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Container volume and controlled-release fertilizer
influence the seedling quality of Agonandra brasiliensis'
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ABSTRACT

Agonandra brasiliensis is a tree from tropical forests,
with a wide occurrence in the Brazilian Savannah region. Despite
its potential as wood and for reforestarion, efficient protocols
for its seedling production are still lacking. This study aimed
to assess morphological characteristics for the seedling quality
of A. brasiliensis, under nursery conditions, as a function of
container volume and controlled-release fertilizer dose. The
experiment was carried out in a 2 x 5 factorial scheme, testing
two container volumes (1.8 Land 2.2 L) and five doses (0 g L,
gL' 2gL"' 4gL"and8 gL") of the encapsulated fertilizer
Forth Cote™ (formulation NPK 15-09-12). The plots consisted
of five homogeneous seedlings transplanted in polyethylene
bags (15 cm x 35 cm) with washed medium sand substrate. The
following characteristics were measured: shoot length; stem
diameter; increases in length and diameter; total dry matter;
shoot and root dry matters and the ratio between them. The
Dickson Quality Index was also obtained. The seedling quality
for morphological traits, such as shoot length, stem diameter and
total dry matter, was especially favoured by treatments combining
the controlled-release fertilizer at a dose around 5.0 g L' and
container volume of 2.2 L.

RESUMO

Volume de recipiente e fertilizante de liberacao controlada
afetam a qualidade de mudas de Agonandra brasiliensis

Agonandra brasiliensis ¢ uma arvore de florestas tropicais,
com ampla ocorréncia na regido do Cerrrado brasileiro. Apesar
do seu potencial como madeira e para reflorestamento, eficientes
protocolos para a produ¢do de mudas ainda estdo em falta. Objetivou-
se avaliar caracteristicas morfologicas para a qualidade de mudas de
A. brasiliensis, em condi¢des de viveiro, em fungdo do volume do
recipiente e dose de fertilizante de liberacdo controlada. O experimento
foi realizado em esquema fatorial 2 x 5, testando-se dois volumes (1,8 L
e 2,2 L) de recipiente e cinco doses (0 gL', 1 gL', 2 gL' 4gL"e
8 g L") do fertilizante encapsulado Forth Cote® (formulagdo NPK
15-09-12). As parcelas constituiram-se de cinco mudas homogéneas
transplantadas em sacos de polietileno (15 cm x 35 cm) com substrato
de areia média lavada. As seguintes caracteristicas foram mensuradas:
comprimento da parte aérea; diametro do caule; incrementos em
comprimento e didmetro; matéria seca total; matéria seca da parte
aérea e da raiz e a razio entre elas. Também foi determinado o indice
de Qualidade de Dickson. A qualidade das mudas para caracteres
morfolégicos como comprimento da parte aérea, didmetro de caule
e matéria seca total foi especialmente favorecida por tratamentos
que combinaram o fertilizante de liberagdo controlada em dose
aproximada de 5,0 g L™ e recipiente com volume de 2,2 L.

KEYWORDS: Pau-marfim, encapsulated fertilizer, Brazilian
Savannah.

INTRODUCTION

The forestry sector can be described as an
important component of the Brazilian economy,
as it contributes significantly to the generation of
products, taxes, jobs and income (CNI 2017). The
continuing expansion of this sector has driven forest
investors to opt for the cultivation of native species

PALAVRAS-CHAVE: Pau-marfim, fertilizante encapsulado,
Cerrrado.

(Beling 2016, IBA 2017) and, as such, there is now
a challenge to meet the demand for high-quality
seedlings of suitable nutritional status to setup
reforestation areas with economic purposes.
Among the potential species for use in
reforestation in the north of Brazil is Agonandra
brasiliensis Miers ex Benth. & Hook. f., which
belongs to the Opiliaceae family and is locally known
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as “pau-marfim”, being distributed from Mexico to
the north of Argentina (Souza et al. 2020). In Brazil,
this plant occurs in Cerrado and Cerraddo areas, in
the states of Roraima, Amazonas, Acre, Rondonia,
Bahia, Ceara, Espirito Santo, Goias, Maranhao,
Mato Grosso, Mato Grosso do Sul, Minas Gerais,
Para, Piaui and Sao Paulo, being also present in the
Federal District (Souza et al. 2020).

Its wood is widely used in the construction and
furniture industries. In folk medicine, its leaves are
used in baths for the treatment of rheumatism, and
the oil extracted from its seeds and barks is indicated
for healing scars and treating bronchitis (Moares et
al. 2018).

In addition, there is a lack of information on
A. brasiliensis in the domestic and international
literature that might provide important methods and
techniques of preservation and propagation. Native
forest species, whether for purposes of production or
preservation, depend largely on the use of seedlings
produced in containers (Massad et al. 2017).

The use of containers, concerning their
volume, has some advantages, such as a better-quality
root system, greater degree of mechanization, lower
consumption of substrate, higher seedling production
per unit area and lower transportation costs (Matias
et al. 2019). The use of containers for seedling
production, therefore, depends on the quality of the
substrate. According to Smiderle et al. (2017), with a
slow initial growth, some native forest species from
the Roraima state need more time in the nursery to
reach the desired minimum size, what, in turn, leads
to the use of larger containers and the addition of the
appropriate fertilizer.

Brito et al. (2018) point out that the total
nutrient-release time for an encapsulated fertilizer as
Forth Cote™, for example, in the NPK formulation
15-10-10, may vary from 2 to 15 months, what allows
the traditional dose of nitrogen fertilizer to be reduced
from 15 % to 20 %, due to the increase in the nutrient
use efficiency of the plants.

It should be noted that, for some plant species,
slow-release fertilizers have shown negative effects.
Serrano et al. (2013), when evaluating the production
of early dwarf cashew ‘CCP-06’ seedlings, observed
a reduction in the seedling growth by increasing
the doses of another controlled-release fertilizer
(Osmocote™ at a 14-14-14 formulation). Even
before, Serrano et al. (2012) found that the growth
characteristics of cashew ‘CCP 06’ seedlings were

also negatively influenced by increases in the doses
of this fertilizer in the NPK formulation 15-09-12.
Studies of this nature show the need of determining
appropriate doses for these fertilizers, including
other NPK formulations and container volumes;
both of which need to be determined for the seedling
production of native species from Savannah and
tropical forests.

Thus, this study aimed to assess morphological
characteristics for the seedling quality of 4.
brasiliensis, under nursery conditions, as a function
of the container volume and doses of a controlled-
release fertilizer.

MATERIAL AND METHODS

The research was carried out in a seedling
nursery and under laboratory conditions at the
Embrapa Roraima, in Boa Vista, Roraima state, Brasil,
from September 2018 to June 2019. A. brasiliensis
was the species used, and seeds were collected from
15 tree populations in the reproduction stage, in
an area of submontane dense ombrophilous forest
(1°38°29”N and 60°58’11”W), with an emerging
canopy, in Caracarai, Roraima state, in March 2018.
The fruits were collected manually from the trees and
taken to the laboratory, where they were washed in
running water, being the damaged fruits discarded.

After obtaining the seeds, they were processed
and then sown in a seedbed that contained washed
medium sand as substrate, for the germination and
initial development of the seedlings. The substrate
moisture was maintained by manual irrigation, four
times a day.

The experimental design was completely
randomized, in a 2 x 5 factorial scheme, with five
replications. The treatment factors were two container
volumes (1.8 L and 2.2 L) and five doses (0 g L,
1gL',2gL" 4gL"and8 gL") of the commercial
controlled-release fertilizer Forth Cote™, in the
formulation NPK 15-09-12. Each plot consisted of
five seedlings (one in each container).

Approximately at thirty days after sowing,
the process of seedling emergence began. Once
the seedlings had reached a homogeneous height
of around 12.0 cm, they were transplanted to
polyethylene bags (15 cm x 35 ¢m) containing
washed medium sand as substrate (Table 1). Doses
of the encapsulated controlled-release fertilizer
(Forth Cote™), in NPK formulation 18-05-09, were
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Table 1. Chemical composition of the medium-sand substrate used for the production of Agonandra brasiliensis seedlings.

H oM* V Al H + Al SB CEC P K Ca Mg Zn Fe Mn
P — (%) cmol, dm mg dm?®
5.7 0.51 40.0 0.10 0.30 0.2 0.5 0.27 0.00 0.10 0.10 4.1 842  52.1

* OM: organic matter; V: base saturation; SB: sum of bases; CEC: cation exchange capacity.

incorporated into the surface, according to each
treatment. The plants were then placed under 50 % of
shade in a roofed nursery and irrigated by sprinklers
for five minutes, three times a day.

The following morphological characteristics of
the seedlings were evaluated: shoot length (measured
with a graduated rule); stem diameter (with a digital
calliper); shoot dry weight (g plant'); and root dry
weight (g plant'). The shoot and root dry matters
were determined from material dried in an oven at
65 °C, for 72 hours. From these two variables, data for
total dry weight (g plant') were obtained, taken as a
simple sum of the values, and also the shoot and root
dry matters ratio, determined by simple division. The
Dickson Quality Index for seedlings was determined
as a function of the shoot length, stem diameter, and
shoot and root dry matters (Dickson et al. 1960). In
addition, the increases in the shoot length and stem
diameter were obtained from the difference between
the respective values, for each seedling of the plot, at
240 days after transplanting (DAT) and the day when
it occurred (0 DAT).

To verify the assumptions of the analysis
of variance (Anova), the data were checked
for normality by the Shapiro-Wilk test and for
homoscedasticity by the Bartlett test. When these
assumptions were met, the Anova was applied to test

the principal and interactions effects. The responses
of seedling quality to the fertilizer doses were
estimated by polynomial regression, with choice of
models based on the significance of the parameters
estimates and R? values. All tests were applied at 5 %
of significance, and analyses were carried out using
the Sisvar statistical software (Ferreira 2014).

RESULTS AND DISCUSSION

At the end of the experiment (240 days after
transplanting), the survival rate of the 4. brasiliensis
seedlings was 100 % for all treatments. The summary
of the analyses of variance shows that there was
no significant (p > 0.05) interaction between
the treatment factors, for all evaluated variables
(Table 2). Therefore, it is possible to investigate the
effects of each factor separately.

The evaluated morphological variables of
growth in shoot length and stem diameter displayed
a quadratic response in fitting the regression analysis
equations (Figures 1A and 1B), showing that the
highest tested fertilizer dose (8.0 g L) results in a
decrease for both variables. As such, for plant height,
it was found that, regardless of container volume,
there was growth of the seedlings with the increase in
the controlled-release fertilizer dose, with a quadratic

Table 2. Summary of the analyses of variance with mean squares and respective significances of the variation sources tested for
morphological variables associated with the seedling quality of Agonandra brasiliensis, in response to doses of a controlled-
release fertilizer and two container volumes, at 240 days after transplanting.

Sources of variation

Variable Dose (D) (df=4) _ Volume (V) (df=1) D =V interaction (df=4) _ " (/)
Shoot length (cm) 859.850** 286.2700™ 129.6000" 13.60
Stem diameter (mm) 4.266** 2.9700%** 0.0415m 14.80
Increase in shoot length (cm) 924.080%* 90.0000™ 138.0600™ 23.05
Increase in stem diameter (mm) 4.488%* 1.9800** 0.1920™ 10.48
Shoot dry matter (g plant) 40.540%* 75.7300%* 10.3400™ 23.14
Root dry matter (g plant™) 73.120%** 261.3700** 12.9800™ 23.06
Total dry matter (g plant™) 230.110** 587.5200%* 40.7300" 23.66
Shoot and root dry matter ratio 0.095** 0.0008" 0.0013 5.16
Dickson Quality Index 1.118%* 0.8260** 0.0330" 9.88

s and **: not significant (p > 0.05) and significant values (p < 0.01), respectively, by the F-test. ! df: degrees of freedom; CV: experimental coefficient of variation.
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Figure 1. Effect of controlled-release fertilizer doses and container volumes on the shoot length (A) and stem diameter (B) of
Agonandra brasiliensis seedlings, under nursery conditions.

response and an average dose of maximum technical
efficiency of 5.33 g L' of fetilizer.

The height of the plants grown in a container
volume of 2.2 L showed a maximum technical
efficiency at the dose of 5.95 g L' of the fertilizer,
reaching 51.0 cm with an increase of 19.6 %, when
compared to the plants grown in containers of
1.8 L, whose maximum technical efficiency dose was
4.71 g L' of the fetilizer (Figure 1A). In this case,
it is assumed that there is a reciprocal relationship
between the controlled-release fertilizer dose and
the container volume, that is, in relation to the larger
container volume, which increases the amount of
substrate exploited, resulting in a greater efficiency of
the root system in absorbing nutrients, and promoting
an harmonic growth and development among the
plant organs. In addition, the maximum values for
seedling stem diameter [4.61 mm (1.8 L container)
and 5.17 mm (2.2 L container)] were reached at
doses 0f4.92 g L' of the controlled-release fertilizer,
irrespective of the container volume (Figure 1B).

The greater growth of seedlings submitted to
higher fertilizer doses may be explained by the greater
height sensitivity, in relation to the nitrogen fertilizer
(Cabreira et al. 2017). However, the increasing
application of nitrogen may cause the seedling to grow
too high, thus resulting in etiolation (Rossa et al. 2013).

In a study on the production of Cedrela fissilis
Vell. (Spanish cedar) seedlings, Pias et al. (2015)
found a linear increase in diameter with the increase
in the length of stay in the nursery, but the seedlings
fertilized with Osmocote™ showed the largest
increases. Plants with a larger diameter are better
able to survive, given their greater capacity for the
formation and growth of new roots (Elli et al. 2013).

Positive results for the variable stem diameter,
from using controlled-release fertilizer, were also
found in studies with Anadenanthera peregrina and
Schinus terebinthifolia Raddi (Rossa et al. 2015),
Mimosa scabrella (Stiipp et al. 2015), Peltophorum
dubium (Dutra et al. 2016) and Albizia lebbeck
(Aguilar et al. 2020).

According to Souza et al. (2018), shoot height,
together with collar diameter, is one of the most
important morphological characteristics for estimating
the growth of forest seedlings after permanent
planting in the field. Thus, the greatest increases in
height and stem diameter occurred with the fertilizer
doses (of maximum technical efficiency) of 6.45 g L*!
and 5.86 g L', respectively, both in the container of
2.2 L. This increase was likely due to the proper dose
of slow-release fertilizer and appropriate container
volume, the combination of the continuous nitrogen
supply to the plant and the local soil or climate factors,
such as solar radiation and temperature, resulting in a
greater photosynthetic efficiency and the production
of new tissues in the plant organs.

Conversely, a smaller increase in the stem
diameter was seen in the plants submitted to the dose of
2 g L', when compared to that of 4 g ", irrespective
of container volume (Figure 2B). According to Souza
et al. (2020), this smaller increase in stem diameter
may be related to the low availability of nitrogen
in the medium-sand substrate, due to its absorption
by the plant over time, as well as leaching and other
removal processes. The low availability or absence
of nitrogen may have reduced the rates of carbon
fixation, resulting in restrictions on the production of
carbohydrates that might serve as a substrate for the
synthesis of new organic molecules and for respiration.
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Figure 2. Increases in shoot length (A) and stem diameter (B) of Agonandra brasiliensis seedlings, as a function of controlled-release
fertilizer doses and container volumes, under nursery conditions.

With the reduction in carbohydrates, the
respiratory process becomes impaired, as respiration is
primarily responsible for providing energy for nutrient
absorption and maintaining the plant growth rates. As
such, it is suggested that the supply of nitrogen from
doses of less than 1.0 g L' might result in disadvantages,
such as inferior morphological, physiological and
nutritional characteristics in the plants.

However, a positive response was found in
other plant organs, such as root dry matter at the
dose of 4.0 g L' of the slow-release fetilizer in
the container volume of 2.2 L, showing a 57.6 %
increase, when compared to the container volume
of 1.8 L, at the dose of 4.0 g L! of controlled-
release fetilizer (Figure 3A). This result is probably
proportionally related to the container volume, as
well as to the availability of a greater space for root
growth, ensuring a greater expansion of the root
system and use of nutrients.

53
(=1

(A)

* A Vaolume22
B#:Volume 1.8

Jroot: y (X)=-0.4315x2 + 4.4592x + 3.416
R? = 0.99** DMTE = 5.17

oot: y (m) =-0.2337x2+2.1733x + 1.7973
R?=0.85** DMTE = 4.65

(=)}

—_
[\
L

shoot: y (A)=-0.2877x2 + 3.1854x + 0.4418
RZA: 0.96** DMTE=5.54

e
L

&
L

Shoot and root dry matters (g plant™)

shoot: y (¢) =-0.1491x2 + 1.4382x + 0.5738
R?=0.96** DMTE = 4.82

0 1 2 3 4 5 6 7 8
Fertilizer dose (g L™)

The other reason for the promotion of plant
growth by changing the N* ratio could be that,
after the nitrate reductase reduced NO," to nitrite,
it was changed to ammonium, and amino acids
were produced, which can later combine to produce
proteins (Haghighi et al. 2012). On the other hand,
nitrate, by producing active forms of cytokinins, as
osmolyte in vacuoles, stimulates the leaf function and
growth, causing cell extension and improved growth
(Wang et al. 2008). The increasing root length and
cytokinin production helped the plant to absorb more
water and nutrients to improve its vegetative growth
(Haghighi et al. 2016).

According to Damasceno et al. (2019), shoot
dry matter is an indicator of the rusticity of a seedling.
In the present study, the maximum technical efficiency
dose was obtained in plants grown in the container
volume of 2.2 L, at a dose around 5.5 g L! of the
fetilizer (Figure 3A). This combination provided more

(B)
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4 Volume 1.8 MVolume 2.2
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04 y (m) = -0.0098x2 + 0.1179x + 0.3078
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Figure 3. Shoot and root dry matters (A) and the ratio between them (B) in Agonandra brasiliensis seedlings, as a function of
controlled-release fertilizer doses and container volumes, under nursery conditions.
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lignified and rustic seedlings, which have a greater
guarantee of establishment and survival in the field.

For the ratio between the shoot and root dry
matters, the maximum technical efficiency dose of
the controlled-release fertilizer, regarding the best
container volume (2.2 L), was 6.02 g L' (Figure 3B).
Despite this maximized response, Cabreira et al.
(2017) warned that, in forest species, high fertilization
doses may lead to an unbalanced growth of seedlings
(high values for this ratio), with toppling and reducing
of water and nutrient absorptions. Hence, it is worth
taking into account lower doses, such as 2.0 g L™
(with the ratio reduced in around 30 %), that still had
a positive effect, when compared to the control, and
require a smaller amount of inputs.

According to Yang et al. (2018), nutrient
and water deficiencies decrease the ratio between
shoot and root dry matters, as it has a greater effect
on shoot growth, due to the essential functions of
the root system. Any change in the architecture
of the root system may modify the capture and
allocation of resources and growth of plants, what
is corroborated by results of this study. On the other
hand, under favourable conditions of water and
nutrient availability, air and soil temperature, and a
suitable container volume, among others, the roots
will show a greater growth, making possible the
exploitation of new areas of soil and increasing the
supply of nitrogen, phosphorus and potassium for
the plants. Therefore, a controlled-release fertilizer
formulation, such as the one used in this study, allows
a better balance between the shoot and root systems.

A gradual increase was observed for total dry
matter, as a function of a dose up to a maximum

30 4
HWVolume 2.2 (A)

@ Volume 1.8
25

20 4
y (m) =-0.7193x2 + 7.6446x + 3.8578
R?=0.99** DMTE = 5.31
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Total dry matter (g plant™)
o

y (#) =-0.4286x% + 4.0148x + 2.1401
R?=0.94** DMTE = 4.68

Fertilizer dose (g L)

technical efficiency at 5.31 g L' of the controlled-
release fertilizer, followed by a decrease at the dose
of 8 g L' (Figure 4A), irrespective of container
volume. Although a leaf-area analysis was not
carried out, studies show that an increase in the
number of leaves per plant correlates directly with
an increase in the leaf area (Menegatti et al. 2017a),
offering a greater efficiency in the capture of solar
energy for photosynthesis and the production
of photoassimilates, resulting in a greater total
dry weight (Souza et al. 2020). This is shown in
Figure 4, for plants grown in a container volume of
2.2 L. This condition gave a maximum plant growth
in less time, ultimately reducing the length of stay
in the nursery.

The maximum increase in the dry weight
production among the plant organs is the result (more
than 90 %) of photosynthetic carbon assimilation
(Lopes & Lima 2015), with the energy and carbon
skeletons incorporating the nitrogen coming from
carbon metabolism and the production of new tissues
controlled by the nitrogen present in the controlled-
release fetilizer formulation used in this study.

The quality of the seedlings was also estimated
using the Dickson Quality Index. The highest estimate
was obtained for plants grown in the container
volume of 2.2 L, at the dose of 4.0 g L of the
controlled-release fetilizer (Figure 4B) incorporated
into the medium-sand substrate, and, as a result,
the seedlings from this treatment were considered
superior, with a more balanced growth. According to
Menegatti et al. (2017b), this index is a good indicator
of initial seedling survival in the field, as it considers
important characteristics in evaluating the quality of

2.0
& Volume 1.8 MWVolume 2.2 (B)

y (m) = -0.0453x2 + 0.4392x + 0.5194
R®=0.89** DMTE = 4.85
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R?=0.77** DMTE = 4.50
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Figure 4. Total dry matter (A) and Dickson Quality Index (B) in Agonandra brasiliensis seedlings, as a function of controlled-release
fertilizer doses and container volumes, under nursery conditions.
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the seedlings to be transplanted, including robustness
and biomass distribution balance.

According to Pinto et al. (2020), these results
are of great interest to producers of forest seedlings,
since there is an increase in the quality of the
produced seedlings, what is an advantage at the time
of planting, when better quality seedlings tend to
become established more quickly with an improved
growth in the field, besides helping to minimize
production costs.

Overall, the use of the controlled-release
fetilizer incorporated to the medium-sand substrate,
at doses of maximum technical efficiency and into
containers of 2.2 L, allowed the seedlings to show a
superior performance and accelerated growth, when
compared to the treatment without application of the
fertilizer or with the doses of 1.0 gL'and 8.0 g L.

Similarly to the results obtained herein, other
studies also confirm that controlled-release fertilizers
induce a superiority in height, in addition to promote
a greater production of shoot dry matter in seedlings
of several forest species (Dutra et al. 2016, Menegatti
et al. 2017a, Smiderle et al. 2020). This type of
fertilizer is described as an effective input on the
greenhouse phase, because it induces an efficiency
in the physiological processes that promote the fast
initial growth of the plants (Ao et al. 2018, Aragjo
et al. 2019). This fact shows, therefore, a strategic
way of minimizing the operational costs of seedling
production without leaving aside the quality standard.

CONCLUSION

The quality of Agonandra brasiliensis
seedlings, grown on washed medium-sand substrate,
is improved with the use of controlled-release
fertilizer (Forth Cote™ - formulation NPK 15-09-12),
especially at doses around 5.0 g L' ina 2.2 L
container, which stimulates the seedling growth
(shoot length and stem diameter) with a greater
production of total dry matter.
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