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Abstract
The Amazon region faces significant pressure from deforestation and cattle ranching, threatening the natural
habitat of Pilocarpus microphyllus. This study evaluated the initial silvicultural performance of P
microphyllus under different treatments in agroforestry systems (AFS) in Sao Félix do Xingu, Par4, Brazil.
The experiment followed a randomized complete block design in a 2 \times 6 factorial scheme with three
replicates. Variables measured included collar diameter, seedling height, crown area, number of shoots, and
mean branch length. Results indicated that the AFS presented distinct light regimes (17,445.5; 3,787.5; and
2,954.5 Lux). Significant differences were observed among systems, with AFS 1 (intermediate light)
showing the best growth responses for all variables. A significant interaction between pruning and
fertilization was found only for seedling height. In the absence of pruning, NPK doses of 175 gand 75 g
produced the highest growth. Conversely, when pruning was applied, no significant differences were found
among fertilization treatments, although the combination of 45 g NPK + 45 g MAP showed the best
performance at 20 months. Pruning significantly enhanced the number of shoots and mean branch length
from the 19 th month onward. Higher NPK doses were effective in increasing crown area. We recommend
planting P. microphyllus in AFS with moderate solar radiation, combined with formative pruning and
targeted fertilization (175 g NPK without pruning; 45 g NPK + 45 ¢ MAP with pruning).
Keywords: pilocarpine; silvicultural treatments; jaborandi

Introduction

The jaborandi, Pilocarpus microphyllus, has been economically exploited since the 1990s in the
Alto Xingu region, with extractivists collecting its leaves for commercialization (Amaral et al., 2022).
However, increasing demand together with deforestation activities have rendered the species vulnerable,
which highlights the potential role of P. microphyllus in agroforestry systems (AFS) as an alternative for
species conservation and for understanding its performance under cultivation (Ministério do Meio
Ambiente, 2022).

The species has economic potential because it is robust, naturally occurs in the region, and is the
sole natural source of pilocarpine. Caldeira et al. (2017) demonstrated that the species can develop in its
native occurrence areas and can provide a relatively rapid economic return through leaf harvesting; leaves
can be managed from 50 cm in height to promote crown formation.

Leaf collection may be carried out by extractives or by harvesting from cultivated stands.
Nevertheless, limits to supply capacity, the onset of extraction decline, depletion of reserves, and rising
demand characterize the need to initiate cultivation—an issue already evident in the Amazon region
(Homma, 2014).

Unmanaged leaf extraction underscores the need to understand the behavior and performance of
P. microphyllus when integrated into alternative production systems, with emphasis on its productive
potential and pilocarpine content. Differences in pilocarpine concentration have been observed;
Gumier-Costa (2016) reported concentrations of 1.0% in native areas versus 0.5% in monocultures. Early
cultivation efforts were undertaken by Merck in monoculture plantations in Maranhdo (Homma, 2012).
However, studies on the species in other cultivation systems, such as agroforestry systems, remain scarce.

Plant growth and development depend on factors such as light, water, and carbon dioxide, as well
as essential chemical elements—commonly referred to as nutrients—that are integral to plant physiology.
The primary macronutrients include nitrogen (N), phosphorus (P), and potassium (K) (Teixeira et al., 2019;
Nieri et al., 2019). These nutrients are fundamental for healthy seedling growth in the field, promoting
vigorous development and increasing survival probability. Amazonian soils generally exhibit low natural
fertility, which increases nutrient demand and makes fertilization necessary to enhance productivity (Costa
et al., 2023).



The Amazon region faces strong pressures from deforestation, fire, and extensive cattle ranching;
moreover, cattle raising by smallholders has become increasingly unviable economically and
environmentally. Consequently, agroforestry systems have gained traction within family farming as a more
sustainable activity that diversifies household income. Therefore, knowledge of the potential of species to
be used in these systems, and their associated economic value, is essential (Silva et al., 2023).

In agroforestry systems, P. microphyllus is an important component because it can develop under
adverse conditions and because of the demand for pilocarpine, given that it is the only natural source of this
alkaloid and has broad pharmacological applications (Pinheiro, 2001; Grandi, 2021; De Sa et al., 2021).
Additionally, the state of Para reported a production of 50 thousand tonnes in 2022 and sustained demand
for the product, with commercialization supported and stimulated by cooperatives such as the Cooperativa
Alternativa Mista dos Pequenos Produtores do Alto Xingu (CAMPPAX) and the Cooperativa dos
Extrativistas da Flona de Carajas (COEX-CARAJAS), which purchase leaves and assist in production and
marketing (IBGE, 2022).

Few studies have examined the behavior and development of P. microphyllus in agroforestry
systems, where pilocarpine concentrations required by industry, species consociation, and silvicultural
treatments must be considered. Therefore, this study aimed to evaluate the initial silvicultural performance
of P. microphyllus in relation to light regime and silvicultural treatments in agroforestry systems established
in Alto Xingu, Para.

Material and Methods

The study was conducted on three smallholder properties in the municipality of Sdo Félix do
Xingu, state of Para, Brazil. According to Kdppen classification, the climate is Aw, with a rainy winter and
a well-defined dry season, mean annual precipitation of approximately 2,100 mm, and mean annual
temperature of 26.5 °C. Vegetation is predominantly dense ombrophilous forest, with smaller patches of
Cerrado and other formations. Figure 1 shows monthly precipitation and temperature for 2021.

Figure 1. Monthly precipitation (blue bars) and temperature (red line) in 2021. Precipitation is measured
in millimeters (mm) on the left vertical axis, and temperature in degrees Celsius (°C) on the right vertical
axis
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Source: author elaboration from INMET data (INMET, 2024).

The agroforestry systems (AFSs) were established on dystrophic red-yellow Argisols, one of the
most abundant soil classes in Brazil, typically occurring on more rugged relief and characterized by low
natural fertility. P. microphyllus was planted in three distinct AFS compositions; each AFS was treated as a
replicate. Soil characterization for the 0-20 cm layer is summarized in Table 1.

Table 1 — Summary of soil analyses (0—20 cm depth) for agroforestry systems
depth oM K Fe P Ca Mg Al H+Al T \% M
| (cm) | P | %  mgdm® cmol(c) dm? %
1 0-20 483 489 67,40 0,03 538 1,60 1,00 0,10 3,31 6,08 45,58 3,48

2 0-20 4,80 19,00 37,60 86,30 3,00 1,90 040 0,10 3,40 580 41,38 4,00

AFS




3 0-20 5,10 20,00 35,70 46,60 2,30 2,10 0,40 0,00 1,80 439 59,00 0,00

Em que: OM = organic matter; T = cation exchange capacity at pH 7.0; V = base saturation index; m =
aluminum saturation index.

The three AFS compositions are multi-stratified silvopastoral/ silviagricultural systems that
provide different light regimes for planted specimens. Each composition was treated as a replicate because
the study’s focal point was the initial silvicultural performance of P. microphyllus under the applied
silvicultural treatments.

. AFS 1: Musa spp., Ananas comosus, Manihot esculenta, Tithonia diversifolia, Theobroma cacao,
Handroanthus albus.

. AFS 2: Malpighia emarginata, Plinia cauliflora, Anacardium occidentale, Citrus sinensis,
Eugenia uniflora, Mangifera indica, Citrus limon, Spondias purpurea, Lafoensia glyptocarpa, Musa spp.,
Passiflora edulis, Theobroma cacao, Khaya ivorensis, Euterpe oleracea, Handroanthus albus, Spondias
mombin, Inga edulis, Maximiliana maripa, Guazuma ulmifolia, Psidium guajava, Anadenanthera
colubrina.

. AFS 3: characterized by greater shading; tree species include Mauritia flexuosa, Theobroma
cacao, FEuterpe oleracea, Theobroma grandiflorum, Artocarpus heterophyllus, Persea americana,
Mangifera indica, Averrhoa carambola, Syzygium jambos, Maximiliana maripa, Genipa americana,
Ipomoea carnea, Calycophyllum spruceanum, Inga edulis, Oenocarpus bacaba, Sclerolobium paniculatum,
Croton urucurana.

P. microphyllus seedlings were planted in 2022 at 50 cm x 50 cm spacing. Seedlings were donated
by the Centroflora nursery and originated from local seed sources. The experiment used a randomized
complete block design (RCBD) in a 2 x 6 factorial arrangement (two pruning regimes x six fertilization
combinations), with each AFS serving as a block (replicate), Table 2. Each plot contained three plants,
totaling 108 sampling units.

Table 2 — Treatments (pruning and fertilization combinations applied to Pilocarpus microphyllus in the
different AFS compositions)

Treatment

1 Pruning

2 Pruning + 75 g NPK*

3 Pruning + 45 g NPK*

4 Pruning + 175 g NPK*

5 Pruning + 45 g MAP**

6 Pruning + 45 g NPK* + 45 ¢ MAP**
7 No pruning

8 No pruning + 75 g NPK*

9 No pruning + 45 g NPK*

10 No pruning + 175 g NPK*

11 No pruning + 45 g MAP**

12 No pruning + 45 g NPK* + 45 g MAP**

NPK*: the source used was the 20:0:20 formulation; MAP**: monoammonium phosphate with 61% P2Os
and 12% N.

Formative pruning was applied at experiment establishment at 30 cm height or when specimens
reached an equivalent stem diameter of 4 mm. Fertilizers were applied once in lateral side holes, except for
treatments 2 and 4 (higher fertilizer rates), which received two split applications: one at establishment and
a second dose 30 days later to reduce nutrient losses.

Pruning was performed at experiment establishment at a height of 30 cm or when specimens
reached a stem diameter of 4 mm. Fertilization was applied once in lateral planting pits for all treatments
except treatments 2 and 4, which received higher fertilizer rates and were therefore applied in two split
doses: the first at experiment establishment and the second 30 days after the first application to reduce
nutrient losses.



Results were obtained by measuring root collar diameter, total seedling height, crown area, number
of shoots > 30 cm, and mean shoot length. Measurements were taken every 30 days after experiment
installation.

To better characterize treatment responses, the light regime in the three AFS compositions was
recorded using a thermo-hygro-anemometer to assess whether illumination significantly affected the
analyzed variables. For subsequent analyses, the mean of the three plants per plot was calculated for root
collar diameter, total seedling height, crown area, number of shoots > 30 cm, and mean shoot length.
Crown area (CA) was calculated using the following equation:

B (CWhHx(CWR)x

CA
4

)
Where,
CA: is crown area per plant (m?)
CWI: is crown width in the interrow direction (m);
CWR: is crown width in the row direction (m);
7: constant (3.141592654).

Data were tabulated and subjected to analysis of variance (ANOVA). When effects were
significant, mean comparisons were performed using Tukey’s test and/or the Scott-Knott test at a 5%
significance level, implemented in R statistical software.

5 Results

The measurement of light intensity showed that AFS 2 had the highest mean irradiance (17,445.5
lux), followed by AFS 1 (3,787.5 lux) and AFS 3 (2,954.5 lux). Comparison among the systems revealed a
significant effect on root collar diameter (DC), total height (HT), number of shoots (NS), and crown area
(CA). For DC and HT, AFS 1 exhibited significantly higher means than the other systems (Table 3).

Table 3 — Comparison among agroforestry systems (AFS) for root collar diameter (DC), total height (HT),
number of shoots (NS), and crown area (CA) at 17, 18, 19, and 20 months after planting

Root collar diameter (mm)
Age at fertilization

AFS

17 months 18 months 19 months 20 months
7.56 a 8.28 a 8.55 a 9.20 a
410 b 4.61 b 503 b 584 b
3 435 b 459 b 488 b 522 b
CV (%) 21.34 21.59 20.75 18.9
Mean (%) 5.34 5.83 6.15 6.75
Total height (cm)
AFS Age at fertilization
17 months 18 months 19 months 20 months
4425 a 46.92 a 50.67 a 60.92 a
3390 b 3693 b 3990 b 4458 b
3 3431 b 3581 b 38.16 b 43.58 b
CV (%) 21.55 20.64 18.34 20.65
Mean (%) 37.49 39.88 4291 49.69
Number of shoots (unit.)
AFS Age at fertilization
17 months 18 months 19 months 20 months
3.00 a 3.58 a 4.08 a 425 a
2 270 a 2.97 ab 3.10 ab 3.14 ab
3 1.83 a 2.11 b 2.11 b 222 b
CV (%) 46.86 46.74 49.51 51.43

Mean (%) 2.51 2.89 3.10 3.20




Crown area (m?)

AFS

Age at fertilization

17 months 18 months 19 months 20 months

1 0.03 a 0.05 a 0.07 a 0.09 a

2 0.02 a 0.03 b 0.03 b 0.04 b

3 0.03 a 0.04 ab 0.04 b 0.05 b
CV (%) 48.41 41.56 42.66 47.99
Mean (%) 0.03 0.04 0.05 0.06

* Means followed by at least one identical letter within a column do not differ significantly by Tukey’s test
at the 5% probability level.

Over the monitoring period, AFS 1 consistently exhibited higher means for root collar diameter
(DC) and total height (HT) at all evaluated ages, while AFS 2 and AFS 3 showed statistically lower means.
For number of shoots (NS) and crown area (CA), AFS 1 demonstrated an advantage beginning at the 19th
month. AFS 3 presented the poorest overall performance, which was associated with greater shading,
whereas AFS 2, despite having the highest measured irradiance, did not show superior growth, indicating
that factors other than light availability influenced seedling performance.

Analysis of the effect of silvicultural treatments on the agroforestry systems revealed a significant
interaction between pruning (P vs. NP) and fertilization for the variable total height (HT). When plants were
pruned, no statistically significant differences were observed among the fertilization doses tested. In
contrast, under no pruning (NP) conditions, the higher NPK doses (175 g NPK and 75 g NPK) produced
the most pronounced height growth, particularly from the 19th month onward (Table 4).

Table 4 — Evaluation of the effect of pruning in combination with fertilization on the variable Total Height
(HT) in cm at 17, 18, 19, and 20 months after planting.

Age at fertilizer application: 17 month

45 ¢ NPK and 45

Treatment

0 g NPK

45gNPK  75gNPK  175gNPK 45 g MAP

g MAP
P 382 A a 360 A a 3800 A a 3772 A a 3378 A a 3756 A a
NP 33.67 A a 353 A a 4089 A a S51.11 A a 3967 A a 2789 A a
CV (%) 51.71
Mean (%) 16.81
Age at fertilizer application: 18 month
Treatment 0gNPK  45gNPK  75gNPK  175gNPK  45gMAP 8 I;;ﬁ%“d 4
P 442 A a 379 A a 4289 A a 3806 A a 3578 A a 3900 A a
NP 3500 B a 359 B a 4367 B a 57.11 A a 4100 B a 2811 B a
CV (%) 20.64
Média (%) 39.9
Age at fertilizer application: 19 month
Treatment 0gNPK  45gNPK  75gNPK  175gNPK  45gMAP 8 gm“l‘j‘d 4
P 46,6 A a 428 A a 46.11 A a 4039 A b 4033 A a 4311 A a
NP 3672 B a 38 B a 50.89 A a 5794 A a 4233 B a 3022 B a
CV (%) 18.34
Mean (%) 42.9
Age at fertilizer application: 17 month
Tratamento 0gNPK  45gNPK 75gNPK  175gNPK  45gMAP 8 gm“l‘j‘d 4
P 548 A a 530 A a 5544 A a 461 A b 5411 A a 5289 A a
NP 3800 B a 399 B a 56.67 A a 6622 A a 46.11 B a 3311 B b

CV (%)

20.65



Mean (%) 49.69

Lowercase letters indicate comparisons among rows; means followed by at least one identical lowercase
letter within the same column do not differ significantly according to Tukey’s test at the 5% significance
level. Uppercase letters indicate comparisons among columns; means followed by at least one identical
uppercase letter within the same row do not differ significantly according to the Scott-Knott test at the 5%
significance level

Multiple comparison tests indicated differences both among rows and among columns (Table 4).
In the absence of pruning, the largest NPK doses (175 g and 75 g) promoted the greatest increases in height,
while under pruning the combined fertilization treatment 45 g NPK + 45 g MAP stood out at the 20th
month.

These results suggest that pruning modifies the seedlings’ response to fertilization, reducing the
relative effect of fertilizer dose on height growth, whereas in unpruned plants fertilizer dose is a key driver
of vertical growth. There was no interaction between the factors for number of shoots (NS) and mean shoot
length (MSL); however, a significant isolated effect of the pruning factor was observed. Pruning resulted
in higher mean values for both NS and MSL in all evaluated months (17, 18, 19, and 20 months after
planting) (see Table 5).

Table 5 — Evaluation of the effect of pruning on Number of shoots (NS) and Mean shoot length (MSL) at
17, 18, 19, and 20 months after planting

Number of shoots (NS)
Age at fertilizer
Pruning 17 months 18 months 19 months 20 months
P 3.96 a 424 a 424 a 431 a
NP 1.06 b 1.54 b 195 b 2.09 b
CV (%) 46.86 46.74 49.51 51.43
Média (%) 2.51 2.89 3.10 3.20

Mean shoot length (cm)

Age at fertilizer

Pruning 17 months 18 months 19 months 20 months

P 8.05 a 11.43 a 12.76 a 16.86 a

NP 405 b 541 b 6.96 b 822 b
CV (%) 67.48 55.77 59.57 60.05
Média (%) 6.06 8.42 9.86 12.54

* Means followed by at least one identical letter in the column do not differ significantly according to the
Scott-Knott test at the 5% probability level.

At 20 months (Table 6), crown area (CA) showed a significant effect of fertilization, with the 75
g NPK and 175 g NPK doses standing out relative to the others. The Scott-Knott analysis at the 5%
probability level indicated that these two doses formed the group of superior means at the end of the
evaluation period.

Table 6 — Effect of fertilization on Crown Area (CA) at 17, 18, 19 and 20 months after planting
Crown area (m?)

Age at fertilization

Fertilization
17 months 18 months 19 months 20 months

0 g of NPK 0.02 a 0.04 a 0.04 a 0.04 b
45 g of NPK 0.03 a 0.03 a 0.04 a 0.05 b
75 g of NPK 0.03 a 0.05 a 0.06 a 0.09 a
175 g of NPK 0.03 a 0.05 a 0.06 a 0.08 a
45 g of MAP 0.02 a 0.04 a 0.04 a 0.04 b
45 g of NPK e 45 g and MAP 0.02 a 0.05 a 0.06 a 0.06 b

CV (%) 48.41 41.56 42.66 47.99



Mean (%) 0.03 0.04 0.05 0.06
* Means followed by at least one identical letter in the column do not differ significantly according to the
Scott-Knott test at the 5% probability level.

Discussion

The results indicate that, under the evaluated conditions, intermediate lighting (AFS 1, ~3,787.5
Lux) favored the initial vegetative development of Pilocarpus microphyllus, as reflected in greater root
collar diameters, total heights, number of shoots, and crown area. This pattern suggests that the species,
during the seedling and establishment phase, may exhibit better performance under moderate light intensity
rather than under extreme full sun or intense shading.

The observed discrepancy between the higher irradiance in AFS 2 and its inferior performance can
be explained by complementary mechanisms: stress due to excessive radiation (possible photoinhibition or
increased water demand) and edaphic limitations associated with the pasture history (reduced fertility, soil
compaction, and low organic matter content), which compromise the conversion of available light into
growth. Conversely, the reduced performance in AFS 3 is consistent with the classic effects of shading on
photosynthesis and the accumulation of photoassimilates, resulting in a lower resource allocation to the
stem and crown (Fonseca, 2002; Engel et al., 1990; Viana et al., 2022).

Compared to the literature, some studies report greater sprouting and leaf number under higher
radiation (Assis et al., 2016; Ribeiro et al., 2011; Cardoso et al., 2012), whereas other works on analogous
species indicate optimal responses under half-shade conditions (Mazuchowski et al., 2007). Thus, the
findings of this study do not contradict the literature but highlight that the response of P. microphyllus is
dependent on the environmental context and soil management; the optimal light intensity may vary
according to water availability, nutrients, and land-use history (Siebeneichler et al., 2008; Rayol, 2018).

For practical applications, the data suggest that management practices promoting intermediate
lighting (controlled partial shading or intercropping that reduces excessive direct radiation) can optimize
the initial growth of jaborandi seedlings in Agroforestry Systems (AFS). In areas recovered from pasture,
soil evaluation and correction prior to planting are recommended to minimize edaphic limitations that could
negate the benefits of higher light availability (Mizobata et al., 2017; Pinho et al., 2021).

Upon evaluating the application of silvicultural treatments, the findings indicate that the height
response of P. microphyllus depends on the interaction between pruning management and fertilization. The
superiority of the 175 g and 75 g NPK doses in the absence of pruning suggests that when the plant
maintains a larger leaf area, the higher availability of nutrients (especially nitrogen) is effectively utilized
for vertical growth, corroborating previous observations regarding the importance of N for the initial
development of jaborandi (Marques and Costa, 1994; Brasil and Viégas, 1999).

The observation that there were no differences among fertilization treatments under pruning
indicates that the removal of part of the aboveground biomass alters resource demand and allocation,
reducing the immediate response to the different doses tested. In this context, the better performance of the
45 g NPK + 45 g MAP combination in the presence of pruning at the 20th month reinforces the need for
balanced formulations that supply nitrogen and phosphorus for recovery and sprouting after pruning
management, aligning with the recommendations for split fertilization in jaborandi (Marques and Costa,
1994).

The results observed in P. microphyllus also converge with evidence from other forest species, in
which fertilization with N, P, and K promotes height increments (Vieira et al., 2017; Souza et al., 2013).
Studies such as those by Vieira et al. (2017), Souza et al. (2013), Nieri et al. (2019), and Silva et al. (2022)
demonstrate that adequate doses of nitrogen and phosphorus increase height growth, which supports the
interpretation that nitrogen was a determining factor in the responses observed in this experiment.

From a physiological standpoint, nitrogen is fundamental in the synthesis of chlorophyll, proteins,
and enzymes, favoring photosynthesis and growth, while phosphorus participates in energy transfer and
essential metabolic processes; the deficiency of these nutrients at the beginning of the cycle can irreversibly
compromise development (Souza et al., 2013). Thus, higher NPK doses can accelerate initial growth when
the plant has sufficient leaf area to capture light and convert nutrients into biomass, which explains the
greater height response in the absence of pruning.

For practical management, the data suggest that in plantations without intensive pruning, it is
advantageous to apply higher doses of NPK (up to 175 g) to promote height growth, whereas in systems
with scheduled pruning, the NPK + MAP combination at moderate doses can favor recovery and sprouting.
These recommendations resonate with historical guidelines for jaborandi (Marques and Costa, 1994) and



with evidence that nitrogen is one of the main limiting factors for the species' initial growth (Brasil and
Viégas, 1999).

The findings indicate that fertilization with higher NPK doses (75 g and 175 g) favored the
development of the P. microphyllus crown area up to the 20th month, suggesting a positive effect of
fertilization on leaf mass expansion. This result can be attributed, in particular, to the nitrogen and potassium
present in the 20-0-20 formulation used: nitrogen is an essential component of the protoplasm and
chlorophyll, influencing cell division and photosynthetic capacity; potassium regulates the osmotic
potential, cell turgor, and enzymatic processes that affect transpiration and CO2 diffusion, contributing to
a higher photosynthetic rate and, consequently, greater crown growth (Santos et al., 2010).

The positive influence of nitrogen fertilization on shoot production is corroborated by Cruz et al.
(2006), who observed greater aboveground dry matter gains in Samanea inopinata seedlings with higher
applications of ammonium sulfate. Similarly, the results of this study reinforce the role of N in promoting
vegetative growth in forest species and commercial seedlings.

It is noted, however, that the significance of the differences emerged mainly in the final months of
evaluation, indicating that responses to fertilization may require time to fully manifest in terms of crown
area. This pattern reinforces the need for medium-term monitoring, as effects on morphological attributes
and foliar biomass accumulation tend to consolidate with plant development.

From a management perspective, the data suggest that NPK applications at higher doses can be
recommended to promote greater crown development during the initial stages of establishment, which can
accelerate canopy closure and foliar biomass production. However, it is recommended that such guidelines
be accompanied by soil analyses and fertilization programs tailored to the actual nutrient availability and
the phenological needs of the species.

Finally, considering that pilocarpine levels and other phytochemical attributes of jaborandi
typically stabilize only at more advanced ages (approximately four years in field experiments), it is
imperative to extend the experimental monitoring to evaluate whether the fertilization regimes that
maximize crown area also positively influence phytochemical quality and long-term productivity. Future
studies should include foliar analyses, physiological measurements, and monitoring of N and K dynamics
in the soil to elucidate mechanisms and optimize fertilization recommendations for P. microphyllus (Santos
et al., 2010; Cruz et al., 2006).

Conclusion

The different agroforestry systems demonstrated that jaborandi develops better under intermediate
light incidence. In the presence of pruning, fertilization did not affect height growth. Pruning positively
influenced both the number of shoots and their length.

Fertilization with 175 g and 75 g NPK promoted increases in crown area and seedling height, with
pronounced effects observed only by the twentieth month, indicating the need for prolonged monitoring to
better characterize responses. When pruning is performed, to maximize height growth the recommended
fertilization is 45 g NPK combined with 45 g MAP.

Silvicultural treatments benefited the development of P. microphyllus seedlings; planting the
species in agroforestry systems that provide moderate solar radiation is recommended. Among silvicultural
practices, formative pruning is advised to stimulate new shoot development and crown expansion, thereby
enhancing leaf production.
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