 days (27.62 and 195.17%, respectively),
differing from 180 and 280 cm’ tubes (Figure 2).

No differences in the root deformation percentage
were found when the seedlings were produced
in 180 and 280 cm’ tubes, regardless of the period
evaluated. It was also found that the permanence of the
seedlings for a period greater than 90 days, regardless
of the volume of the container used, caused an increase
in root deformations, ranging from 7 to 9 times
higher depending on the volume of the tubes, which
may indicate that the seedling is undergoing serious
growth restrictions.

According to Auer & Santos (2011), longer stays for
seedlings in the nursery can lead to root deformation
such as folding/knotting. This was also verified by
Freitas etal. (2005) in Eucalyptus grandis and E. saligna
seedlings produced in 50 cm’ tubes, which showed
deformations in their roots and influenced their
growth in the field.

The lowest number of leaves was found in seedlings
produced in the container with the lowest volume, with
no difference between the larger volume containers
(Table 3).

This lower leaf production was also found by
Brachtvogel & Malavasi (2010) in Peltophorum dubium
seedlings, and by Mesquita et al. (2011) in Genipa
Americana seedlings when containers with reduced
volumes were used.

The higher number of leaves may be a positive
variable for seedling growth in the field, since they will
have a larger area for production of photoassimilates,
which aids growth in the field.

This difference in the performance of seedlings
produced in smaller tubes may not only be related to
the fact that the volume the seedlings have for growth
is reduced, but also due to the lower availability of
water and nutrients directly affecting biomass gains.

From the average daily increase in height (ADIH)
and diameter (ADID) shown in Figure 3, it can be
observed that the point corresponding to the minimum
increment in height for 180 and 280 cm? tube seedlings

250

200 -
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Root deformation %

b b O 55 cn?® tubes
100 M 180 cn?® tubes
280 i’ tubes
50 4 a
bop
ol [
90 120
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Figure 2. Root system deformation percentage for
Enterolobium contortisiliquum seedlingsat 90 and 120 days
after sowing, produced in three tube volumes. Means
followed by the same letter within the same evaluated
period do not differ among themselves by the Tukey test
at the 5% probability level.

Table 3. Average number of leaves (NL) of Enterolobium
contortisiliquum seedlings 120 days after sowing
produced in three tube volumes.

Treatments NL
55cm? tubes 4.67b
180cm? tubes 10.21a
280cm’ tubes 11.08 a
CV (%) 16.59

The same means in the column did not differ statistically by
Tukey test at 5% probability.

was at 65 and 67 days, respectively, with no minimum
increment point for seedlings produced in 55 cm? tubes.

It can be observed that with the use of higher-volume
tubes (180 and 280 cm?), the times for minimum
height increases occurred almost simultaneously,
coinciding with the point at which seedlings achieved
the standard in height to be introduced into the field,
as can be observed in Table 1. In this regard Carneiro
(1995), states that seedlings should reach heights of
between 15 and 25 cm.

In relation to the average daily increment in
diameter (ADID), maximum and minimum points for
the seedlings produced in 55 cm’® tubes were not found.
For seedlings produced in 180 cm’ tubes, the maximum
and minimum increase occurred at 26 and 91 days of
production, while for 280 cm’ tubes, it occurred at
24 and 95 days after planting, respectively (Figure 3).

To determine the period of permanence for
Eucalyptus grandis seedlings in nurseries using 53 cm?
tubes, Reis et al. (2008) evaluated morphological
variables recommending the period of 100 days after
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Figure 3. Average diary increment in height (ADIH) and diameter (ADID) of Enterolobium contortisiliquum
seedlings over 120 days after planting, produced in three tube volumes.

emergence for the release of seedlings. Mafia et al.
(2005) emphasize that seedlings exposed to an excessive
period in the nursery present reduced growth, as well
as root deformation. This fact was also observed in
the present study, in which seedling permanence for
a period of more than 90 days reduced incremental
gains and increased the deformation percentage.

When evaluating the growth cycle of Eucalyptus
seedlings in 55 and 180 cm”® tubes, Freitas et al. (2013)
found that seedlings of this species produced in 180 cm®
tubes had higher growth for the analyzed variables,
and that the seedlings were able to be planted after
60 days when in higher-volume tubes, while seedlings
produced in smaller tubes only reach the minimum
standard required for planting in the field at 120 days.

Thus, it can be verified that at the moment the
seedlings reach the minimum increment, the growth
rate of the seedlings is slower, possibly due to the
limited substrate volume for its development. Therefore,
seedlings produced in larger volume containers could
already be taken to the field at around 90 days, reducing
seedling permanence in the nursery by at least 30 days.

When simulating field conditions, the seedlings’
behavior after planting was similar to that found in the
nursery, in which the seedlings produced in tubes with

reduced volumes (55 cm?®) were inferior in height and
diameter to those produced in larger volume containers
(Figure 4) throughout the assessed period of 120 days.

It is also observed that seedlings that exhibited the
highest values for height and diameter at the moment
of planting into bags (those produced in containers
of 180 and 280 cm?®), maintained the same behavior
throughout the 120 days. This leads us to consider
that Enterolobium contortisiliquum seedlings can be
produced in 180 cm® tubes, which would result in
the use of reduced space and resources for seedling
production.

In studying the behavior of Cordia trichotoma (Vell.)
Arrab. ex Steudand Jacaranda micranta Cham. in the
field, Malavasi & Malavasi (2006) also found the same
behavior for seedlings produced in smaller containers,
and this difference was maintained throughout the
180-day assessment period.

On the other hand, in analyzing Schinus terebinthifolius
Raddi, José et al. (2005) reported that differences in
height and diameter at the moment of planting tend
to disappear in seedlings produced in containers
of different volumes, with this lack of difference
being observed at 250 days after planting. This was
similar to data obtained by Correia et al. (2013) in
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Figure 4. Height and diameter of Enterolobium contortisiliquum (vell.) Morong seedlings, produced in three tube

sizes over 120 days in the field.

Table 4. Shoot dry mass (SDM), root dry mass (RDM) and root and shoot dry mass ratio (RDM/SDM) of
Enterolobium contortisiliquum seedlings produced in different volume tubes, 120 days after planting in bags.

Treatments SDM (g)
50 cm?® tubes 9.82b
180 cm® tubes 12.74 ab
280 cm? tubes 15.64 a
Overall mean 12.73

RDM (g) RDM/SDM
8.35a 0.56 a
8.75a 0.55a
9.46 a 0.63 a
8.85 0.58

Averages followed by the same letter within a single variable do not differ statistically from each other by Tukey test at 5% probability.

Eucalyptus urograndis, who found a trend of equal
growth in treatments at 12 months in relation to height,

crown circumference and diameter at ground level.

Nonetheless, Freitas et al. (2006) argue that the
most critical period of crop-weed competition occurs
in the first few months after planting, during which,
seedlings cannot circumvent this critical condition,
thereby increasing weed-control expenses and delays
in expected production.

Table 4 shows data for shoot dry mass, root dry
mass, and shoot and root dry mass ratio, 120 days after
transplantation into bags.

Regarding the tube size (100 and 280 cm?),
Gasparin et al. (2014) found a significant difference in
root dry mass, in which higher averages were observed
for the largest container, leading to the conclusion that
this may favor the growth of post-planted seedlings.

In analyzing Eucalyptus urophylla, Eucalyptus robusta
and Corymbia citriodora seedlings in 55 and 180 cm’
tubes, Freitas et al. (2013) found that the tube size

and species acted together for the shoot dry mass

variable. Those planted in the 180 cm® tubes had a
higher growth at 120 days and presented double the
gain for root dry mass. Alves et al. (2012) analyzed
Anadenanthera macrocarpa seedlings and reported a
significant effect of the containers for shoot dry mass
and root dry mass, 120 days after emergence, in which

larger containers presented higher biomass.

Gasparin et al. (2014) claim that making evaluations
in the field over longer periods is necessary in order
to confirm the differences between the seedling
production methods used in the nursery, thereby
allowing comparisons for the variables that represent

good-quality seedlings in both situations.

Therefore, by analyzing all evaluated variables, it
was possible to note that the use of 180 cm’ tubes can
be recommended to produce seedlings of this species,
in addition to reducing the production cycle of the
seedlings. Similar data were recorded by Ajala et al.
(2012), in which the use of lower-volume tubes led
to savings related to substrate, transport and easier
planting in the field.
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4. CONCLUSION

Seedlings in tubes with higher volumes
(180 and 280 cm?®) presented adequate conditions for
planting at 90 days, while seedlings produced in lower
volume tubes (55 cm®) were only adequate at 120 days.

Similarities were observed between 180 cm® and
280 cm’ tubes, in which the use of 180 cm® tubes for
90 days is recommended for this species to achieve
lower production costs.
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