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ABSTRACT

The objective of this work was to evaluate the initial growth of assai seedlings (Euterpe oleraceae)
in response to shading and slow release fertilizer. The experiment was conducted at Embrapa Acre
in a randomized block design using a 4 x 5 factorial scheme with three replicates and 10 plants
per plot. The treatments consisted of four shade environments (20%, 30%, 50% and 75%) and five
levels of slow release fertilizer (0.0, 2.5, 5.0, 7.5 and 10.0 kg m~). The following characteristics
were evaluated: plant height, number of leaves, stem diameter, leaf dry mass, stem dry mass,
root dry mass, total dry mass, and seedlings quality index. The growth of assai seedlings was
influenced by shade environment conditions and slow release fertilizer. Shade environment with
30% or 50% and a dose of 8 kg m~ resulted in better quality seedlings.
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1. INTRODUCTION

The assai (Euterpe oleracea Mart.) is a plant of the
Arecaceae family that occurs throughout the estuary
of the Amazon River, mainly in the States of Para,
Amazonas, Maranhdo and Amapa. According to
Menezes et al. (2008), it is the most productive palm
of the Amazon region being the fruit its main product.

Assai pulp is a source of mineral salts, mainly
calcium and potassium, anthocyanins and fatty acids,
and is considered an energetic food. Its functional value
has been widely promoted, leading to an increase in
demand for the fruit. As a consequence there is an
increase in exploitation of areas containing native assai
palm grove. There are also crop implantations on solid
ground, according to Yokomizo et al. (2016), because
extraction will not be able to meet growing demand.

A quality seedling has better growth conditions
and competes for water, light and nutrients, and
thus represents one of the most important inputs in
the productive process because it will reflect on the
productivity and longevity of field planting. However,
for this to occur it is necessary that it is produced
under conditions that enable better growth, nutrient
absorption and development.

The environmental factors that most influence
seedling production are luminosity and substrate
(Dantas etal., 2009). The first, which can be artificially
modified, can positively affect the growth rate and
plant quality, with different effects depending on the
ecological class of the species. The second is directly
related to the nutritional status of the seedlings, since it
is the basis for containing and supplying the elements
necessary for the plant’s initial growth.

The substrate generally does not have enough
nutrients to support the proper growth of the plant,
which makes it necessary to fertilize it through
granulated fertilizer or to promote leaf fertilization
directly to the seedlings. This process takes time and

labor and leads to increased production costs. Due to
its slow release, it reduces leaching losses and keeps
the plant nourished, therefore slow release fertilizer is
an alternative and can be increased in the productive
process of assai seedlings.

In the literature, the cultivation environment and
the nutritional question for producing assai seedlings
has already been addressed. Conforto & Contin (2009)
verified that the development of assai palms in the
nursery phase was considered satisfactory under
conditions of 50% of the incident radiation, a result
corroborated by Zancheta et al. (2013) and Dapont et al.
(2016). Mendonga et al. (2006) concluded that the use
of the substrate formed by plantmax + coffee bean
peels + sawdust + sand and soil in the proportion of
1:1:1:1:2 v/v associated with a slow release fertilizer
dose of 4 kg m~ is a good alternative for producing
an assai palm seedling grove.

Nevertheless, a study involving the two mentioned
factors was not carried out. Therefore the objective of
this work was to evaluate the initial growth of assai
seedlings under different shade environment conditions
and slow release fertilizer doses.

2. MATERIAL AND METHODS

The experiment was installed and conducted between
November 2015 and September 2016 in the experimental
field of Embrapa Acre, located in the municipality of
Rio Branco, Acre state, with coordinates 10°1°30” S and
67°42’18” W, with an altitude of approximately 160 m.
The climate of the region is hot and humid and classified
as Awi according to the Kdppen classification, with an
annual average temperature of 24.5 °C, relative humidity
of 84% and rainfall between 1,700 and 2,400 mm per
year. The data for the shade environments during the
evaluation period of the experiment were obtained
through Datalogger AK 174 (Table 1).

Were used polyethylene bags with volumetric capacity of
3 liters containing substrate composed of the superficial red

Table 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.

Temperature (°C)

Relative air

Shade levels - — e
Maximum Minimum humidity

20% 32.2 23.7 27.9 82.4%

30% 30.7 23.2 27.0 88.3%

50% 30.4 23.2 26.8 88.9%

75% 2.3 23.6 26.5 91.1%
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argisol soil layer with the following chemical characteristics:
pH (H,0) =4.9;Ca=2.92 cmol dm™; Mg=0.82 cmol_dm™;
K = 0.07 cmol_dm™; Al+H = 3.69 cmol_dm~;
P = 38.22 mg L'; CEC (pH7) = 7.50 cmol_dm™;
BS =50.74%; OM = 11.89 g kg'. An assai palm seed
(Euterpe oleraceae Mart.), Cv. BRS-Par4, was placed in
each of the containers (plastic bags) placed directly on
the floor of the shadehouse and spaced 20 cm apart,
pre-twinned and in the toothpick stage, obtained by
sowing containing tanned sawdust.

The experimental design was a randomized
block with three replicates and 10 plants per plot in a
4 x 5 factorial scheme with four shade environments
(20%, 30%, 50% and 75%) and five slow release fertilizer
doses (0.0, 2.5, 5.0, 7.5 and 10.0 kg m~) mixed with
the substrate. Each shade environment had dimensions
of 3.5m x 5.50 m x 2.35 m (width, length and height,
respectively) and the base (floor) was constituted of
gravel no. 1. The slow release fertilizer used was the
Osmocote 15-09-12, with a release time occurring over
eight months and the following nutritional guarantees:
15% N; 9% PZOS; 12% KZO; 1.3% Mg; 6% S; 0.05% Cu;
0.46% Fe; 0.06% Mn; 0.02% Mo.

The seedlings were irrigated by a micro sprinkler
system aiming to maintain the substrate at 75% of field
capacity. Hand weeding was performed monthly to
control weeds. No pest or disease control was carried
out because it was unnecessary.

The characteristics evaluated at 240 days after
transplanting the seedlings were: plant height (cm),
measured between the stem and the emission point
of the leaflet of the highest leaf; stem diameter (mm),
measured at 2 cm from the soil surface using a digital

caliper; and number of active leaves, being those with
chlorophyll area above 50%.

Afterwards, the polyethylene bags and the clod
adhered to the roots were removed so the plants could
be washed in clean running water to remove excess
substrate. Then, the parts of the seedlings (shoots
(stem and leaves) and root system) were separated with
pruning shears, packed in paper bags with a capacity
of 0.5 kg and taken to the Embrapa Acre bromatology
laboratory to be dried in an oven at 65 °C until reaching
a constant mass to determine the dry mass of: stem
(g), leaves (g), roots (g) and total dry mass (g), using
a precision scale.

Seed quality index (DQI) was determined as a
function of total dry mass (TDM), plant height (H),
stem diameter (SD), shoot dry mass (SDM), and root
dry mass (RDM), according to the following Formula 1
(Dickson et al., 1960):

DM (g)

bor= (H(cm)/SD (mm)+(SDM (g)/RDM (g))

(6]

Data were submitted to analysis of variance (ANOVA).
The Tukey test was applied for the qualitative factor and
regression analysis was performed for the quantitative
factor, both at 5% probability.

3. RESULTS AND DISCUSSION

There was interaction between shade environments
and slow release fertilizer doses for the variables plant
height and stem diameter. The number of leaves was
only influenced by the isolated effect of the shade
environment (Table 2).

Table 2. Analysis of variance for plant height (PH), stem diameter (SD), number of leaves (NL), leaf dry mass
(LDM), stem dry mass (SDM), root dry mass (RDM), total dry mass (TDM) and Dickson quality index (DQI) of
assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in response to shading (ES) and slow

release fertilizer (F). Rio Branco, Acre, 2017.

Source ES (E) Doses (D) ExD Block Residual Mean CV (%)
d.f. 3 4 2 571 - -
PH 2150.12% 3195.05* 209.83* 83.43 45.71 36.26 18.65
SD 186.81* 467.56* 21.98% 9.24 7.29 16.66 16.21
NL 10.98* 3.14" 5.22" 2.15 3.02 4.95 35.1
Mean Square LDM 44.24* 304.93* 10.64* 3.98 2.18 5.32 27.77
(MS) SDM 45.98* 124.22* 4.01% 0.95 0.86 3.11 29.78
RDM 357.54* 261.05* 63.26* 1.72 1.9 3.78 26.5
TDM 558.93* 1316.45* 40.35* 15.38 11.81 12.22 28.12
DQI 0.19* 0.27* 0.01* 3.04 0.01 0.53 2.81

*Significance at 5%. “not significant according to the F-test. CV = coefficient of variation.
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Plant height was adjusted to the quadratic regression
model for all environments as a function of slow release
fertilizer doses (Figure 1). The environments with 50%
and 75% shade promoted the highest heights, being
44.68 cm with the dose of 6.46 kg m~ and 43.89 cm
with the dose of 7.25 kg m™, respectively.

According to Lopes et al. (2013), the ability to grow
in height when shaded is an important mechanism in
species adaptation with strategies of being competitors
or even pioneers. It is a way to overcome the light
deficiency, since these species are not able to tolerate
low light intensities by adjusting their metabolic rates.

Conforto & Contin (2009) verified that the shoot
height of assai seedlings groves was not affected by
the light treatment (50% and 16%). Differently, in
this study 20% of shade resulted in lower plant height.

The literature finds that slow release fertilizers
cause an increase in the seedling height of forest species
(Dutra et al., 2016; Rossa et al., 2013; Zamunér et al.,

2012; Langetal,, 2011; Rossa etal., 2011; Brondani et al.,
2008).

Plant height is one of the main biometric characteristics
used in evaluating seedling growth. As it is easily
measured and not destructive, it has been routinely
determined in experiments related to plant species
propagation. However, it should not be considered in
isolation, since a taller seedling does not necessarily
mean better quality. In some cases, light deficiency or
excess nitrogen cause the plants to etiolation, which
is mainly characterized by higher plant height and
reduced stem diameter and dry masses.

The stem diameter was adjusted to the quadratic
regression model for the shade environments as a
function of the slow release fertilizer doses, except
for the 30% shade environment whose adjustment
was linear (Figure 2). The highest values of 19.18 mm,
19.53 mm and 19.80 mm were obtained with doses of
7.13 kg m™, 6.87 kg m~ and 10 kg m~ in 50%, 20%
and 30% shade environments, respectively.
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Figure 1. Plant height (PH) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in response
to shading and slow release fertilizer. Rio Branco, Acre, 2017.
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Figure 2. Stem diameter (SD) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in
response to shading and slow release fertilizer. Rio Branco, Acre, 2017.
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Although Zancheta et al. (2013) showed that
assai seedlings require shade levels close to 50%, the
values of the stem diameters in the 20% and 30%
environments were very close to the level related to
50% shading, probably due to the effect promoted by
release fertilizer on plant growth.

The shade environment related to 75% led to the
smallest diameter of the plants, independent of the
slow release fertilizer doses applied. This may have
occurred due to the reduced metabolic rates and less
photoassimilate availability, which is essential to plant
growth since there is a decrease in photosynthesis in
shaded environments (Silva et al., 2007; Favreto et al.,
2010). Dapont et al. (2016) observed that the stem
diameter in assai seedling groves decreased as a function
of increased shading. Gatti et al. (2011) verified that
10% of maximum irradiance input led Euterpe edulis
plants to reach the smallest stem diameter.

Dutraetal. (2016), Lang etal. (2011) and Martins etal.
(2011) verified an increase in stem diameter due to the
application of slow release fertilizer in: Peltophorum
dubium, Tabebuia avellanedae and Anadenanthera
colubrina, Chaenomeles sinensis, respectively.

Shade environments, slow release fertilizer doses,
as well as the interaction between these two factors
had a significant influence (p < 0.05) on the dry mass
variables of leaves, shoot, root, total dry mass and
quality index of seedlings (Table 2).

Environments with 20%, 30% and 50% shade resulted
in seedlings with a greater number of leaves (Table 3).

According to César et al. (2014), a greater number
ofleaves in intermediate shades close to 47% observed

Leaf dry mass (g)
I
=3
=]

in the Pterogyne nitens species can be attributed to
optimizing photosynthesis and microclimatic conditions,
with a reflection on greater carbohydrate accumulation
and accelerated leaf emission. Gatti et al. (2011) verified
that the annual production of Euterpe edulis leaves
increased with increasing irradiance, being higher
in the treatments corresponding to 65%, lower in the
treatment with 10% light, and intermediate in treatments
with 30% and 40% of the maximum light. Intermediate
shading of around 30% resulted in a higher number of
leaves in coffee seedlings (César et al., 2010). For the
Schizolobium parahyba species, the number of leaves
was not influenced by shading levels of 30%, 50% and
70% (Caron et al., 2010).

Leaf dry mass adjusted to the quadratic regression
model for shade environments as a function of slow
release fertilizer doses (Figure 3). 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 m® of substrate, obtaining
6.88 g and 6.76 g, respectively.

Table 3. Number of leaves (NL) of assai seedlings
(Euterpe oleracea) evaluated at 240 days after
transplanting in response to shading and slow release
fertilizer. Rio Branco, Acre, 2017.

Shading (%) NL
20 5.10a
30 5.07 a
50 5.09a
75 4.54b
CV (%) 36.5

Means followed by the same letter do not differ by the Tukey
test (p > 0.05).

20

3.00 ¢y =-0.0701x2 + 1.0306x + 2.7603 R* = 0.8884
2.00 2 my =-0.0477x2 + 0.8818x +2.9323 R = 0.8287 30
. A y=-0.0947x2 + 1.3262x +2.7477 R2= 0.9177 A50
’ X y =-0.0489x2 + 0.7163x + 2.8246 R? = 0.9258
X75
0.00
0 2.5 5 75 10

Slow release fertilizer doses (kg m™)

Figure 3. Leaf dry mass (LDM) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in
response to shading and slow release fertilizer. Rio Branco, Acre, 2017.
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The leaf dry mass values determined in this study are
more than twice those detected by Conforto & Contin
(2009) for the same species at the same evaluation time
and submitted to two levels of radiation attenuation
(50% and 16%). This can be explained by the addition
of the slow release fertilizer that led the plants to show
higher growth, since fertilization is one of the main
factors for plant growth.

In the work developed by Nakazono et al. (2001),
Euterpe edulis seedlings in 20%, 30% and 50% shade
environments showed a greater increase in the leaf,
root and shoot dry mass (stem and leaves).

The dry mass of coffee leaves was higher when a
slow release fertilizer dose of up to 15.28 kg m~ of
plantmax substrate was applied (Marana et al., 2008).
For the angico-branco species, Brondani et al. (2008)
verified a quadratic increase of leaf dry mass as a
function of slow release fertilizer doses.

The zero fertilizer dose resulted in lower values of
the analyzed variables for all environments, including
dryleaf mass, which leads to the conclusion that there is
aneed for supplementing nutrition for the satisfactory
growth of assai seedlings.

For stem dry mass, there was an adjustment to the
quadratic regression model for different environments
due to the applied slow release fertilizer doses (Figure 4).
The environments with 30% and 50% shade in the
7 kg fertilizer doses per m’ of substrate and 9.2 kg
of fertilizer per m’ of substrate presented the highest
values of dry mass with 4.41 g and 4.58 g, respectively.

In an 8 month-old assai seedling grove, Conforto
& Contin (2009) recorded a mean of 3.42 gand 3.73 g

Stem dry mass (g)
w

for the stem in environments with 50% and 16% of
shade, respectively. Dapont et al. (2016) found that the
shoot dry mass of assai seedlings (Euterpe oleracea)
occurred in an environment with 40% shade.

According to Larcher (2006), plants submitted
to environments with higher light intensity levels
present higher values for dry mass accumulation due
to better liquid assimilation. However, this depends
on the species and even on other conditions that may
interfere with the production environment.

According to Viégas et al. (2009), the fertilization
directly influences the increase and mass accumulation
of the stem, where assai plants with nutritional deficits
presented reductions in the dry mass of 70% when
compared to fertilized plants.

When studying the effect of the slow release fertilizer
associated to substrates in the production of assai
seedlings in a nursery with 50% shade, Mendonga et al.
(2006) obtained seedlings with a higher shoot dry mass
until the maximum dose of 4 kg m™.

There was adjustment to the quadratic regression
model for root dry mass in the environments of 20%,
30% and 50% of shade, respectively, resulting in
3.89 g with the dose of 8.52 kg m™, 4.86 g at the dose
of 7.06 kg m~ and 4.62 g at the dose of 8.67 kg m~
substrate (Figure 5). The environment related to 75%
shade was not significant (p > 0.05).

Thus, the root dry mass of the assai increased
with increasing doses of slow release fertilizer; a fact
observed in different species: rubber tree rootstock
(Zamunér et al., 2012); banana tree (Martins et al.,
2011; Nomura et al., 2009); peach palm (Martins et al.,

4y =-0.0397x2 + 0.6354x + 1.4383 R*=0.9738

my =-0.0254x2 + 0.5521x + 1.6649 R*> = 0.9358

A y=-0.0366x2 + 0.6529x + 1.6689R2 = 0.9986 430

Xy =-0.0307x2 + 0.4342x + 1.2997 R*=0.9746  X75

0 2%

5 7.5 10

Slow release fertilizer doses (kg m)

Figure 4. Stem dry mass (SDM) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in
response to shading and slow release fertilizer. Rio Branco, Acre, 2017.
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2007); and tamarind (Mendonga et al., 2008). However,
according to Poorter & Nagel (2000), fertilizer levels
above what is necessary can compromise root dry
biomass, especially when they reach toxic levels.

It can be noticed that seedlings produced in
environments with medium to high luminosity
present higher dry root mass content. In this direction,
Carvalho et al. (2006) report that plants with greater
light intensity have greater dry mass accumulation
in the root, which allows greater absorption of water
and nutrients. This strategy can guarantee the plant
the ability to withstand higher photosynthesis and
transpiration rates in more illuminated environments.
According to Bonamigo et al. (2016), the greater the root
system dry mass, the greater the survival and quality
of the plant, because there will be greater facility for

nourishment and greater area for water and nutrients
absorption by the plants.

The total dry mass of the assai seedlings conformed
to the quadratic regression model for the different
shade environments and slow release fertilizer doses
(Figure 6). The environments with shade levels of 30%
and 50% at the doses of 9.47 kg m~ and 7.8 kg m~*
of substrate presented the highest values of total dry
mass, being 16.53 g and 16.57 g, respectively.

Results observed by Dapont et al. (2016) confirm
that assai seedlings (E. oleracea) present a higher
total dry mass in shades of 20% to 50%. In Euterpe
edulis seedlings submitted to environments of 70%
to 96% luminosity, a greater increase of dry mass
was verified in the seedlings (Nakazono et al., 2001).
Reis et al. (2016) verified higher total dry mass value

C)
24
<
£
[
°3
2 & ¢y =-0.0312x2 + 0.5316x + 2.806 R> = 0.7782
*
M s my=-0.0253x2 + 0.433x + 3.0703 R* = 0.6018 30
A y=-0.0199x2 + 0.3453x + 3.1234 R? = 0.8008 A0
1
0
0 25 5 75 10

Slow release fertilizer doses (kg m™)

Figure 5. Root dry mass (RDM) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in
response to shading and slow release fertilizer. Rio Branco, Acre, 2017.

3
g
g
)
o
=
g .
=6 % +y=-0.1413x2 + 2.2006x + 7.0123 R? = 0.898
i my=-0.0985x2 + 1.8675x + 7.6826 R*=0.8614 A50
A y=-0.1488x2 +2.32x + 7.53 R2= 0.947 X75
2 Xy =-0.0961x2 + 1.3783x + 6.0266 R*> = 0.9646
0
0 2.5 5 7.5 10

Slow release fertilizer doses (kg m™)

Figure 6. Total dry mass (TDM) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting in
response to shading and slow release fertilizer. Rio Branco, Acre, 2017.
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4.5

Seedling quality index (DQI)

* ¢y =-0.0245x2 + 0.4198x + 2.1263 R? = 0.7893
1.5 W30
my=-0.0138x2+ 0.2979x + 2.2011 R? = 0.9443
1
A y=-0.0128x2+ 0.2424x + 2.242 R? = 0.8582 A50
0.5
0 25 5 7.5 10

Slow release fertilizer doses (kg m™)

Figure 7. Dickson Quality Index (DQI) of assai seedlings (Euterpe oleracea) evaluated at 240 days after transplanting
in response to shading and slow release fertilizer. Rio Branco, Acre, 2017.

in Copaifera langsdorf{fii seedlings in an environment
with 54% shading.

Eucalyptus seedlings had their total dry mass
increased as a function of slow release fertilizer doses
and substrates (Silva et al., 2013), as well as papaya
seedlings (Serrano et al., 2010). Moraes et al. (2003)
verified that seedlings of five tree species had better
quality, including higher total biomass when fertilized
with controlled release fertilizer.

For the Dickson quality index, there was an
adjustment to the quadratic regression model due to
the shadow environment and slow release fertilizer
(Figure 7). The environment related to 75% of shade
had no significance, and the environment of 20%
presented higher DQI value, being 3.92 in the dose
of 8.56 kg m™* of substrate.

Aguiar etal. (2011) obtained better results for quality
index of Brazilwood seedlings (Caesalpinia echinata)
in environments with 20% shade. Lopes et al. (2013)
verified that A. germinans seedlings presented higher
DQI values obtained in full sun and 30% shading. Ina
20% shade growing environment, Maranho & Paiva
(2012) observed higher DQI for rosewood seedlings
(Physocalymma scaberrimum).

Dutra et al. (2016) did not detect an effect of slow
release fertilizers on the DQI variable in Cassia-fistula,
L. seedlings. Rossa et al. (2014), Melo et al. (2015)
and Rossa et al. (2015) detected positive effects of
slow release fertilizer doses on Gallesia integrifolia,
yellow passion fruit, red angico and red passion fruit
seedlings, respectively.

Cruz et al. (2011) affirm that the DQI, as it
expresses the quality of the seedlings, considers the
robustness and balance of the biomass distribution in
the seedling. According to Santelices et al. (2015), it
depends on several production factors such as sowing
time, pre-germination treatments and fertilization.
In this work, in addition to the mentioned factors,
it is evident that shading and its interaction with
slow release fertilizer influence the quality index of
seedlings.

There is still no recommended DQI value for
producing assai seedlings. This value should be
established and validated at the field level.

4. CONCLUSIONS

The growth of assai seedling groves is influenced
by shade environment conditions and slow release
fertilizer doses.

In the production of assai seedlings, the environment
with 30% or 50% shade with 8 kg gradual release
fertilizer dose per m? of substrate provides higher
quality seedlings.
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