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Environment and slow-release fertilizer 
in the production of Euterpe precatoria seedlings1

Ueliton Oliveira de Almeida2, Romeu de Carvalho Andrade Neto3, 
Aureny Maria Pereira Lunz3, Sônia Regina Nogueira3, David Aquino da Costa2, James Maciel de Araújo2

INTRODUCTION

Single-stemmed Euterpe precatoria Mart. 
belongs to the Arecaceae family and is a neotropical 
palm of sub-canopy height, native to a region that 
extends from Central America to the north of South 
America (Henderson 1995). In Brazil, the species 

ABSTRACT RESUMO

occurs in lowland forests - which flood seasonally, 
and in dry land forests, located in the states of Acre, 
Amazonas, Rondônia and Pará (Ferreira 2012).

The pulp is obtained by processing the fruits, 
which have a huge nutritional quality, being a source 
of minerals, mainly calcium and potassium, energy 
supplies, anthocyanins and fatty acids important 
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Euterpe precatoria Mart. has been demanded due to the 
functional characteristics of its fruits and, therefore, its planting 
has been encouraged. However, there is a lack of information 
about the seedling production system of this palm tree. Neither 
a favorable environment nor the amount of fertilizer in the 
substrate have been defined for the production of healthy and 
vigorous seedlings. This study aimed to evaluate the effect 
of environments and doses of a slow-release fertilizer on the 
production of E. precatoria seedlings. The experiment was 
conducted in a randomized block design, with three replications 
and ten plants per plot. The treatments were arranged in a 
4 x 5 factorial scheme, with four environments (under shading 
levels of 20 %, 30 %, 50 % and 75 %) and five doses of a slow-
release fertilizer (0.0 kg m-3, 2.5 kg m-3, 5.0 kg m-3, 7.5 kg m-3 
and 10.0 kg m-3 of substrate). The seedling height; root collar 
diameter; number of leaves; leaf, shoot, root and total dry 
mass; and the Dickson quality index were analyzed. There 
were significant interactions between the shaded environments 
and slow-release fertilizer doses for all the analyzed variables. 
The 75 %-shaded environment yielded better quality seedlings. 
The slow-release fertilizer can be used to produce E. precatoria 
seedlings in environments under shading levels of 50 % and 
75 %, being the 4.60 kg m-3 and 8 kg m-3 doses, respectively, 
the most recommended ones.

KEYWORDS: Euterpe precatoria Mart.; mineral nutrition; 
plant propagation.

Ambiente e fertilizante de liberação lenta 
na produção de mudas de açaizeiro solteiro

O açaizeiro solteiro vem sendo demandado devido às 
características funcionais dos frutos e, por isso, seu plantio tem 
sido incentivado. Todavia, não há informações acerca do sistema 
de produção da muda, bem como não estão definidos o ambiente 
adequado e nem a quantidade de adubo que possa compor o 
substrato, a fim de formar uma muda sadia e vigorosa. Objetivou-
se avaliar o efeito de ambientes e doses de fertilizante de liberação 
lenta na produção de mudas de açaizeiro. Utilizou-se delineamento 
em blocos casualizados, com três repetições e dez plantas por 
parcela. Os tratamentos foram arranjados em esquema fatorial 4 x 5, 
sendo quatro ambientes (20 %, 30 %, 50 % e 75 % de sombra) e 
cinco doses de fertilizante de liberação lenta (0,0 kg m-3; 2,5 kg m-3; 
5,0 kg m-3; 7,5 kg m-3; e 10,0 kg m-3 de substrato). Foram analisados 
a altura da muda; diâmetro do coleto; número de folhas; massa seca 
das folhas, do estipe, das raízes e total; e o índice de qualidade de 
mudas. Houve interação significativa entre os ambientes de sombra 
e as doses de adubo de liberação lenta para todas as variáveis 
analisadas. O ambiente com 75 % de sombra proporciona mudas de 
melhor qualidade. O fertilizante de liberação lenta pode ser utilizado 
para a produção de mudas de açaizeiro solteiro em ambientes com 
50 % e 75 % de sombra, sendo as doses de 4,60 kg m-3 e 8 kg m-3, 
respectivamente, as mais indicadas.

PALAVRAS-CHAVE: Euterpe precatoria Mart.; nutrição 
mineral; propagação vegetal.
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for the human diet (Yuyama et al. 2011). Fruits 
are consumed in different ways, such as juices, ice 
creams, smoothies, popsicles, liqueurs and wines.

Considering that E. precatoria cannot be 
propagated by tillering, its seeds are one of the 
main mechanisms of propagation of the species. For 
commercial cultivation, obtaining quality seedlings 
is one of the main stages of the production system, 
since about 60 % of the success of this fruticulture 
depends on good seedlings (Zaccheo et al. 2013). 
Thus, the adoption of cultivation techniques which 
allow for a better seedling growth and development 
is required for an adequate growth, establishment, 
vigor, longevity and field yield.

Among the most important factors of seedling 
production for this fruit species are the substrate, 
container and seed quality - directly related to the 
matrix plant, besides the cultivation environment 
and mineral nutrition. For the latter, the substrate 
does not often have sufficient nutrients to promote a 
satisfactory and adequate plant growth.

The environment in which the seedlings 
are produced is of utmost importance, because 
their adaptation to it will depend on how well 
their photosynthetic apparatus is adjusted to this 
environment, in a way that the available daylight 
can be more efficiently used (Silva et al. 2007). In 
this regard, some studies have been carried out, for 
instance, addressing E. oleracea (Conforto & Contin 
2009, Dapont et al. 2016) and E. edulis (Nakazono et 
al. 2001, Tsukamoto Filho et al. 2001, Ribeiro et al. 
2011), but little has been found about the behavior of 
E. precatoria under those conditions. For this reason, 
more research on adequate cultivation environments 
is needed, especially in what regards shading levels 
for the formation of good-quality seedlings.

Artificial shading can positively affect growth 
rates and seedling quality, with different effects 
depending on the ecological class of the species. 
These effects are directly related to the water and 
nutritional state of the seedlings (Caron et al. 2010).

It is practically impossible to find a substrate 
that contains, besides good physical characteristics, 
an adequate content of nutrients able to supply the 
plant needs, especially plants whose formation takes 
more than eight months. Therefore, fertilization is 
imperative, preferably performed in split applications, 
which is more effective in terms of obtaining better 
quality seedlings. However, this practice requires 
time, labor and equipment, which will lead to an 

increased production cost, what is a problem in the 
production process.

The use of slow-release fertilizers is crucial 
to enhance the results obtained for fruit seedling 
production, as nutrients are continuously made 
available to the plant over a sustained period of 
time, with reduced risks of deficiencies caused by 
losses via leaching and volatilization (Mendonça et 
al. 2006), thus minimizing operational costs, as split 
applications are not required (Mendonça et al. 2007). 
Moreover, it can promote a rapid plant growth, in 
comparison to conventional fertilizers (Almeida et 
al. 2012).

Therefore, taking into account the lack 
of information about the production system of 
E. precatoria seedlings, especially regarding an 
appropriate cultivation environment and the adequate 
amount of fertilizer in the substrate for healthy and 
vigorous seedlings, this study aimed to evaluate 
the characteristics of E. precatoria seedlings under 
different shading levels and doses of slow-release 
fertilizers. 

MATERIAL AND METHODS

The experiment was conducted in a seedling 
nursery at the Embrapa Acre, in Rio Branco, Acre 
state, Brazil (10º1’30”S, 67º42’18”W and 160 m of 
altitude), from January 2016 to January 2017. The 
climate of the region is Awi, hot and humid, according 
to the Köppen classification, with an annual average 
temperature of 24.5 ºC, relative humidity of 84 % 
and annual rainfall of 1,700-2,400 mm. During the 
evaluation period, data about the environments under 
analysis were collected using a Datalogger AK 174 
(Table 1).

The seedlings were produced in polyethylene 
bags with volume capacity of 3.1 L, measuring 18 cm 
in diameter and 30 cm in height, containing substrate 
composed only by soil from the surface layer of 

Shaded 
environment

Temperature (ºC) Relative 
humidity (%)Maximum Minimum Average

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 % 29.3 23.6 26.5 91.1

Table 1. Mean values of temperature and relative humidity 
observed for Euterpe precatoria in shaded environments 
throughout the experiment.
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a Red Argisol with the following characteristics: 
pH (H2O) = 4.9; Ca = 2.92 cmolc dm-3; Mg = 
0.82 cmolc dm-3; K = 0.07 cmolc dm-3; Al + H = 
3.69 cmolc dm-3; P = 38.22 mg L-1; CEC (pH7) = 
7.50 cmolc dm-3; SB = 3.81 cmolc dm-3; V(%) = 50.74; 
OM = 11.89 g kg-1. 

The study adopted a complete randomized 
block design, with three replications and ten plants 
per plot. The treatments were arranged in a 4 x 5 
factorial scheme, with four shaded environments 
(Sombrite® shade-cloth of 20 %, 30 %, 50 % and 
75 %) and five doses of slow-release fertilizer 
(0.0 kg m-3, 2.5 kg m-3, 5.0 kg m-3, 7.5 kg m-3 and 
10.0 kg m-3) added to, mixed and homogenized in the 
substrate prior to filling the bags. The slow-release 
fertilizer used was Osmocote® 15-09-12 8M, whose 
release time is eight months and has the following 
nutritional guarantees, according to the manufacturer: 
N = 15 %; P2O5 = 9 %; K2O = 12 %; Mg = 1.3 %; 
S = 6 %; Cu = 0.05 %; Fe = 0.46 %; Mn = 0.06 %; 
Mo = 0.02 %. 

In the experiment, seedlings were irrigated 
daily by an intermittent spraying system (morning 
and afternoon), in order to maintain 80 % of the 
field capacity and keep the weed control by manual 
tillage.

At 360 days after pricking out, the evaluated 
variables were as it follows: plant height (cm), 
measured between the root collar and the youngest 
emergent leaflet; root collar diameter (mm; CD); and 
number of active leaves. Subsequently, the shoot 
(stipe and leaves) and the root systems were separated 
and dried in an oven at a temperature of 65 ºC, until 
reaching a constant mass, thus allowing the weighing 
of the leaf, shoot (SDM), root (RDM) and total dry 
mass (TDM), using a precision scale.

The determination of the Dickson quality 
index (DQI) was calculated according to the 
following formula (Dickson et al. 1960): 

DQI =        TDM
                H  +  SDM
               CD     RDM
                                  
The data were submitted to analysis of 

variance. The means of the qualitative treatments 
were compared by the Tukey test at a 0.05 significance 
level, and the quantitative treatments (slow-release 
fertilizer doses) were submitted to regression 
analysis.

 
RESULTS AND DISCUSSION

The analyses of variance showed that all the 
E. precatoria growth variables were influenced by the 
different shaded environments and by the interaction 
between such environments and the slow-release 
fertilizer doses. Concerning the slow-release fertilizer 
doses, only the root dry mass and the DQI were not 
significant (Table 2).

 These results indicate that E. precatoria 
seedlings respond to chemical fertilization, a fact 
that is corroborated by Mendonça et al. (2006) and 
Araújo et al. (2016), for E. oleracea in a shaded 
environment, and confirmed by Dapont et al. 
(2016) for E. oleraceae and by Poorter (1999) for 
E. precatoria, thus evincing a relation between 
these two factors in the production of E. precatoria 
seedlings in the present study.

For the variable seedling height, the behavior 
of the doses followed an increasing linear model 
for the 30 %-shaded environment and a quadratic 
model for the 50 %- and 75 %-shaded environments. 
There was no effect of the fertilizer doses on the 
20 %-shaded environment (Figure 1). The maximum 
height was 41.40 cm, with an estimated fertilizer 
dose of 8.18 kg m-3 of substrate in the 75 %-shaded 
environment. This value is approximately 91 % 
higher than the highest value obtained for the 

Source of variation DF H (cm) CD (mm) NL LDM (g) SDM (g) RDM (g) TDM (g) DQI
Shade (S)   3 1,901.00** 46.55** 14.17** 49.38** 13.57**   7.99** 170.24**   2.12**
Dose (D)   4     75.82**   7.84** 0.54*   3.51**   1.45** 0.45ns   15.31**   0.25ns

S x D 12     41.71** 3.13*   0.52**   2.55**   1.37**   0.89**   11.22**   0.39*
Block   2 0.45 0.01 0.64 0.18 0.64 0.05   1.72   0.03
Residue 38 3.98 0.87 0.18 0.37 0.20 0.23   1.91   0.16
CV (%) 9.13 9.53 12.39 18.53 19.57 22.30 17.92 24.70

Table 2. Mean square values for plant height (H); root collar diameter (CD); number of leaves (NL); leaf (LDM), shoot (SDM), root 
(RDM) and total dry mass (TDM); and the Dickson quality index (DQI) of Euterpe precatoria seedlings produced under 
different shaded environments and slow-release fertilizer doses.
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50 %-shaded environment, which yielded seedlings 
with a mean height of 21.68 cm, with a fertilizer 
dose of 4.71 kg m-3 (Figure 1). According to Freitas 
et al. (2011), height is an important biometric 
variable used to indicate if the seedlings are suitable 
for permanent planting in the field. Based on their 
evaluations of a slow-release fertilizer, several 
authors have demonstrated that its use leads to an 
increase in the height of fruit seedlings, for instance 
E. precatoria (Mendonça et al. 2006), yellow passion 
fruit (Mendonça et al. 2007), tamarind (Mendonça 
et al. 2008), papaya (Serrano et al. 2010), pineapple 
(Freitas et al. 2011) and Suriname cherry (Eli et al. 
2013).

As for the use of shade cloths, it was observed 
that E. precatoria showed a higher height in 
environments with higher shading levels (Figure 1), 
what demonstrates its ability to adapt to conditions of 
light restriction (Silva et al. 2007), unlike E. oleracea, 
which develops better under intermediate shading 
levels (Oliveira et al. 2002, Dapont et al. 2016). 
Poorter (1999) also observed a higher height in 
E. precatoria seedlings, when subjected to a very 
intense shading (75 %). Conforto & Contin (2009) 
found, for E. oleracea seedlings, that there was no 
significant difference in height between environments 
under 16 % and 50 % of shading; however, the 
authors mention that the latter is preferable, possibly 
because it yielded plants with a greater leaf area, 
thus making a better use of the available energy in 
the environment.

As for the root collar diameter, an increasing 
linear behavior was observed for the slow-release 

fertilizer doses applied to the 75 %-shaded environment, 
where the maximum value (13.56 mm) was reached 
with the dose of 10 kg m-3 (Figure 2). For the 
50 %-shaded environment, the fertilizer kept an 
increment up to the dose of 4.94 kg m-3, obtaining a root 
collar diameter of 11.15 mm. According to Valladares 
et al. (2011), shade-tolerant plants show larger collar 
diameters, if compared to intolerant plants.

Dapont et al. (2016) demonstrated that 
increased shading levels reduce the collar diameter 
in E. oleracea, as opposed to E. precatoria, once the 
best responses were obtained in environments under 
higher shading levels. When examining the factors, 
it was found that the doses did not influence the root 
collar diameter in the 20 %-shaded environment.

Plants with a larger collar diameter tend to 
show more capabilities of survival and establishment 
after transplanting, what makes this variable 
extremely important (Mota et al. 2012). Therefore, 
there seems to be a correlation between collar 
diameter and survival, as well as between collar 
diameter and dry biomass, as mentioned by Pinto 
et al. (2016).

As for the number of leaves, an increasing 
linear behavior of the doses applied to the 20 %-shaded 
environment was observed, where the highest value 
(4.41) was reached with the dose of 10 kg m-3 of 
slow-release fertilizer (Figure 3). In the 50 %-shaded 
environment, the adjustment followed the quadratic 
regression model, where the maximum number 
of leaves (3.24) was reached with the dose of 
5.50 kg m-3 of fertilizer. Although there was no 
significant difference between the different fertilizer 

Figure 1. Height of Euterpe precatoria seedlings under different 
shaded environments and slow-release fertilizer doses.

Figure 2. Collar diameter of Euterpe precatoria seedlings under 
different shaded environments and slow-release 
fertilizer doses.
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doses applied to the 75 %-shaded environment, the 
average number of leaves was 4.44.

Gatti et al. (2011) verified that the annual 
production of E. edulis leaves increased with an 
increasing irradiance, being higher in the treatments 
subjected to 65 % of light, lower in those subjected 
to 10 % of light, and intermediate in those subjected 
to 30 % and 40 % of maximum light. According 
to Silva et al. (2007), a greater number of leaves 
indicates a greater efficiency in the production of 
photoassimilates, which are translocated for growth 
in height and collar diameter, and for dry mass 
accumulation.

Nursery farmers who use seeds to produce 
E. precatoria seedlings should consider these as 
suitable for transplanting when they reach a height 
between 40 cm and 60 cm, at least five physiologically 
active leaves and collar diameter thicker than the 
plant extremities within a period of 4-8 months after 
the emergence of seedlings (Oliveira et al. 2002). 
Although E. precatoria seedlings showed a slow 
growth, the results obtained for height and collar 
diameter were within the established standard, when 
produced in a 75 %-shaded environment.

Regarding the leaf (Figure 4A), root (Figure 4C) 
and total dry mass (Figure 4D), a quadratic behavior 
was observed for the 50 %- and 75 %-shaded 
environments. Shoot dry mass showed an increasing 
linear response to the 75 %-shaded environment and 
a quadratic one to the 50 %-shaded environment 
(Figure 4B). For such variables, there was no 
significant effect of the fertilizer on the 20 %- and 
30 %-shaded environments (Figures 4A, 4B, 4C 
and 4D), what implies that, in this case, the effect of 

Figure 3. Number of leaves of Euterpe precatoria seedlings 
under different shaded environments and slow-release 
fertilizer doses.

Figure 4. Leaf (4A), shoot (4B), root (4C) and total dry mass 
(4D) of Euterpe precatoria seedlings under different 
shaded environments and slow-release fertilizer doses.
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the fertilizer is evident only in environments under 
shading levels above 50 %.

The maximum values reached for leaf, shoot, 
root and total dry mass were 6.83 g, 4.65 g, 3.61 g 
and 14.55 g, with slow-release fertilizer doses of 
7.37 kg m-3, 10.0 kg m-3, 7.13 kg m-3 and 8.0 kg m-3 
(Figures 4A, 4B, 4C and 4D), respectively, in the 
75 %-shaded environment.

Conforto & Contin (2009) verified that, under 
the shading levels of 50 % and 16 %, E. oleraceae 
seedlings showed 3.42 g and 3.73 g for shoot dry 
mass; 2.42 g and 2.53 g for root dry mass; and 3.02 g 
and 3.23 g for leaf dry mass, respectively.

Mendonça et al. (2006) studied the effect of 
slow-release fertilizers associated with substrates 
in the production of E. precatoria seedlings and 
obtained a better development and no symptoms of 
phytotoxicity up to the maximum dose of 4 kg m-3. A 
similar behavior was observed in other palm species 
such as E. edulis (Nakazono et al. 2001, Tsukamoto 
Filho et al. 2001) and Syagrus coronata (Carvalho et 
al. 2006), when exposed to a higher light intensity. 
According to Kitao et al. (2000), a prolonged 
exposure to high irradiances may be detrimental to 
plants, as they may absorb more light photons than 
necessary, resulting in photoinhibition or even plant 
death.

The higher levels of root dry mass observed 
in the 75 %-shaded environment may favor a good 
performance of seedlings in the field, since the 
plant survival levels and quality will be higher for 
its easiness to stay upright and its better nutrient 
absorption, given that the root system is more 
expressive (Bonamigo et al. 2016). Additionally, 
the higher levels of total dry mass obtained in those 
environments also indicate higher survival levels 
of the seedlings, when transplanted (Serrano et al. 
2010).

The results observed in the present study 
showed that the dry biomass levels were lower 
in environments with higher luminosity, what 
indicates that excessive light reduces the growth of 
E. precatoria seedlings, characterizing it as a shade-
tolerant species, since it has a sub-canopy, according 
to Henderson (1995).

The Dickson quality index (DQI) was adjusted 
to the quadratic model as per the increases in the 
slow-release fertilizer doses, yielding a better quality 
for E. precatoria seedlings in the 75%-shaded 
environment, where the maximum index of 2.33 

was reached with an estimated dose of 7.87 kg m-3 
(Figure 5), characterized as better seedlings, due to 
their higher DQI value (Gomes et al. 2002). There 
was no effect of the fertilizer doses on the DQI in the 
20 %- and 30 %-shaded environments.

For the E. precatoria species, numerical 
limits of the DQI have not yet been determined, so 
further studies are required for a classification of 
good quality seedlings. Studies on the production of 
E. oleracea and E. edulis seedlings show that the DQI 
varies according to the species of the same genus and 
cultivation conditions (Welter et al. 2014, Silva et al. 
2015), what indicates that the E. precatoria seedlings 
in the present study show a higher quality in shaded 
environments.

DQI is an important tool for the identification 
of seedlings that are suitable for permanent planting, 
as this index includes several morphological 
parameters indicating the seedlings survival and 
quality, such as the calculation of robustness and 
biomass distribution balance (Cruz et al. 2011, 
Bonamigo et al. 2016). It also depends on several 
production factors, such as containers, substrates, 
sowing season and pre-germination treatments, 
besides fertilization methods and cultivation 
environments. Thus, this tool assists in the selection 
of more vigorous seedlings for transplanting and 
reduces the risk of implanting them considering only 
the variable of greater height, which is a variable that 
do not often point out the best seedlings, in terms of 
survival in the field, especially when they become 
etiolated due to competition for luminosity (Reis et 
al. 2016) or when distortions occur due to excessive 
nitrogen (Marana et al. 2008). 

Figure 5. Dickson quality index (DQI) of Euterpe precatoria 
seedlings under different shaded environments and 
slow-release fertilizer doses.
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CONCLUSIONS

1. The 75 %-shaded environment yields better quality 
E. precatoria seedlings, what allows supporting 
the hypothesis that it is a shade-tolerant species;

2. The slow-release fertilizer dose of 8 kg m-3 of 
substrate yields better quality E. precatoria 
seedlings in the 75 %-shaded environment;

3. The 20 %- and 30 %-shaded environments do not 
offer adequate conditions for the production of 
good quality E. precatoria seedlings, even when 
using a slow-release fertilizer.
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