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Abstract

The aim of the study was to evaluate the effect of nitrogen, phosphorus and potassium fertilization on the initial development
of Tachigali vulgaris plantations for the production of forest biomass. The experiment was set up in the municipality of
Igarapé-agu, Para, Brazil and evaluated over one year. The planting was carried out with 1728 plants at a spacing of 2 m x 3 m
and used a completely randomized design with seven fertilization treatments. Measurements included plant height and
diameter, as well as leaf nutrient analysis. The results indicated significant growth responses to N, P and K, particularly in
height, with plants that received 44.5 kg.ha! of N showing the greatest increase (534 cm). Potassium also significantly
influenced growth, with a notable average increase in height of 77 cm compared to plants without fertilization. Leaf nutrient
analysis revealed better nutrient assimilation correlated with fertilizer applications. The study concluded that the combined
fertilization of 44.5 kg.ha™! of nitrogen and 50 kg.ha! of potassium improves the morphological development of T. vulgaris,
representing an effective strategy for optimizing growth and productivity in forest plantations. These results demonstrate the
importance of balanced fertilization for sustainable biomass production using the T. vulgaris species.
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Introduction

The species Tachigali vulgaris L.G. Silva and H.C. Lima,
popularly known as tachi-branco and carvoeiro, is native to
South America and has a wide geographical distribution. In
Brazil, it occurs from the North to the Southeast, especially
in the states of Pard, Amazonas and Tocantins (Carvalho
1994). Its habitat consists of sandy, acidic soils with low
chemical fertility and well-drained (Oliveira et al. 2006). It
stands out for its rapid growth, high biomass production, and
wood, which is used to produce thermal energy.

Plantations of the species are usually conducted on
soils with low natural fertility and often management
practices are not carried out correctly, reducing the
productive potential of the stand (Sarcinelli et al. 2004).
Although forest species can thrive in conditions of low

nutrient availability, it is important to adopt silvicultural
management practices and carry out soil fertility correction
in areas cultivated with T. vulgaris to increase the
productivity levels of forest sites, as well as maintain it for
future rotations (Sousa et al. 2016). Management practices
in forest plantations should consider the adoption of mineral
or organic fertilization so that the soil provides the necessary
nutrients and thus provides trees with satisfactory growth
(Benites et al. 2010; Biagiotti et al. 2017).

To understand the factors that control forest growth
and the use of natural resources, several studies have already
been carried out (Hubbard et al. 2004; Yin et al. 2004;
Teixeira et al. 2008; Machado et al. 2010). However,
studies specifically investigating fertilization management
with native Amazonian species are rare.

N is the nutrient found in the highest concentrations in
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higher plants, representing an essential component of
proteins, nucleic acids, chlorophyll and many other
secondary metabolites. Its role in metabolism has been
extensively studied in most cultivated species, especially
those with an annual cycle, but few studies have been
conducted with forest species in tropical conditions (Jesus et
al. 2012).

Fast-growing forest species, such as eucalyptus, can
respond to fertilization, particularly with N, by increasing
leaf area, with a consequent increase in trunk volume
(Smethurst et al. 2003). In forest stands, the amount of N
accumulated can range from 120 to 1.300 kg ha’,
depending on the soil and climate conditions, the genetic
material and the production of the stand (Barros et al. 1990).

Phosphorus (P) is essential for photosynthesis and
plant growth, with leguminous crops highly responsive to
phosphate fertilization (Chaudhary et al. 2008; Pour et al.
2021). Phosphate fertilization has been shown to increase
photosynthetic rates and biomass production, especially in
the early stages of growth (Fernandez et al. 2000; Melo et
al. 2016; Pour et al. 2021). Potassium (K) is crucial for plant
metabolism, favoring the synthesis of lipids, carbohydrates
and proteins, as well as regulating stomatal movement
(Haberman et al. 2019; Ragel et al. 2019). Studies indicate
that photosynthesis in higher plants varies significantly
according to K availability (Weng et al. 2007,
Gerardeaux et al. 2009).

According to Crous et al. (2015), P has antagonistic
effects on K uptake and synergistic on Mg uptake, and Ca
has antagonistic effects on K and Mg uptake. Following this
theory, fertilization with P (and Ca as an accompanying ion)
in plantations with fast-growing forest species can influence
the harvest, reducing K uptake and increasing or reducing
Mg uptake. However, the effects of P (and Ca) fertilization
on Mg and K acquisitions have been tested mainly on
agricultural crops and there are no reports on tree species
plantations, despite the importance of assessing nutrient
dynamic from forest plantations.

Considering the high potential for energy plantations
and the recovery of degraded areas, several recent studies
have been carried out with T. vulgaris, in the most diverse
areas, with emphasis on wood technology (Santos et al.
2024), ecophysiology and gas exchange (Simdes et al.
2023), planting spacing (Barros-Junior et al. 2022), growth
and seedling production (Souza et al. 2019). However,
studies evaluating the growth of forests planted with the
species under chemical fertilization are still rare in the
global scientific literature.

Although there are studies on the growth of already
established plantations, there is a need for more information
on the initial growth of T. vulgaris and the ideal nutrient
recommendations to speed up this process. Fertilizing with
high doses of N, P and K can boost the initial start-up of the
crop and facilitate the establishment of plantations of this
species.

The study aimed to evaluate the effect of nitrogen,

phosphorus and potassium fertilization on the initial
development of Tachigali vulgaris plantations for the
production of forest biomass.

Materials and Methods
Study area

The planting was carried out in an experimental area of
the Federal Rural University of Amazonia (UFRA), in
the municipality of Igarapé-agu, state of Para, Brazil. It
is located at the geographical coordinates: 01°07'33"S
and 47°3727"W of Greenwich (Fig. 1). According to
Costa et al. (2013), the region's climate is classified as
Am (Koppen classification), with an average annual
temperature of 25°C, annual rainfall reaching 2853 mm,
with rainfall concentrated in January to June. The
predominant soil in the region is yellow latosol
(Rousseau et al. 2014).

Planting, experimental design and treatments

The planting of T. vulgaris was carried out in February
2016, in an area of 1.44 hectares, in a spacing of 2 m x 3 m
(plants x rows), totaling 1728 plants (Fig. 2). To support the
fertilization recommendations, a physical-chemical analysis
of the soil was carried out in the 0-20 cm and 2040 cm
layers of the planting area (Table 1).

The amounts of fertilizer in each treatment were
defined based on recommendations for other fast-growing
forest species, such as those of the Eucalyptus genus and
Acacia mearnsii (Schumacher et al. 2013; Silva et al. 2013).
To supply the necessary amounts of nitrogen (N),
phosphorus (P,Os) and potassium (K-O), the fertilizers urea,
triple superphosphate and potassium chloride were used,
where the latter two were represented by the acronyms TSP
and KCI, respectively.

The fertilizers mentioned above were used to form the
treatments in a factorial arrangement: 0 (no fertilization); N
(26 g of Urea); P (19.56 g of TSP); K (30 g of KCI); NP (26
g of Urea and 19.56 g of TSP); NK (26 g of Urea and 30 g
of KCl); PK (19.56 g of TSP and 30 g of KCI) and NPK (26
g of Urea, 19.56 g of TSP and 30 g of KCI). The
experimental design chosen was entirely randomized,
consisting of plots of four plants and four repetitions per
treatment, giving a total of 128 plants analyzed in the study.
The fertilizers were applied as a top dressing, locally in the
area where the tops of the plants protruded, 60 days after
planting and repeated after 12 months.

Measurement of morphological variables

In the first year of planting, the diameter of the plants was
measured at collar height (DAC), using a digital caliper,
considering that the individuals did not have the minimum
height for measuring diameter at breast height (DBH),
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Table 1: Results of the chemical and physical characterization of the soil in the planting area

Chemical characterization

Depth (cm) P OM pH K Ca Mg H+Al Al SB T \% m
mg dm* gdm? CaCl, mmolc dm™ % %
0-20 23 18 43 0,4 5 1 38 5 6,9 449 15 420
20-40 24 15 43 04 4 1 30 7 6,1 36,1 17 534
Physical characterization

Clay Silt Sand total Silt + Clay

HMFS + NaOH HMFS + NaOH HMFS + NaOH HMFS + NaOH
Depth (cm) gkg! gkg! gkg! gke!
0-20 184 90 726 274
20-40 225 111 664 336

Notes: pH = hydrogen potential; K* = potassium; Ca*?= calcium; Mg" = magnesium; Al"> = aluminum; H'Al">= hydrogen and aluminum; SB = sum of bases of percentage of base
saturation; CEC = Cation exchange capacity; P = phosphorus; V = base saturation; m = Al saturation; soil exchangeable K, Na, Ca and Mg contents were determined by atomic
absorption spectrophotometry and flame spectrophotometry (Raij et al. 2001); HMFS (sodium hexametaphosphate) and NaOH (sodium hydroxide) were the industrial dispersants

used by the laboratory to determine the physical analysis of the soil
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Fig. 1: Location of the municipality of Igarapé-Acu, place of
planting of T. vulgaris, State of Para, Brazil
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Fig. 2: Experimental design used in the experiment with T. vulgaris
plants, Igarape-agu, Para, Brazil

measured 1.3 m from the ground, which was measured from
the second year of planting. To obtain the total height, a
ruler graduated in centimeters was used, considering the
insertion of the last branch of leaves.

Climatic data

A weather station located at latitude 01°07'33S, longitude

47°3727°W and altitude 45 m was installed near the
experiment site to obtain weather data during the planting
evaluation period.

Nutritional diagnosis

This was carried out to monitor the assimilation of fertilizers
by the forest and to correct possible deficiencies in the
experiment, combined with the results of the soil analysis.
The leaves were collected 12 months after planting. From
each of the 4 trees in the experimental units, 16 leaves were
collected, 4 leaves per quadrant from the tips of the
branches in the upper third of the canopy. The levels of
nitrogen, phosphorus, potassium, sulphur, calcium,
magnesium, copper, manganese, zinc and iron were
analyzed, as described by Embrapa (2009).

Statistical analysis

The experimental data was assessed for normality and
homogeneity of variance using the Shapiro-Wilk and Bartlett
tests, respectively. Subsequently, for the parametric variables,
the means of the treatments were subjected to analysis of
repeated measures over time to obtain the variance and
comparisons of means using the Tukey test, using the
statistical software SAS 9.1.3 (SAS 2007). The relationships
between the nitrogen, phosphorus and potassium treatments
and their interactions on the development in diameter and
height of T. vulgaris during the study period were analyzed.
For the non-parametric variables, the data was evaluated
using the Kruskal-Wallis test with Bonferroni and correction
using the RStudio software version 1.1.383 (R Core team
2015). All analyses were evaluated at a significance level of
1%.

Results

Rainfall had minimum and maximum values of 34.2 and
510.2, respectively corresponding to times 6 and 4 of the
year 2016, showing the seasons of high and low rainfall,
characteristic of the Amazonian equatorial climate. Elevated
temperatures were observed throughout the year, with
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Table 2: Average height development (cm) and interaction over time as a function of the treatments applied to T. vulgaris plants,
corresponding to the evaluation period of 2 years and 3 months of the experiment

Treatments Time (quarterly)
0 1 2 3 4 Tukey’s test
TO (control) 70.25 86.44 123.50 146.75 190.50 a
T1 (26.67 g urea) *** 68.81 93.56 138.88 173.13 223.06 dbe
T2 (19.56 g TSP) *** 67.81 87.38 130.25 154.06 202.06 ca
T3 (30 g KCI) ** 64.44 84.88 129.31 160.69 207.44 beca
T4 (26.67 g urea + 19.56 g TSP) 78.56 109.25 156.75 189.56 242.94 d
T5 (26.67 g urea + 30 g KCI) *** 7831 102.81 148.50 179.44 226.44 db
T6 (19.56 g TSP + 30 g KCI) 75.50 96.81 141.69 182.81 235.44 d
T7(26.67 gurea +19.56 g TSP + 30 g KCI) 77.25 103.63 151.94 182.63 234.13 db
Treatments Time (quarterly)
5 6 7 8 9 Tukey’s test
TO (control) 246.94 324.06 368.45 426.20 502.85 a
T1 (26.67 g urea) *** 307.25 403.44 464.58 533.81 602.76 dbe
T2 (19.56 g TSP) *** 274.50 356.81 404.62 470.96 536.69 ca
T3 (30 g KCI) ** 281,50 374.06 428.24 498.57 580.61 beca
T4 (26.67 g urea + 19.56 g TSP) 336.31 430.94 486.85 562.19 638.57 d
T5 (26.67 g urea + 30 g KCI) *** 304.06 407.38 467.04 535.58 595.84 db
T6 (19.56 g TSP + 30 g KCI) 332.88 440.94 495.29 575.52 654.29 d
T7(26.67 g urea +19.56 g TSP + 30 g KCI) 314.88 415.81 470.28 531.21 602.43 db

According to Tukey's test; TSP: triple superphosphate; KCI: potassium chloride
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Fig. 3: Meteorological variables obtained during the experiment,
Igarape-agu, Pard, Brazil

fluctuations between the hottest and coldest months ranging
from 25.3°C to 27.6°C, thus showing a low-temperature
range (Fig. 3).

The treatments showed a statistically significant effect
for the nitrogen, phosphorus and potassium sources in

isolation, and for the N-K combinations on the
morphological variable total height of T. wulgaris
individuals, with no statistical correlation with the

measurement intervals in the study, with representation only
when analyzed independently (Table 2).

In relation to the application of nitrogen (N), the T.
vulgaris plants submitted to the treatment with a dose of
44.5 kg.ha'! of urea showed significant growth in height,
with an increase of 534 cm between the first and tenth
measurements (time 0 and 9), while the plants in the control
treatment had an increase of only 433 cm in the
morphological variable in question.

Potassium (K) was also statistically significant in height
growth. K is a nutrient that plays a significant role in plant

physiology and metabolism, such as protein synthesis,
enzyme activation, osmoregulation, photosynthesis, and
processes related to stomatal movement (Silva et al. 2011).
Fig. 4 shows the difference in the height growth of the plants
subjected to the potassium fertilization treatments. It is
noteworthy that an increase of approximately 77 cm was
observed compared to the plants that did not receive
fertilization.

Among the treatments that had a positive influence on
greater plant diameter growth, the application of N, P and K
alone and the N-P and N-K combinations were statistically
significant (Table 3). This growth relationship is different
from what was observed for height, where potassium
fertilization contributed to greater increases, although it did
not have a high statistical significance value compared to
nitrogen (Fig. 5).

The increase in diameter was not statistically
significant, as was the case for total plant height,
considering the repeated measurements over time.
Fertilizing with 30 g of K for each plant (50 kgha')
contributed to an average increase of 6.84 cm compared to
the treatment without fertilization, which was the highest
measurement at the end of the study between fertilizer
applications. This provides better development due to
potassium having various functions in plant metabolism and
physiology.

The nutritional analysis of the leaves showed that the
levels of some nutrients increased according to the treatments
applied (Table 4). Concentrations of P, a highly mobile
nutrient in the plant, varied from 0.5 (control) to 0.9 gkg™
(T7). K concentrations fluctuated between treatments, with
indications of a relationship with the doses of fertilizer
applied. The highest average leaf K was 3.5 gkg' also in
treatment T7 (26.67 g urea + 19.56 g TSP + 30 g KCI).
Compared to the control (1.7 gkg™"), there was an increase
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Table 3: Average diameter development (cm) and interaction over time as a function of the treatments applied to T. vulgaris plants,
corresponding to the evaluation period of 2 years and 3 months of the experiment

Treatments Time (quarterly)
0 1 2 3 4 Tukey’s test
TO (control) 0.76 1.09 2.18 3.16 3.78 A
T1(26.67 g urea) *** 0.69 1.10 2.39 3.11 3.96 Ab
T2 (19.56 g TSP) *** 0.74 1.12 2.59 338 4.18 Ab
T3 (30 g KCI) ** 0.73 1.22 2.67 3.56 4.86 Ab
T4 (26.67 g urea+ 19.56 g TSP) 0.73 1.29 2.94 3.68 495 B
T5 (26.67 g urea + 30 g KCI) *** 0.71 1.29 2.86 3.61 445 Ab
T6 (19.56 g TSP + 30 g KCl) 0.75 1.29 3.01 3.83 5.03 B
T7(26.67 gurea +19.56 g TSP + 30 g KCI) 0.81 1.39 2.86 3.67 4.73 Ab
Treatments Time (quarterly)
5 6 7 8 9 Tukey’s test
TO (control) 8.03 11.33 13.63 17.40 2043 A
T1(26.67 g urea) *** 9.53 13.64 16.25 20.02 23.14 Ab
T2 (19.56 g TSP) *** 8.13 12.64 14.82 18.08 20.99 Ab
T3 (30 g KCI) ** 11.06 16.77 19.46 23.86 27.28 Ab
T4 (26.67 g urea + 19.56 g TSP) 10.23 14.72 17.88 21.48 24.45 B
T5 (26.67 g urea + 30 g KCI) *** 10.56 15.41 17.95 21.72 24.77 Ab
T6 (19.56 g TSP + 30 g KCI) 11.37 15.92 18.29 21.46 24.27 B
T7(26.67 g urea +19.56 g TSP + 30 g KCI) 11.32 15.50 17.80 20.82 23.38 Ab
Significance levels: ***' 0.1%; "**' 1%; "*' 5%. Different letters in the last column differ statistically according to Tukey's test; TSP: triple superphosphate; KCI: potassium chloride
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Fig. 4: Height growth over the evaluation time of T. vulgaris trees
under commercial fertilizer doses of urea, triple superphosphate,
potassium chloride and their combinations, referring to the
treatments that obtained statistical significance

of approximately 105% on the highest average. For
micronutrients, the results obtained in treatments T3 (30 g
KCl), with 257.3 mg/kg of Fe and 236.1 mg/kg of Zn and T5
(26.67 g urea + 30 g KCI), with 94.2 mg/kg of Mn, stand out.
The other micronutrients varied widely between the
treatments.

Discussion

During the period of lowest rainfall, plants that received
potassium fertilization followed by combined fertilizers
showed higher growth rates, with la nind being recorded for
the year 2016 (Lim and Hendon 2017). Dias and Marenco
(2016) evaluated the effect of rainfall seasonality on the
growth of trees of 28 species in terra firme tropical forest in
central Amazonia and concluded that the region's mild dry
season is not long enough to deplete water from the soil
beyond the reach of the root system, which allows trees to

Time (quarterly)

———T0 (Control) ====-T1 (26.67g urea) ***
— — T2(19.56g TSP) *** T3 (30g KCI) *
—-—-T4 (26.67g urea + 19.56g TSP) * -+--se» T5(26.67g urea + 30g TSP) ***

Fig. 5: Diameter growth over the evaluation time of T. vulgaris
trees under commercial fertilizer doses of wurea, triple
superphosphate, potassium chloride and their combinations,
referring to the treatments that obtained statistical significance

grow at constant rates throughout the year. In this study,
growth also remained constant, even during periods of
lower rainfall, and was not zero during the evaluation
period. In a study to assess the growth in trunk diameter of
Eucalyptus grandis trees and its relationship with climatic
variables and mineral fertilization. Sette et al. (2010)
concluded that climatic variables influenced growth rates,
where higher rainfall led to reductions in increments.

Laclau et al. (2009), evaluating Eucalyptus saligna
plants observed that fertilization with 140 kg.ha™! of KO in
sandy loam soils resulted in an increase in height of 370 cm
at 36 months compared to unfertilized plants. For this study,
the difference in height growth between the first and last
measurements is 517 cm for the plants that received 30 g of
potassium (K), equivalent to 50 kgha!. The foliar
concentrations were also higher according to the results in
Table 4, showing that the plants assimilated the potassium
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Table 4: Nutritional diagnosis of T. vulgaris plant leaves one year after planting

plant tissue analysis

Treatments N P K Na Ca Mg Fe Zn Cu Mn
g/Kg mg/Kg

TO (control) 16,1 0,5 1,7 1,3 3 0,6 72,8 137,8 7,8 443
T1 (26.67 g urea) 23,6 0,8 2,1 1,6 39 1 37,5 25,8 6,8 74,9
T2 (19.56 g TSP) 20,7 0,7 1,8 1 3,6 1,1 51,4 25,7 4 105

T3 (30 g KCl) 18 0,7 32 1,5 2,9 0,7 2573 236,1 6,9 44,8
T4 (26.67 g urea + 19.56 g TSP) 21,3 0,7 1,6 1,1 4,6 1 339 22,1 4,8 76,8
T5 (26.67 g urea + 30 g KCI) 214 0,6 24 0,8 3,7 0,6 34,7 19,8 5,1 94,2
T6 (19.56 g TSP + 30 g KCI) 24,8 0,8 24 1,1 44 0,7 444 23,5 3,7 71,7
T7 (26.67 g urea +19.56 g TSP + 30 g KCI) 26,4 0,9 3,5 1,1 2,7 0,6 30,8 20,2 6,5 57,7

Nutrients assessed in the nutritional diagnosis: nitrogen (N); phosphorus (P); potassium (K); sodium (Na); calcium (Ca); magnesium (Mg); iron (Fe); zinc (Zn); copper (Cu) and
manganese (Mn). The values shown in the table were obtained using descriptive statistics (averages)

that was made available through fertilization. High external
concentrations of K tend to promote contingency supply of
the nutrient, causing wide variations in vacuolar
concentrations, where it is stored.

Potassium is the second most important macronutrient
in terms of plant absorption and is essential for the
activation of enzymes involved in respiration and
photosynthesis. In tropical soils, potassium levels are
low (< 1.5 mmolc.dm?), making it important to use
potassium fertilizers for correction and supplementation
(Benites et al. 2010), as was the case in this study, which
obtained only 0.4 mmolc.dm™ of K in the soil. K deficiency
can reduce apical dominance, plant development in general
and delay fruiting, with implications for fruit size and color
(Costa et al. 2017).

One of the positive points of fertilizing with K is the
fact that it is present in ionic form (K+) in plant tissue and
returns to the soil shortly after the plant leaves have
senesced (Parente et al. 2016). In this way, most of the K is
recycled, which explains its effect over time on plant
development. Ferreira et al. (2011) state that the availability
of nutrients for plants in production systems depends on the
fertility of the soil and the speed at which waste degrades
because, in intensive cultivation, the K absorbed by the
plants remains in the plant tissue for most of the time and is
not eroded or leached. Climate variables such as
temperature and local humidity affect the rate at which K is
released into the soil. The authors point out that because this
nutrient is absorbed in enormous quantities, around 80%
returns to the soil during the decomposition of organic
matter, and the harvested material, such as grains and seeds
exports the additional 20%.

The N-K combination resulted in a 18.5% increase in
total plant height compared to those without fertilization in
the last measurement. In work carried out by Jesus et al.
(2016), similar results were observed for Eucalyptus
globulus seedlings, where fertilization with N-P had an
influence on seedling growth and, therefore an important
development strategy in the seedling production stage.
Height, considered a characteristic that expresses the quality
and vigor of the plant, can be used as a reference to predict
growth potential, both in forest nursery conditions and

during definitive planting in the field. In this sense,
fertilizing with N and P contributed positively to obtaining
T. vulgaris plants of better silvicultural quality and superior
results could be observed when compared to plants without
fertilization, even during periods of low rainfall.

The application of nitrogen (N) contributed positively
to the vegetative development of the plants during the
evaluation period of the experiment, as can be seen in the
leaf diagnosis results (Table 4). As the greatest development
occurs in the first phases of the plant's life, which are
attributed to the period of greatest absorption and
metabolization of nitrogen (Belapart et al. 2013; Borin et al.
2017), explaining its significance in this study.

Plants respond well to nitrogen fertilization, with the
most visually expressive external effect of nitrogen being
abundant green vegetation. However, an excess of N can be
harmful, so the dose applied to the crop must be well
balanced with the amount of other nutrients. T. vulgaris
showed significant growth (Table 2), with an increase of
534 cm between the first and tenth measurements (time 0
and 9), with the application of 44.5 kg.ha™! of urea, while the
plants without fertilization had an increase in height of 433
cm.

Corroborating the results found in this study, Ciriello
et al. (2014), evaluating the effect of N doses on the growth
of the native Brazilian tree species Guanandi (Calophyllum
brasiliense Cambeéss), observed that the dose of 80 kg.ha™
of N during planting was effective in providing superior
initial growth for the species. This dose is almost four times
higher than the dose of N applied to T. vulgaris plants in this
study, in the form of urea fertilizer (44.5 kg.ha™").

Phosphate fertilization made a significant contribution
to height growth, with an increase of around 7% when
compared to the plants without added nutrients in the last
measurement of the study, in addition to having an increase
between the beginning and the last measurement of 468.88
cm. The low available P content in the soil (2.3 mg.dm™)
tends to influence the plants response to mineral fertilization
with this nutrient which, according to Raij (1991), is often
reported to be deficient in tropical soils. Several studies have
highlighted the importance of P in the initial growth phase of
fast-growing forest species (Maeda and Bognola, 2012; Stahl
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et al. 2013; Dias et al. 2014). The response to the application
of phosphate fertilizer was expected due to the low
availability of this nutrient throughout the soil profile, in
addition to the acidity contributing to P adsorption, favoring
the availability of the nutrient through fertilization. P is
known to be an essential element for plant development.
(Rodrigues et al. 2016). Ca supplementation via TSP (12 to
14% of TSP is composed of Ca) may also have contributed.
The T. vulgaris showed a clear response to the addition of Ca
via TSP, since the nutrient's exchangeable content in the soil
was below the lower supply limit (20 mmolc.dm), and it is
important to note that the soil's acidity was not corrected,
which could be another factor reducing the nutrient's
availability to the plants in the soil solution.

Another factor that may have contributed to the
increase in height observed in the plants that were fertilized
with phosphorus refers to an intrinsic characteristic of the
adaptation potential and hardiness of T. vulgaris, which is
that it is tolerant of soils with high acidity (Sarcinelli et al.
2004; Oliveira et al. 2006), since increased acidity tends to
reduce the availability of phosphorus for plants.

Low pH values favor an increase in the concentration
of aluminum (Al) in the soil solution (Chen et al. 2015;
Rodrigues et al. 2017). High concentrations of Al inhibit root
growth, with negative consequences for water and nutrient
absorption and plant development (Cherubin et al. 2016).
The reduction in the plant's root system can reduce the
absorption of nutrients, especially phosphorus, which moves
through the soil by the diffusion mechanism (Frazao et al.
2019).

The fact that K provided better development for
planting T. vulgaris, this result can be explained by the fact
that this nutrient has various functions in the metabolism
and physiology of plants, which can be exemplified in
studies such as that by Biagiotti et al. (2017), when studying
the application of K to Corymbia citriodora plants, from 6
to 24 months after planting, observed the maximum growth
in diameter (2.89 cm) of the plants with the dose of 52.9
kg.ha'! of K, at six months. At 9 months, the maximum
growth in diameter (3.83 c¢m) was estimated with 57.4
kg.ha'! of K. At 12 months, there was a quadratic effect of
the treatments, with maximum development (5.98 cm)
estimated with a dose of 62 kg.ha' of K,O. Thus, the
authors concluded that, up to 12 months, biomass
production and morphological development parameters of
C. citriodora were favored by K fertilization. Melo et al.
(2016) found that the doses of potassium fertilization that
most contributed to optimal growth rates of E. grandis x E.
urophylla hybrid clones in low-fertility soils were 104 and
184 kg.ha! of KCI. This may be related to the high levels of
K in the leaves of the plants that received higher levels of
potassium fertilization.

Studies have shown that the application of K, in the
form of potassium chloride, promotes greater diameter
development. For example, in a study conducted by Sette
Junior et al. (2010), the application of 140 kg.ha! of K;O in

a Eucalyptus grandis plantation on a medium-textured red-
yellow latosol (200 g.kg™! of clay) promoted an increase in
diameter of 4.14 cm in contrast to plants that did not receive
potassium fertilization.

Fertilizing with N at a dose of 26.67 g or 44.5 kg.ha™!,
ranked third in terms of growth compared to the other
fertilizations. Research shows that nitrogen is among the
most limiting nutrients for plant growth, as can be seen in a
study carried out on Hymenaea courbaril, in which the stem
diameter of plants grown without N was reduced by 21%
compared to individuals that received the nutrient
(Nascimento et al. 2014). Nitrogen fertilization can
significantly alter the soil environment and can even increase
carbon storage by plants since it promotes the formation of
chlorophyll, found in plant leaves, which in turn combines
CO; + HyO to form the sugars that the plant needs for its
growth and the production of grains and fruit (Shryock et al.
2014).

As with height, P fertilization contributed to an
increase in the diameter of T. vulgaris plants, although much
less than other fertilizer applications, with an increase of 3%
more when compared to those without fertilization (Fig. 5).
The addition of Ca via TSP (12 to 14% of Ca) may also
have had a positive effect together with the addition of P,
both present in the composition of TSP (Dias et al. 2020).
This contribution could be observed in phosphate
fertilization in Eucalyptus camaldulensis, which promoted
growth in diameter of 5.6 cm, considering the treatment
with fertilization with P at a dose of 120 kg.ha™! in relation
to plants without the addition of mineral fertilizer (Costa et
al. 2012). The same was corroborated in Pinus taeda
plantations, where the application of P, starting at 75 kg.ha™!,
combined or not with nitrogen and potassium, led to the
formation of trees with larger diameters in their initial
development phase (Moro et al. 2014).

Treatments with N-P and N-K nutrient combinations
were statistically significant, contributing to an increase of
approximately 20% for both fertilizations at the end of the last
measurement in this study. This response may have occurred
due to the synergy between nutrients in plant metabolism. N
uptake is impaired by P deficiency, a condition that has been
observed in scientific literature. Santos et al. (2015) made a
considerable contribution to science by evaluating the
efficiency of N use by cotton genotypes under P application.
In the study cited above, genotypes grown under low
phosphorus  supply conditions showed higher nitrogen
concentration in leaves, suggesting a synergistic relationship
between these nutrients. This is consistent with the results of
this study, where the positive interaction between nitrogen and
phosphorus benefited plant diameter growth. Phosphorus
indirectly affects nitrogen uptake by reducing leaf area (Santos
et al. 2015), which is linked to nitrogen uptake. A larger leaf
area increases the transpiration rate, and the flow of water
absorbed by the plant, influencing the uptake of nutrients from
the soil, especially nitrogen (Bonfim-Silva and Monteiro,
2010; Han et al. 2015).
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The correlation between K and N is also observed in
soils with high K levels, where N stimulates vegetative
growth, increasing K levels in the aerial part of plants and
promoting the use of reserves of this nutrient in the soil. K
plays a crucial role in the functioning of enzymes involved in
plant development, also facilitating the absorption of N,
which results in improved vegetative growth (Debbarma et al.
2017).

In Eucalyptus grandis plantations, it was observed that
the greatest responses to fertilization with N and K occurred
in the first year, with doses of 4.3 kg.ha™! of N and 20 kg.ha"
! of K, respectively, indicating the possibility of reducing
the number of applications without compromising
productivity or increasing losses due to deep drainage (Silva
et al. 2013). In a study by Jesus et al. (2016), when
fertilizing Eucalyptus globulus seedlings with N and K,
observed a significant increase of 72% in plant diameter
compared to unfertilized seedlings, highlighting the positive
impact of nutrients on the initial growth of seedlings.

Conclusion

Based on the results of this study, combined fertilization of
44.5 kgha' of nitrogen and 50 kgha' of potassium is
recommended until the third year of planting as an effective
silvicultural management strategy to promote greater
development of the morphological variables height and
diameter in T. vulgaris plantations, resulting in larger trees.
This approach can optimize the growth and productivity of
the species, contributing to the sustainability and
profitability of forest plantations.

Acknowledgments

The authors would like to thank the Federal Rural
University of Amazonia (UFRA), the Federal University of
Mato Grosso (UFMT), and the financial support of the
Institute of Agricultural and Environmental Sciences of the
Sinop University Campus (ICAA/CUS/UFMT), which
made this publication possible.

Author Contributions

LFP and PHOS planned the experiments, LFP and PHOS
interpreted the results, WLSA, MTP, and RLPN made the
write-up, MARS, LFSD, JFBRS and CADP made
corrections and suggestions to the text and LFP statistically
analyzed the data, LFP and PHOS made illustrations.

Conflict of Interest
All authors declare no conflict of interest.

Data Availability

Data presented in this study will be available on a fair
request to the corresponding author.

Ethics Approval
Not applicable to this paper.

References

Barros ND, RD Novais, JCL Neves (1990). Fertilizagéo e corregéo do solo
para o plantio do eucalipto. In: Relag8o solo-eucalipto, pp:127-186.
Barros NF, RF Novais (Eds.). Vigosa, MG, Folha de Vigosa

Barros-Junior UO, WAS Rosario, MDR Lima, MOS Silva, EPS Patricio,
DA Gongalves, L Bufalino, TP Protasio (2022). Effects of tree
spacing and forking on the modification of wood density in a
trial plantation of Tachigali vulgaris for energy in Amazonia. J Trop
For Sci 34:11-23

Belapart D, SMM Leite, MD Girotto, LP Pedrone (2013). Efeito de
diferentes doses de nitrogénio e calcio no desenvolvimento inicial do
guanandi. Rev Unimar Ciénc 2:71-77

Benites VM, MCS Carvalho, AV Resende, JC Polidoro, ACC Bernadi, FA
Oliveira (2010). Potassio, calcio e magnésio. In: Boas praticas para
uso eficiente de fertilizantes: nutrientes, pp:137-191. Prochnow LI,
V Casarin, SR Stipp (Eds.). Piracicaba, SP: IPNI, Cap 3

Biagiotti G, SV Valeri, MCP Cruz, RT Vasconcelos (2017). Fertilizagdo
potassica na implantagdo de Corymbia citriodora (Hook.) K.D. Hill
& L.A.S. Jonhson. Sci For 45:129-137

Bonfim-Silva EM, FA Monteiro (2010). Nitrogénio e enxofre na adubagio
e em folhas diagnosticas e raizes do capim-braquidria em
degradagdo. Rev Bras Zootec 39:1641-1649

Borin ALDC, ACB Ferreira, V Sofiatti, MCS Carvalho, MCG Moraes
(2017). Produtividade do algodoeiro adensado em segunda safra em
resposta a adubagdo nitrogenada e potéssica. Rev Ceres 64:622—630

Carvalho PER (1994). Espécies florestais brasileiras: Recomendacdes
silviculturais, potencialidade e uso da madeira, p:640. Colombo:
EMBRAPA - CNPF. Brasilia, DF: EMBRAPA - SPI

Chaudhary MI, J Adu-Gyamfi, H Saneoka, TN Nguyen (2008). The effect
of phosphorus deficiency on nutrient uptake, nitrogen fixation and
photosynthetic rate in mashbean, mungbean and soybean. Acta
Physiol Plant 30:537-544

Chen CR, EQ Hou, LM Condron, G Bacon, M Esfandbod, J Olley, BL
Turne (2015). Soil phosphorus fractionation and nutrient dynamics
along the Cooloola coastal dune chronosequence, southern
Queensland, Australia. Geoderma 257:4-13

Cherubin, MR, ALC Franco, CEP Cerri, DL Karlen, PS Pavinato, M
Rodrigues, CA Davies, CC Cerri (2016). Phosphorus pools
responses to land-use change for sugarcane expansion in weathered
Brazilian soils. Geoderma 265:27-38

Ciriello V, TIA Guerrini, C Backes (2014). Doses de nitrogénio no
crescimento inicial e nutrigdo de plantas de guanandi. Cerne 20:653—
660

Costa CFG, RO Figueiredo, FA Oliveira, IPO Santos (2013). Escoamento
superficial em Latossolo Amarelo distrofico tipico sob diferentes
agroecossistemas no nordeste paraense. Rev Bras Eng Agric Amb
17:162-169

Costa LN, PLD Morais, GA Leite, MLB Almeida, MRA Miranda, PLO
Fernandes (2017). Influéncia da adubagéo potassica na qualidade e
no potencial antioxidante do sapoti em diferentes estadios de
desenvolvimento. Rev Ceres 64:419-425

Costa M, H Tonini, C Dias, B Iwata (2012). Fertilization during the
establishment of a Eucalyptus camaldulensis plantation in the
northern Brazilian Amazon. Rev Agroamb 6:91-101

Crous KY, A Osvaldsson, DS Ellsworth (2015). Is phosphorus limiting in a
mature Eucalyptus woodland? Phosphorus fertilization stimulates
stem growth. Plant Soil 391:293-305

Debbarma J, P Alila, M Banik, AK Mandal, A Chakma (2017). Effect of
different levels of nitrogen and potassium on the growth and yield of
Pepino (Solanum muricatum Ait.). Pharm Innov J 6:817-821

Dias DP, RA Marenco (2016). Tree growth, wood and bark water content of
28 Amazonian tree species in response to variations in rainfall and
wood density. iForest 9:445-451



Effect of NPK on Tachigali vulgaris Plantations / Intl J Agric Biol Vol 33, 2025

Dias LPR, LC Gatiboni, PR Emani, DJ Miquelluti, DM Chaves, G
Brunetto (2014). Partial substitution of soluble phosphate by rock
phosphate in the planting of Eucalyptus benthamii and Eucalyptus
dunnii in southern Brazil. Rev Bras Ciénc Solo 38:516-523

Dias RC, JVS Caldas, JC Polidoro, E Zonta, BB Mattos, RGM Gongalves,
PC Teixeira (2020). Desempenho de um fertilizante mineral misto
produzido a partir de fosfato natural sedimentar. Rev Ibero Amer
Cienc Amb 11:21-31

EMBRAPA (2009). Manual de analises quimicas de solos, plantas e
fertilizantes/editor técnico, Fabio Cesar da Silva. — 2. ed. rev. ampl.:
Embrapa Informagao Tecnologica, Brasilia, DF

Fernandez JQP, LE Dias, NF Barros, RF Novais, EJ Moraes (2000)
Productivity of Eucalyptus camaldulensis affected by rate and
placement of two phosphorus fertilizers to a Brazilian oxisol. For
Ecol Manage 127:93-102

Ferreira EVO, I Anghinoni, MH Andrighetti, AP Martins, PCF Carvalho
(2011). Ciclagem e balango de potassio e produtividade de soja na
integragdo lavoura-pecudria sob semeadura direta. Rev Bras Cienc
Solo 35:161-169

Frazdo JJ, VM Benites, JVS Ribeiro, VM Pierobon, J Lavres (2019).
Agronomic effectiveness of a granular poultry litter-derived
organomineral phosphate fertilizer in tropical soils: Soil phosphorus
fractionation and plant responses. Geoderma 337:582-593

Gerardeaux E, E Saur, J Constantin, A Porté, L Jordan-Meille (2009).
Effect of carbon assimilation on dry weight production and
partitioning during vegetative growth. Plant Soil 324:329-343

Haberman A, A Dag, N Shtern, I Zipori, R Erel, A Ben-Gal, U Yermiyahu
(2019) Long-term impact of potassium fertilization on soil and
productivity in intensive olive cultivation. Agronomy 9:525

Han K, C Zhou, H Sheng, Y Yang, L Zhang, L Wang, G Chen, Z Li
(2015). Agronomic improvements in corn by alternating
nitrogen and irrigation to various plant densities. Agronomy J
107:93-103

Hubbard RM, MG Ryan, CP Giardina, H Barnard (2004) The effect of
fertilization on sap flux and canopy conductance in a Eucalyptus
saligna experimental forest. Glob Chang Biol 10:427-436

Jesus GLB, NF Barros, IR Silva, JCL Neves, EP Henriques, VC Lima, LV
Fernandes, EMB Soares (2012). Doses e fontes de nitrogénio na
produtividade do eucalipto e nas fracdes da matéria organica em
solo da regido do cerrado de Minas Gerais. Rev Bras Ciénc Solo
36:201-214

Jesus MS, LA Fernandes, FSA Fonseca, SMG Rocha, ER Martins (2016).
Crescimento e composi¢do do oOleo essencial de mudas de
Eucalyptus globulus (Labill) adubadas com nitrogénio e potassio.
Cadern Ciénc Agrar 8:1-8

Laclau JP, JCR Almeida, JLM Gongalves, L Saint-André, M Ventura, J
Ranger, RM Moreira, Y Nouvellon (2009). Influence of nitrogen
and potassium fertilization on leaf lifespan and allocation of above-
ground growth in Eucalyptus plantations. Tree Physiol 29:111-124

Lim EP, HH Hendon (2017). Causes and predictability of the negative
Indian Ocean Dipole and its impact on La Nifia during 2016. Sci
Rep 7:12619

Machado AS, M Aurelio, LCR Silva, RGM Nascimento, SMS Quirino, SJ
Téo (2010). Dinadmica de crescimento de plantios jovens de
Araucaria angustifolia e Pinus taeda. Pesq Flor Bras 30:165-170

Maeda S, TA Bognola (2012). Influence of lime and phosphorus in initial
growth of eucalyptus and in P critical level. Pesq Flor Bras 32:401—
407

Melo EASC, JLM Gongalves, JHT Rocha, RE Hakamada, JH Bazani,
AVA Wenzel, JC Arthur, JS Borges, R Malheiros, CCZ Lemos,
EVO Ferreira, ADV Ferraz (2016) Responses of clonal eucalypt
plantations to N, P and K fertilizer application in different
edaphoclimatic conditions. Forests 7:0002

Moro L, LC Gatiboni, MA Simonete, PC Cassol, DM Chaves (2014).
Resposta de Pinus taeda com diferentes idades a adubagdo npk no
planalto sul catarinense. Rev Bras Cienc Solo 38:1181-1189

Nascimento HHC, CM Pacheco, DRM Lima, EC Silva, RIMC
Nogueira (2014). Aspectos ecofisiologicos de mudas de
Hymenaea courbaril L. em resposta a supressdo de N, P e K.
Sci For 42:315-328

Oliveira JB, AT Vale, JT Melo (2006). Caracterizagdo mecanica e
contragdo da madeira de Sclerolobium paniculatum Vogel cultivado
em um plantio homogéneo sob diferentes niveis de adubagéo. Cienc
Flor 16:89-97

Parente TL, E Lazarini, S Caioni, LGM Souza, RS Pivetta, JW Bossolani
(2016). Potassio em cobertura no milho e efeito residual na soja em
sucessdo. Rev Agroamb 10:193-200

Pour AP, H Farahbakhsh, E Tohidinejad (2021). Nitrogen, phosphorous
and potassium levels affected growth indices, leaf gas exchange
parameters and biomass production of henna (Lawsonia inermis L.)
ecotypes. Indust Crops Prod 163:113297

R Core Team (2015). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna,
Austria. http://www.R-project.org

Ragel P, N Raddatz, EO Leidi, FJ Quintero, JM Pardo (2019). Regulation
of K nutrition in plants. Front Plant Sci 10:281

Raij BV (1991). Fertilidade do solo e adubag&o, p:343. Sdo Paulo:
Agrondmica Ceres, Associagdo Brasileira para a Pesquisa da
Potassa e do Fosforo, Brazil

Rodrigues M, FHS Rabélo, HA Castro, D Roboredo, MAC Carvalho, CG
Roque (2017). Changes in chemical properties by use and
management of an Oxisol in the Amazon biome. Rev Caatin
30:278-286

Rodrigues M, PS Pavinato, PJA Withers, APB Teles, WFB Herrera
(2016). Legacy phosphorus and no tillage agriculture in tropical
oxisols of the Brazilian savanna. Sci Total Environ 542:1050-1061

Rousseau GX, PRS Silva, D Celentano, CJR Carvalho (2014). Macrofauna
do solo em uma cronosequéncia de capoeiras, florestas e pastos no
Centro de Endemismo Belém, Amazonia Oriental. Acta Amaz
44:499-512

Santos EF, EO Arafijo, MA Camacho (2015). Eficiéncia no uso de
nitrogénio por genodtipos de algodoeiro arboreo sob aplicagdo de
fosforo. Rev Cienc Agrar 58:357-364

Santos EVD, MDR Lima, KGF Dantas, FIM Carvalho, DA Gongalves,
AR Silva, H Sun, MJ Ferreira, L Bufalino, PRG Hein, TP Protasio
(2024). The inorganic composition of tachigali vulgaris wood:
Implications for bioenergy and nutrient balances of planted forests
in the Amazonia. Bioener Res 17:114-128

Sarcinelli TS, LS Lynch, ESR Jr, LE Dias (2004). Crescimento de mudas
de taxi-branco (Sclerolobium paniculatum Voguel) em resposta a
omissdo de macronutrientes. Rev Cienc Agrar 42:109-124

Schumacher MV, M Viera, EK Londero, FN Calil, VG Lopes, R
Witschoreck (2013). Crescimento da acacia-negra em resposta a
aplicacdo de nitrogénio, fésforo e potassio. Cerne 19:51-58

Sette Jinior CR, M Tomazello Filho, CTS Dias (2010). Crescimento em
diametro do tronco das arvores de Eucalyptus grandis W. Hill. Ex.
Maiden e relagdo com as variaveis climaticas e fertilizagdo mineral.
Rev Arvore 34:979-990

Shryock B, K Littke, M Ciol, D Briggs, R Harrison (2014). The effects of
urea fertilization on carbon sequestration in Douglas-fir plantations
of the coastal Pacific Northwest. For Ecol Manage 318:341-348

Silva EC, RIMC Nogueira, MA Silva, MB Albuquerque (2011). Drought
Stress and Plant Nutrition. Plant Stress 5:32—41

Silva PHM, F Poggiani, PL Libardi, AN Gongalves (2013). Fertilizer
management of eucalypt plantations on sandy soil in Brazil: Initial
growth and nutrient cycling. For Ecol Manage 301:67-78

Simdes PHO, CFD Oliveira Neto, MTD Paula, DDGD aratjjo, RSD Vale,
JOPD Carvalho (2023). Ecophysiology and multivariate analysis
for production of Tachigali vulgaris in Brazil: Influence of rainfall
seasonality and fertilization. J For Res 34:1289-1305

Smethurst P, C Baillie, M Maria Cherry, G Holz (2003) Fertilizer effects
on LAI and growth of four Eucalyptus nitens plantations. For Ecol
Manage 176:531-542

Souza JC, CA Pedrozo, K Silva, VXA Oliveira, AMS Alencar (2019).
Ambientes para a produgdo de mudas e nodulagdo por rizobios em
Tachigali vulgaris. Ciénc Flor 29:116-129

Sousa VG, SB Jr, MG Barbosa, LG Martorano, VC Silva (2016). Taxi-
branco (Tachigali vulgaris L.F. Gomes da Silva & H.C. Lima):
Boténica, ecologia e silvicultura, p:37. Documentos Embrapa,
Brazil



Palheta et al. / Intl J Agric Biol Vol 33, 2025

Stahl J, PR Ernani, LC Gatiboni, DM Chaves, CU Neves (2013)./. Dry
matter yield and nutritional efficiency of Eucalyptus benthamii and
Eucalyptus dunnii clones due to addition of phosphorus rates to the
soil. Ciénc Flor 23:287-295

Statistical Analysis System Institute — SAS (2007). SAS® 9.1.3 (TS1M3)
for Windows Microsoft.: SAS Institute, Cary, North Carolina, USA

TeixeiraPC,JLM Gongalves,JCA Junior, C Dezordi (2008). Eucalyptus sp seedling
response to potassium fertilization and soil water. Cienc Flor 18:47-63

Weng XY, CJ Zheng, HX Xu, JY Sun (2007) Characteristics of
photosynthesis and functions of the water-water cycle in rice (Oryza
sativa L.) leaves in response to potassium deficiency. Physiol Plant

131:614-621

Yin GC, GY Zhou, J Morris, ZH Huang, GW Chu, GY Zhou (2004).
Sap flow response of eucalyptus (Eucalyptus urophylla) to
environmental stress in south China. J Zhej Univ Sci 5:1218-

1225

10



