ORIGINAL ARTICLE
published: 07 August 2023
https://doi.org/10.14295/CS.v14.3988

Comunicata Scientiae

Horticultural Journal

S

Shading and controlled-releasefertilizerinthe production of Oenocarpus
batava Mart. Seedlings

James Maciel de Araujo'®, Romeu de Carvalho Andrade Neto?®, Maria Julia da Silva Rodrigues®®, Mdrcia da Costa

Capistrano'®, Eduardo Pacca Luna Mattar'®, Ueliton Oliveira de Almeida®®, Aureny Maria Pereira Lunz?
'Federal University of Acre, Rio Branco, Brazil
2Brazilian Agricultural Research Corporation (Embrapa), Rio Branco, Brazil
*Institute of Agricultural and Forestry Defense of Acre, Rio Branco, Brazil
*Corresponding author, e-mail: romeu.andrade@embrapa.br
Abstract

When associated an adequate shading and nutrition the seedlings to reach characteristics that allow them to
survive in the field and increase production. Thus, this work aimed to evaluate the production of Oenocarpus
bataua seedlings in response to different shade environments and controlled-release fertilizer doses. The
study was carried out from at the Embrapa nursery located in the municipality of Rio Branco, Acre state. The
experimental design was complete randomized blocks with three replications and six plants per plot. The
tfreatments were distributed according to a 4 x 5 factorial scheme, i.e., four shade environments (20%, 30%, 50%
and 75%) and five CRF doses (0.0, 1.5, 3.0, 4.5 and 6.0 kg m=) mixed with the substrate. Biometric, biomass and
quality variables were evaluated at 305 days after transplanting. The ANOVA was applied for the qualitative
factor and regression analysis was performed for the quantitative factor, both at 5% probability. The treatments
were grouped by analyzing canonical variables, a multivariate statistical and realized the Pearson’s correlation
between variables was determined through correlation networks. The shading environment and the confrolled-
release fertilizer positively influenced the growth and quality of Oenocarpus bataua seedlings. The seedlings of
Oenocarpus bataua have better biometric characteristics produced in a nursery with 50% shading. Oenocarpus

bataua seedlings show better quality when 3.88 kg m= of confrolled release fertilizer are used.
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Introduction

The pataua palm tree (Oenocarpus bataua
Mart.) is one of the most common species in South
America (Guarin et al., 2014), being the seventh most
abundant in the Amazon and one of the most used palm
frees, mainly for fruit extraction (Isaza et al., 2016).

The species main product is the fruit from which
juice and oil are exfracted, having a high nutritional
value and that can be used in cooking, cosmetics
manufacturing and biodiesel production (Hidalgo et al.,
2016; Garzén et al., 2013; Ocampo-Duran et al., 2013). Its
leaf extract is rich in antioxidants, is non-cytotoxic, and
canhave dermatological or pharmaceutical applications
(Leba et al., 2016).

Therefore, it is evident that the exploitation of
this species shows itself as an economic alternative,
as it allows the generation of income from its products

and by-products, social, by providing employment

generation, and environmental, since it can be plantedin
monoculture or as a component of agroforestry systems.
(Grossnickle and MacDonald, 2018) report that
high quality seedlings, defermined from their biometric
characteristics, are more likely to establish themselves
in the field. Thus, the use of appropriate technologies is
essential fo produce quality seedlings, including choosing
the appropriate shade environment and determining
the dose of fertilizer to be applied, since, according
to (Oliveira et al., 2019), light and fertilization are
environmental factors that also influence plant growth
and development. (Silva et al., 2018) demonstrated that
the development of O. bataua seedlings is influenced by
the environment, such as substrate and luminosity.
Artificial shading is a technique that aims to
provide adequate environmental conditions, especially
light, humidity and temperature to seedlings so that they
reach an adequate standard of quality and vigor and
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are able to go into the field with the maximum possibility
of adapfting to field conditions and mortality is as low as
possible.

In general, the seedlings are nourished by the
nutrientsincorporated at the time of substrate preparation
and, in addition, through cover fertilization, practices that
are often inefficient and expensive, mainly because labor
has been scarce, and contaminate the environment
due to leaching of toxic elements. As an alternative,
more technified producers have used confrolled-release
fertilizers that have numerous advantages, such as
providing plants with what they need over time (Softi et
al., 2015) and being sustainable (Vejan et al., 2021).

Considering the scarcity of biometric information
and indicators of a minimum standard of seedling quality,
and that the appropriate environment and the correct
dose of ferfilizerinfluence plant growth and development,
the objective of the study was to study shading and
doses of controlled-release fertilizer on the production of
O. bataua seedlings.

Material and methods

The study was carried out from April 2016 to April
2017 at a nursery located in the municipality of Rio Branco
- AC Brazil, at the coordinates 10°01'24" S and 67°42'04"
W and an altitude of approximately 159 m (Google Earth,
2021). The city's climate is classified as Am (monsson)
according fo the Képpen classification (Alvares et al.,
2013) with an annual average temperature of 25.1 °C
(Alvares et al., 2013), relative humidity of 85.8% and
rainfall 2,012 mm per year (Sousa, 2020). The data related
to temperatures and relative air humidity recorded in the
environments (shadehouses) during the experiment were
obtained through Datalogger AK 174® (Figure 1).
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Figure 1. Maximum, minimum and average temperature, as
well as relative air humidity recorded in the environments

(shadehouses) in the total period of conducting the experiment
(Source: Almeida et al., 2018).

A40daysaftersowinginaseedbedfilledwithsand,
the Oenocarpus bataua seedlings were fransplanted to
containers with volumetric capacity of 3 liters, containing
substrate composed of soil (Ultisol) superficial layer with
the following chemical characteristics: pH (H,0) = 4.9; Ca
=2.92 cmolc dm; Mg = 0.82 cmol_ dm™=; K = 0.07 cmol_
dm=3; Al+H = 3.69 cmol_dm™=; P = 38.22 mg L'; CEC (pH7)
=7.50 cmol_dm3; BS = 50.74%; organic matter = 11.89 g
kg™ (Almeida et al., 2018).

The experiment was designed in randomized
blocks with three replications and six plants per plot whose
freatments were distributed in a 4 x 5 factorial scheme, i.e.,
four shaded environments (20%, 30%, 50% and 75%) and
five doses (0.0, 1.5, 3.0, 4.5 and 6.0 kg m~3 of substrate) of
Osmocote® 15-09-12 8M controlled-release fertilizer (CRF)
(8 months of release) containing 15% N; 9% P,O,; 12% K,O;
1.3% Mg; 6%S; 0.05% Cu; 0.46% Fe; 0.06% Mn; 0.02% Mo.

The experiment was irrigated by a micro sprinkler
system and the weeds were manually controlled.

The following characteristics were evaluated
after 305 days of transplanting: plant height (H), stem
diameter (D), height-to-diameter ratio (RHD), number of
leaves (NL), leaf dry mass (LDM), stem dry mass (SDM),
root dry mass (RDM), shoot dry mass (SMT), total dry mass
(TDM) and Dickson quality index (DQ).

The plant height was measured between the
surface of the container substrate and the point of
emission of the highest leaf; the stem diameter at 1 cm
from the soil surface with a digital caliper, and; the number
of leaves by counting. The seedlings were removed from
polyethylene bags, washed in clean and running water
tfo remove substrate remains and then separated info
leaves, roofs and stem to determine their dry masses in a
forced air circulation oven at 65 °C.

The Dickson seedling quality index (DQI) was
determined using formula (Dickson et al., 1960):

DQl = DM (g)

(H(cm) / D (mm) + (STM(g) / RDM(g))
where:

TDM: total dry mass (sum of SMT and RDM);

H: plant height;

D: stem diameter;

SMT: shoot dry mass (sum of SDM and LDM);

RDM: root dry mass.

Data related to shading environments were
subjected to analysis of variance and the data related
to confrolled-release fertilizer doses were subjected to
regression analysis.

The freatments were grouped by analyzing
canonical variables (Cruz et al., 2012). In addition,
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between variables was
determined through correlation networks (Epskamp et
al., 2012).

The ANOVA, regression and the means tests were
performed using the SISVAR software program (Ferreira,
2011). The multivariate and correlation analyzes were

Pearson’s correlation | rij |

performed using RBio software (Bhering, 2017).

Results and Discussion

It's observed in Table 1 that stem diameter (D),
height-to-diameterratio (RHD), root dry mass (RDM), shoot
dry mass (SMT), total dry mass (TDM) and quality index
(DQI) were significant in isolation for both the shading
environment (SE) and the doses of controlled-release
fertilizers (FD) and, therefore, a test of means was applied
for the SE (Table 2), qualitative factor, and regression for
the FD (Figures 2B, 2C, 2E, 2F and 2G), quantitative factor.
The number of leaves (NL), the leaf dry mass (LDM) and
the stem dry mass (SDM) were significant only for the SE
(Table 1) and, therefore, a comparison test of means
was performed, as shown in (Table 2). The significant
inferaction between SE and FD occurred only for height
(H) and root dry mass (RDM) (Table 1) and, therefore, only
these variables were split.

Shading of 30% resulted in seedlings with a larger
stem diameter (D) (Table 2). Shading of 50% promoted
a greater number of leas (NL), leaf dry mass (LDM), stem
dry mass (SDM), shoot dry mass (SMT), and total (TDM)
dry mass, as well as DQI, however without differing from
the 30% shading in relation to the NL, LDM, SDM and SMT
variables. The 75% shading resulted in seedlings with a
higher RHD.

When unfolding the interaction between SE x FD
for the variable H, only the 50% and 75% environments

Table 1. Analysis of variance for plant height (H), stem diameter
(D), height-to-diameter ratio (RHD), number of leaves (NL), leaf
dry mass (LDM), stem dry mass (SDM), root dry mass (RDM), shoot
dry mass (SMT), total dry mass (TDM) and Dickson quality index
(DQI) of (Oenocarpus bataua seedlings) evaluated at 305 days
after tfransplanting in response to shading environment (SE) and
confrolled-release fertilizer doses (FD)

Source SE FE SExFD Block Residual CV (%)
d.f. 3 4 12 2 337 -

H 670.67* 45.65* 17.96* 9.74 2972 20.61
D 69.72* 15.12*  2.68™  0.99 3.34 16.88
RHD 1.62* 0.12* 0.03® 0.03 0.01 14.20
NL  28.64* 0.39» 0.31~ 0.13 0.24 13.02

Mean
LDM  273.19* 9231 15.14™ 0.45 20.60 16.89

square
MS SDM  239.33* 25.63™ 10.65™ 2.16 6.76 14.96
(MS) RDM  74.37% 12.09* 8.09* 0.58 4.80 13.74
SMT  27.51* 580* 1.12™  0.05 1.06 13.94
TDM 38.89* 8.00* 2.16™ 0.11 1.24 11.34
DQlI  2.25* 0.29* 0.18* 0.07 0.11 14.71

*Significant at 5%; ns: non-significant.

Table 2. Stem diameter (D). height-to-diameter ratio (RHD),
number of leaves (NL), leaf dry mass (LDM), stem dry mass
(SDM), shoot dry mass (SMT), total dry mass (TDM) and seedling
quality index (DQI) of O. bataua seedlings in response to shading
environment (SE)

SE D DM DM SMI  TDM

(%) (mm) RD N (@ (¢) (9) @  Dal
20 1033c 1.léc 3950 3.55¢c 2.16b 571c 8.10c 2280
30 11950 1.07c 3940 47ab 333a 803a 10350 229
50 1107b 1.36b 3.90a 526a 3.57a 883a 11.8la 273a
75 9.96c 18la 337b 441b 252b 694b 9.05c 178

Means followed by the same letter do not differ from each other by the Tukey test at 5% significance

were significant (Figure 2A). Thus, the adjustment of the
doses of controlled-release fertilizers followed a quadratic
behavior, both in the 50% environment, with a maximum
H value of 15.88 cm at the dose of 3.52 kg m®, and in the
75 %, with a maximum H of 19.29 cm at a dose of 3.19 kg
m=.

When unfolding the SE X FD interaction for the
RDM variable, only the 50% environment was significant
and a quadratic fit of the regression was observed with a
maximum RDM of 3.27 g, at a dose of 4.96 kg m-3 (Figure
2D).
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Figure 2. A: Hight (H), B: stem diameter (D); C: height-to-diameter
ratio (RHD); D: root dry mass (RDM); E: shoot dry mass (SMT); F:
total dry mass (TDM) and G: seedling quality index (DQI) of O.
bataua seedlings in response to shading environment (SE) and
conftrolled-release fertilizer doses (FD). MP: Maximum point
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Regardless of the shading environment, the
doses of controlled-release fertilizer showed a quadratic
adjustment in relation fo RHD (Figure 2C), SMT (Figure 2E),
TDM (Figure 2F) and DQI (Figure 2G), with the maximum
doses, respectively for the aforementioned variables,
2.45 kg m?3, 4.29 kg m3, 4.10 kg m?® and 3.88 kg m. For D
variable was observed a fit linear (Figure 2B).

The results shown by the ANOVA and regression
are confirmed by the conjoint multivariate analysis using
canonical variables (Figure 3). Therefore, treatments
with 50% shading in doses above 3 kg m? had a greater
influence on the morphological variables of the seedlings,
with the exception of the more shaded environment since
it had an influence on H and RHD regardless of the dose
used. The first two canonical variables were statistically
significant (p<0.001), explaining 71.2% of the total variation
in the data and beftter represented and explained the
joint variation of the morphological variables depending
on the treatments.

The correlation networks indicated that a greater
number of variables correlate strongly and negatively (rij
< -0.6) when the shading (SE) was individually analyzed
(Figure 4A), differently from the fertilizer doses (FD) (Figure
4B) and SE x FD interaction (4C). Thus, there were strong
and negative correlations between H and NL, Hand RDM,
H and DQI, as well as between RHD and RDM, RHD and
NL, RHD and DQI when considering the shading factor
alone. Wecak and negative correlation was observed
between RHD and NL regarding the fertilizer dose factor,
but strong and negative when considering SE x FD.

Considering the global results, the shading and
plant nutrition influence the morphological features of O.
bataua seedlings, because, according to (Wang et al.,
2020), these factors act significantly in the performance of
photosynthesis with consequent accumulation of energy
and conversion into structural carbon for the formation of
leaves, roots, stem development with reflections on the
content of dry matter.

The results determined in this study corroborate
(Valaddo et al., 2014), as they state that research shows
that seedlings perform betfter when produced between
30% and 50% of shade and is consistent with (Shanley
& Medina, 2005) who describe that this species prefers
shaded environments at the beginning of development.
Therefore, this statement is consistent with the need to
study the appropriate environment for the production of
quality seedlings. Thus, if, on the one hand, plants may
have their photosynthetic process compromised due to
low light, which will result in low biomass accumulation
caused by an insufficient metabolic rate, on the other

Can2 (25.2%)

Can1 (46%)

Figure 3. Graphical representation of canonical variables for
morphological variables height (H), stem diameter (D), height-
to-diameter ratio (RHD), number of leaves (NL), leaf dry mass
(LDM), stem dry mass (SDM), root dry mass (RDM), shoot dry
mass (SMT), fotal dry mass (TDM) and Dickson quality index
(DQY) of (Oenocarpus bataua seedlings) evaluated at 305 days
after transplanting in response to shading environment (SE)
and confrolled-release fertilizer doses (FD). The first two digits
represent the shading Environment (20 = 20%; 30 = 30%; 50 =
50%; 75 = 75%) and the last digit indicates the controlled-release
fertilizer dose used (0 =0 kg dm=; 1 =1.5kg dm?;2=3.0 kg dm?;
3=45kgdm?3; 4=6.0kgdm?3).

Figure 4. Correlation networks between variables for shading
environment SE (A) controlled-release fertilizer, FD (B) and SE x FD
interaction (C). (H), stem diameter (D), height-to-diameter ratio
(RHD), number of leaves (NL), leaf dry mass (LDM), stem dry mass
(SDM), root dry mass (RDM), shoot dry mass (SMT), total dry mass
(TDM) and Dickson quality index (DQ).

hand, plants in full sun may accumulate less biomass,
probably due o higher franspiration rate associated with
higher energy expenditure, which can result in less dry
matter accumulation (Pereira et al., 2018).

The results confirm that O. bataua does not

Comunicata Scientiae, v.14: e3988, 2023



Araujo et al. (2023)

Shading and controlled-release fertil...

tolerate direct light exposure, from early growth to
juvenile stage (Garzén et al, 2013). Thus, the best
initial development of this species in a light-restricted
environment follows the trend of other amazonian palms,
such as Euterpe oleraceae (Dapont et al., 2016; Araujo et
al., 2019) and Euterpe precatoria (Almeida et al., 2018).

As for seedling nutrition by means of controlled-
release ferfilizer, the results obtained show that it is
essential to nourish of O. bataua seedlings, since all the
variables analyzed were compromised when the dose
was zero. It is worth mentioning that this type of fertilizer is
advantageous for use in the humid tropics that have high
levels of precipitation that favor the leaching of nutrients.

The efficiency in the use of the controlled-release
fertilizer has been proven by several authors in both the
seedling production of forest species (Gasparin et al.,
2015; Dutra et al. 2016; Almeida et al 2018; Arayjo et al.,
2019; Silva et al. 2019; Gibson et al., 2019; Murugan et al.,
2020; Cabreira et al., 2021).

According fo (Reis et al., 2016), the plant height
is one of the main biometric parameters for seedling
evaluation, as it is easy to measure and non-destructive.
However, according to (Arauvjo et al., 2019), tallerseedlings
will not necessarily be the best, since light deficiency or
excess nifrogen can lead plants to reach greater height,
smaller stem diameter and dry mass (etiolation). An effect
similar to that of this study was observed by (Santelices et
al.,, 2013), and by (Tsakaldimi et al., 2021), respectively,
for Nothofagus glauca and Pinus nigra, which showed
greater height and smaller diameter of the collar as light
was limited to the plants.

The fact that O. bataua seedlings showed greater
height under shading conditions indicates that, under full
sun conditions, their development and initial growth may
be compromised (Lopes et al., 2013).

According to (Paiva et al, 2003), the stem
diameter increases as the cambial activity is stimulated
by the carbohydrates supplied from photosynthesis, and
this, in turn, is dependent on the light provided to the
plants and has been correlated with seedling survival
in the field (Stuepp et al., 2020). (Dapont et al., 2016)
found the highest values of stem diameter of the species
Euterpe oleracea in an environment with 40% shade. In
the 50% shading, Euterpe precatoria seedlings showed
a diameter of around 11 mm with a dose close to 5 kg
m=* of controlled-release fertilizer (Almeida et al., 2018)
whereas Euterpe oleraceae presented 19.18 mm when a
dose close to 7 kg m? was used (Arauvjo et al., 2019). On
the other hand, Acrocomia aculeata plants do not differ
in plant height and diameter when subjected to sun and

light (Dias et al. 2018).

Plants tend to have a larger stem diameter under
fertilization conditions (Soti et al. 2015; Han et al., 2016;
Murugan et al., 2020) which reflects in greater survival
when taken fo the field, as they present a greater amount
of carbohydrates and nutrients stored in this portion of the
plant (Tsakaldimi et al., 2013).

RHD is an important variable due to its relationship
with seedling survival after fransplanting in the field
(Smiderle et al., 2017). According to (Haase, 2008), the
relationship between height and diameter represents
robustness; high ratio indicates that the seedling is thin
and, therefore, more subject to the effects of wind,
drought and handling; low ratio indicates a more robust
seedling. Thus, an adequate relationship between shoot
and root attenuates the competitive effect with weeds
at the field, in addition fo promofing less stress caused by
drought (Matos et al., 2021).

However, this relationship must be adequate and
established according to the species. Its practical effect
is quite interesting, as it is based on two non-destructible
and easy-to-measure variables (Nicoletti et al., 2015).

(Sevillano et al., 2016) found that RHD of seedlings
of Fagus sylvatica and Quercus robur tended to increase
as shading increased, similar to that detected in seedlings
of O. bataua. According to these authors, the higher RHD
of seedlings under shading conditions is due to the fact
that the seedlings prioritized the accumulation of biomass
in the aerial part.

Plants with a greater number of leaves tend to
produce a greater amount of photoassimilates which will
be translocated to different parts of the plant, influencing
the increments in height, roots, stem diameter and
biomass (Quaresma et al., 2021). Palm trees have many
mechanisms to adapt to a shaded environment, such
as adjusting leaf angles for better light interception, and
producing thicker leaves which conftribute to survival,
growth and development in environments with restricted
light (Sylvester & Avalos, 2013; Amadeu et al. 2016). (Gatti
et al., 2011) report that palm trees can acclimate and
develop theirleaves for different conditions. They reiterate
that although the mechanisms involved may be different
between palm trees and woody plants, palm frees are
befter able to adapt to different growing conditions than
woody plants.

In the present work it was observed that seedlings
fertilized with controlled-release fertilizer obtained an
increase in roof dry mass (above 38% in relatfion to the
control), which evidences the positive effect of this
fertilizer in seedling production.
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The highest dry mass of the leaves was in the
environments of 30% and 50% with the doses of 9.24 kg of
fertilizer per m?® of substrate and 7.00 kg of fertilizer per m3
of substrate.

Photorespiration in plants with 3C metabolism
can reach high rates under high light intensity and
temperature conditions, which lead to losses in the
incorporation of CO,, resulting in less accumulated dry
mass (Silva et al. 2018).

Biomass is a variable used to evaluate the quality
of seedlings and can be correlated with the survival and
growth of seedlings in the field, because, when they
have a vigorous root system in balance with the aerial
part, they can establish and grow better in adverse field
conditions, such as in degraded areas (Gibson et al.,
2019). For (Tsakaldimi et al., 2013), plants with lower root
volume may find it difficult o grow and develop in the
final location due to lower water and nutrient absorption.

Seedlings of otherpalmtrees, such asE. oleraceae
(Conforto & Contin, 2009; Zancheta et al., 2013; Dapont
et al., 2016), have shown higher biomass contents when
submitted to shading between 16% and 50% of shading.
(Aravjo et al., 2019), when studying shading levels and
doses of controlled-release ferfilizer, found higher dry
biomass of the stem leaf, root and total in shading
conditions similar to that of this study, however, the doses
of fertilizer reached almost double that determined in this
study.

In was observed that seedlings fertilized with
confrolled-release ferfilizer obtained, respectively, an
increase in root dry mass, shoot dry mass and total dry
mass of 26%, 20% and 17% in relation to the control, which
evidences the positive effect of this fertilizer in seedling
production. A positive effect of controlled-release fertilizer
has been observed on the accumulation of dry mass in
seedlings of forest species (Gasparin et al., 2015; Silva et
al., 2019; Gibson et al., 2019; Cunha et al., 2021; Matos et
al., 2021).

Despite being an index used worldwide, the DQI
varies according to the interaction between genetic and
environmental factors. The DQI is positively correlated with
the survival (Tsakaldimi et al., 2013) and establishment in
the field after transplanting (Santos et al., 2020).

The DQI of Erythroxylum pauferrense (Ribeiro et
al., 2022) and Euterpe Oleraceae (Arauvjo et al., 2019)
seedlings was higher in shade conditions close to 50%.

The higher the DQI, the better the seedling quality
(Binotfto et al., 2010). In this sense, research results point to
an increase in this index when seedlings are subjected
tfo mineral nutrition (Rossa et al., 2013; Rossa et al., 2015;

Gibson et al., 2019; Cabreira et al., 2021; Cunha et al.,
2021).

For O. batauaq,
established DQI and, therefore, this work is a starting point
for establishing a parameter for this species.

Our results are similar to those of (Sevillano et al.,
2016) as they observed a positive correlation between
shoot and roof dry mass, as well as between total dry
mass, height and diameter.

For (Gasparin et al.,, 2015), there is a positive
correlation between the stem diameter and root system,
reflecting the fast establishment of the seedlings at
planting. However, considering the interaction between
shading and fertilizer (Figure 4C), the correlation
between the aforementioned variables was negative,
which can be explained by the need to increase the
doses of confrolled-release fertilizer since the regression
adjustment was linear increasing (Figure 2B).

After studying the effect of shading on seedling
production of Dimorphandra gardneriana TUL., (Santfos-
Moura et al., 2018)
correlations between RDM and DQI and between SMT
and TDM and negative between RDM and H and between
DQI and H, similar to this study, when considering shading
alone (Figure 4 A).

Root dry matter proved highly correlated with
DQI, D, TDM, SDM and LDM in forest seedlings (Binotto
et al., 2010). These authors found positive correlations of
RDM and LDM with H and D e; DQI with variables H and D.
In the first case, according to them, H and Dare indicators
of RDM and LDM and, in the second, it helps the nurseries
in decision making, because, from two non-destructive
variables (H and D), it is possible to predict about the
seedling quality.

(Avelino et al., 2021) found that the IQD was
positively correlated with the biomass of native forest
species, but negative in relation to seedling height. For
them, this negative correlation indicates that the plant
height contributed little in the value of the DQI.

until  then, there was no

found positive and significant

Conclusions

Under the conditions in which the experiment
was carried out, it can be concluded that: 1. The shading
environment and the controlled-release fertilizer positively
influenced the growth and quality of Oenocarpus bataua
seedlings; 2. The seedlings of Oenocarpus bafaua have
better biomeftric characteristics produced in a nursery
with 50% shading; 3. Oenocarpus bataua seedlings show
befter quality when 3.88 kg m-® of controlled release
fertilizer are used.
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