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ABSTRACT

Lecythis tuyrana, Eschweilera coriacea, and Clath-
rotropis brunnea are three species with high forestry
and nutraceutical potential for restoring the Magdalena
River Basin in the Anden region of Colombia. The study
aimed to establish a baseline for producing high-quality
seedlings with these species under nursery conditions. In
independent experiments for each species, the treatments
consisted of a factorial combination of three substrates
formulated with local soil (LS), vermicompost (VC), pine
bark (PB) or rice husk (RH), and three doses of a 6-month
controlled-release fertilizer (CRF). In general, substrates,
the addition of CRF up to 8 g L' or its interaction had
little influence on the growth, biomass, and quality of
L. tuyrana and C. brunnea seedlings. The combination of
S2 substrate (40% LS + 20% VC + 40% RH) + 5 g L
produced E. coriacea seedlings with 1.6 times more total
biomass than unfertilized seedlings. Despite being 23%
more expensive than the local substrate, this substrate has
a more acceptable pH, bulk density, and nutrient contents.
The importance of selecting the appropriate dose of CRF
among tree species of the same biome is highlighted.

Keywords: Lecythis tuyrana, Eschweilera coriacea,

Clathrotropis brunnea, restauration, silviculture.

Rev. Ceres, Vicosa, v. 72, 72037, 2025


https://doi.org/10.71252/2177-34912025720037
mailto:jrojas@agrosavia.co
mailto:dgalvis@agrosavia.co
mailto:dgalvis@agrosavia.co
mailto:fcarvalho@agrosavia.co
mailto:aprato@agrosavia.co
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0003-3929-9487
https://orcid.org/0000-0003-3694-5551
https://orcid.org/0000-0001-7815-0082

2 Andrés Ivan Prato et al.

INTRODUCTION

Of the five natural regions that divide Colombia, the
Magdalena River basin, inserted in the Andean region,
comprises 23% of the national land area or 265.500 km? and
is characterized by the presence of abundant endemic flora
and fauna.( However, intense deforestation has led to only
13% of the original forest cover remaining."” Several forest
species native to the Magdalena River Basin could be used
in ecological restoration or commercial reforestation. For
example, oil extracted from Lecythis tuyrana Pittier could
be used for conventional or vacuum frying and baking.®

Eschweilera coriacea (DC.) S.A. Mori can be an im-
portant source of timber.®’ Sawdust of Clathrotropis brun-
nea Amschoff has pharmacological potential against cuta-
neous leishmaniasis and trypanosomiasis and high-quality
wood.* The first step is establishing a baseline to produce
high-quality seedlings of these species.

Among the factors that influence seedling growth
and quality, the substrate plays a fundamental role, as it
provides water and nutrients.®” In recent years, soil re-
placement has become increasingly important in substrate
formulation due to environmental concerns, the presence
of pests or diseases, and inadequate physicochemical prop-
erties.® Organic residues from forestry or other industries
have proven to be a viable alternative for partially or totally
replacing soil, as it improves nutrient availability, porosity,
moisture retention, C:N ratio, and pH.*'?

Controlled-release fertilizers (CRFs) represent an al-
ternative to conventional fertilizers in seedling production,
as they improve nutrient absorption efficiency,” while
reducing losses due to leaching or volatilization and mini-
mizing root damage caused by excessive fertilization.(!"1?
In addition, fewer applications reduce production costs,
especially for species with long growth periods.*!Y How-
ever, the high cost of CRFs makes it necessary to adjust
the optimal dose for each species.(*!> In Colombia, CRF
doses for native forest seedlings are still based on empirical
data or on rates used for exotic species in subtropical or
temperate conditions.

Our hypotheses were: 1) tree species in the Tropical
rainforest are affected differently by CRF use, and 2)
partial substitution of soil by organic components in the
substrate composition with the correct dose of CRF is
commercially justified. The objective was to select the
appropriate substrate with alternative components and CRF

doses to produce seedlings of three tropical tree species of

the Magdalena River basin. This baseline would be a more
sustainable environmental alternative in the long term than
the predominant use of local soil as the sole component for

substrate composition.
MATERIALS AND METHODS

Seedling production

The study was conducted at Centro de Investigacion
La Suiza of Corporacion Colombiana de Investigacion
Agropecuaria (Agrosavia), located in the municipality of
Rionegro, Santander, Colombia (7°22°10”°N, 73°10°39”W,
550 m). According to the Koppen classification, the region
shows a humid tropical climate (Af) with historical (1993
t0 2022) averages of 27.5 °C and rainfall of 2,868 mm year!
(Figure S1). From January to April 2022, mature fruits were
collected from tree crowns in the municipalities of Puerto
Parra, Landazuri, Bolivar, and Cimitarra, Magdalena River
basin, Andean region, department of Santander, Colombia
(Figure 1; Figure S2).

The intense loss of native forest cover in the collection
areas caused few individuals to be found, reducing the
number of available seeds, especially for Eschweilera
coriaceae (Table S1). As these three species are rare
or have some degree of local threat,"'® up to 30% of the
mature fruits observed in the tree canopy were collected,
limiting the number of seedlings per experimental unit or
replicates. Seedlings were produced in a nursery with a
black monofilament screen and mesh to offer 50% shading
and micro-sprinkler irrigation (water blade= 10 mm day")
(Figure S2). Seed seedlings were transplanted 65 days after
sowing (das) to 1,250 cm? polyethylene plastic bags (10
diameter x 27 cm height), the most common in local forest
nurseries.

A randomized complete block experimental design
with three replications in a 3 x 3 factorial arrangement was
adopted for each species (independent experiment). The
experimental unit for Clathrotropis brunnea and Lecythis
tuyrana was nine seedlings and six for Eschweilera cori-
acea. Factor A referenced three substrates formulated with
different volumetric proportions of the following alterna-
tive components: pine bark (PB), local soil (LS), collected
at a depth of 0-30 cm in a forest area; rice husk (RH); and
commercial vermicompost comprising bovine manure
and plant residues (VC). PB and LS were sieved through
a 0.5 cm mesh before mixing with the other components.

Substrate treatments were denominated as follows:
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S1=60% LS +20% RH + 20% VC or the substrate used by
local nurseries without CRF to serve as our control and two
proposed alternative substrates, S2=40% LS + 40% RH +
20% VC and S3=20% LS +40% VC + 40% PB.

A sample of the soil used was analyzed, indicating
high acidity (pH = 4.1) and exchangeable aluminum
(3.37 cmol, kg™, low extractable P (7.46 mg kg'), and
cation exchange capacity (CEC) with values of 0.11, 0.19
and 0.59 cmol; kg' of K*', Mg™ and Ca®, respectively.
Data provided by the manufacturers indicates that ver-
micompost contains: pH= 7, bulk density= 0.83 cm g7,
CEC= 25 cmol, kg', C:N ratio= 13, and, in g kg', N=
2.0, P= 0.66, and K=1.0; pine bark contains: pH= 6.2,
bulk density= 0.21 cm g*, and water holding capacity=
28%; and rice husk contains: pH= 6.8, water holding
capacity= 26% and, in g kg!, P=0.40 and K=4.15.

Factor B comprised three doses of CRF (Basacote ®
Plus 6M) with granule size of 2 to 4 mm, a formulation
of 16% N, 8% P,0s, 12% K0, 2% MgO, 5% S, 0.02% B,
0.05% Cu, 0.4% Fe, 0.06% Mn, 0.015% Mo, and 0.02%
Zn. Clathrotropis brunnea and Lecythis tuyrana received
4 and 8 g L' of CRF. In contrast, the smaller seedlings of
Eschweilera coriacea received a dose of 2.5 and 5 g L'
to reduce the risk of toxicity. The control treatment for all
three species did not receive CRF. For a better homogeni-
zation, for every 60L of prepared substrate the correspond-
ing amount of fertilizer dosage was added and so on until
completing the filling of the all bags.

Evaluation of seedling growth and quality

Based on previous studies on similar conditions, a time

of seedling production of 180 das was determined for Le-
cythis tuyrana and 210 das for Clathrotropis brunne.'"'® In
Eschweilera coriacea, the criterion was based on seedlings
reaching a mean height greater than 20 cm in the best treat-
ment, which was at 275 das. Height and stem diameter were
measured after 95 days and every three or four weeks. A to-
tal of 4, 5, or 7 evaluation periods were measured until the
seedling production time was completed, depending on the
species. Stem diameter (SD) was measured at the epicotyl
scar (Lecythis tuyrana) or the substrate level (Eschweiler
coriacea and Clathrotropis brunnea) with a digital calibra-
tor and height (H) was measured from the substrate level to
the apical bud with a flex meter. Once seedling growth was
complete (at 180, 210, or 275 days), destructive sampling
was performed. Shoot dry mass (SDM) and root dry mass
(RDM) were determined by drying the plant material in an
oven at 65 °C up to constant weight. With these values,
the Dickson’s quality index (DQI) was determined”
(Formula 1):
DQI = (TDM) / ((H / SD) + (SDM / RDM)) (Formula 1)
Where height (H [cm]), stem diameter (SD [mm)]), total dry
mass (TDM) = shoot dry mass (SDM [g seedling]) and
root dry mass (RDM [g seedling™']).

Coordinate reference system
Datum: Magna - Sirgas EPSG 4686
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Figure 1. Location of the area for seed collection of three tree species in the municipalities of Cimitarra, Puerto Parra, Landazuri and

Bolivar, Magdalena River basin, Santander, Colombia.
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The mean =+ standard deviation temperature and relative
humidity recorded inside the nursery during the experi-
mental period (May 2022 to January 2023) were 24.6 +
4.5 °C and 82.3 + 16.1%, respectively.

Substrates characterization and costs

A sample of saturated substrate paste (S1, S2, and S3
substrates), with water added until the point of saturation,
was sent to characterize its chemical and physical proper-
ties per Colombian Technical Standard NTC 5167.?” The
substrate's bulk density (Bd) was determined following
the methodology standard.?) The cost of each substrate
(USD$ m?) included transportation from the acquisition
site to the municipality of Rionegro, plus the CRF added.
Transportation cost was standardized for all components
at 46.0 USD m™ and one bag (25 kg) of CRF for 172.5
USD. Prices of the components were 32.2, 202.4, 128.8,
and 358.8 USD m™ for local soil, vermicompost, rice husk,

and pine bark, respectively.

Statistical analysis

Normality and homoscedasticity of variance of the
attributes biometric and quality indices of the seedlings
were verified in each experiment, according to the
Shapiro-Wilk and Bartlet tests, respectively. A two-way
analysis of variance was conducted (factors: substrates x
doses of CRF) to verify the effect of the factors and the
interaction on the response variables. When a significant
effect was identified, the treatment mean was adjusted to
the regression models (linear and quadratic) for the dose of
CRF (quantitative factor). The Tukey test was applied for
the substrates (qualitative factor). The best model selection
was based on the significance of the parameter estimates
and R? values. The same regression analysis was performed
on height and stem diameter to analyze growth in different
evaluation periods. However, substrate, CRF, and days
after planting (time) were considered sources of variation.
All analyses were performed in the statistical program R

version 4.2.2) using the ExpDes package.??
RESULTS

Evaluation of seedling growth and quality

Depending on the species, the growth of seedlings
responded in different ways to the substrates formulated,
dose of CRF, days after sowing (das), or its interaction. The

increase over evaluation periods (95, 120, 145, and 180) in

stem diameter of Lecythis tuyrana seedlings were affected
(p < 0.05) by the interaction of the factors CRF x substrate
x das and height by the interaction’s substrate x das and
CRF x das (Table S2). At the end of seedling production
time (six months), there was an isolated effect (p < 0.05) of
the CRF factor for SDM and TDM (Table S2). These four
variables showed a linear response with increasing doses
of CRF, but the equation fit was lower for SDM and RDM
(Figure 2). The RDM, SDM: RDM, and DQI (p > 0.05) had
a mean of 2.49 g seedling’, 5.85, and 1.40, respectively
(data not shown). Seedlings fertilized with 8 g L' compared
to unfertilized seedlings were taller (53.3 cm vs. 44.6 cm;
+20%) and accumulated more SDM (15.5 g seedling™ vs.
13.1 g seedling; +19%) and TDM (18.0 g seedling™! vs.
15.5 g seedling™; +16%) (Figure 2A and 2C). However, the
increase in stem diameter (7.8 mm vs. 7.6 mm; + 3%) was
almost invariable (Figure 2B).

The analysis of variance showed an effect (p < 0.05)
for the interaction of the factors CRF x substrate x das
on height growth over evaluation periods (100, 130, 160,
190, and 210 das) and the factor das on stem diameter of
Clathrotropis brunnea seedlings (Table S3). Considering
the last evaluation period at seven months, SDM depended
(p < 0.05) on the isolated effect for the CRF and substrate
factors; RDM, SDM: RDM and DQI on the effect of the
CRF factor and TDM on the effect of the substrate factor
(Table S3). In general, the height of seedlings had a strong-
ly linear growth with increasing doses in three substrates,
as well as stem diameter (Figure 3). The coefficient of
determination was low for the linear behavior of RDM,
SDM, SDM: RDM, and DQI (Figure 4).

The maximum dose of 8 g L' implied that the seedlings
were taller than unfertilized seedlings in the S2 substrate
(40.5 cm vs. 33.7 cm; +20%) but practically constant in
the S1 (35.1 cm vs. 35.0 cm) and S3 substrates (41.4 cm
vs. 39.5 cm) (Figure 3A, 3B and 3C). Regardless of the
substrates, there was a decrease in RDM (2.98 g seedling™!
vs. 2.48 g seedling'; -17%) and DQI (1.30 versus 1.15;
-11%) but an increment in SDM: RDM (2.84 vs. 2.10;
+35%) when increased to 8 g L' (Figure 4A, 4B and
4C). The SDM did not fit any mathematical model and
showed a mean of 6.26 g seedling (Figure 4A). The SDM
(7.06 g seedling™) and TDM (9.59 g seedling™) in S3 sub-
strate were 12 e 3% higher than S1 substrate, respectively
(Table S4).

During the 9.2 months in which the Eschweilera coria-
cea seedlings were evaluated (95, 120, 150, 180, 215, 235,
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and 275 das), the analysis of variance showed influence
(p < 0.05) in height for the interactions of the factors CRF
x das and substrate x das and the stem diameter for the
interaction of the factors CRF x substrate x das (Table S5).
In the last seedling evaluation at 275 das, the interaction of
CRF and substrate factors influenced (p < 0.05) the SDM,
TDM, and DQI; the isolated effect of CRF and substrate
factors the SDM: RDM (Table S5). The seedlings' growth
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The increase in final stem diameter when using 5 g L'
was greater in unfertilized seedlings from substrate S2
(5.03 mm vs. 3.75 mm; + 34%) than in those from sub-
strate S1 (4.19 mm vs. 3.56 mm; +17%) (Figure 5C and
5D). In substrate S3, the seedling doses reached similar
values among the CRF doses (mean 4.58 mm) (Figure 5E).

The dose of 5 g L' in substrate S2 showed a substantial
quadratic adjustment, while the other treatments followed
a linear adjustment. SDM, DQI, and TDM were more
favored using CRF in the S2 substrate than in the S1 and
S3 substrates. In substrate S3, these three variables showed
a constant response (Figure 6A, 6C and 6E).
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Figure 6. Regression equations for shoot dry mass SDM (A), root dry mass RDM (B) and total dry mass TDM (C), SDM: RDM (D) in
Eschweilera coraceae seedlings depending on interaction of doses of controlled-release fertilizer x substrate (SDM, RDM, TDM and
DQI) or doses of controlled-release fertilizer (SDM: RDM), after nine months in the nursery.

The maximum dose of 5 g L' implied a positive sec-
ond-degree polynomial adjustment of the SDM in substrate
S2 reaching a value 1.3 times higher than unfertilized seed-
lings (3.45 g seedlings™” vs. 1.50 g seedlings™). In substrate
S1, the response was linear with a 0.7 times higher value
(1.61 g seedlings™ vs. 0.95 g seedlings™) (Figure 6A). TDM
had a linear behavior in both substrates S1 and S2 (Figure
6C). The RDM had a constant value (2.05 g seedling™)
among the doses evaluated in the three substrates (Figure
6B). Independent of the substrate, SDM: RDM showed
a positive linear response as a function of CRF (Figure
6D). Finally, DQI in the S2 substrate responded linearly,
increasing its value to 43% with the 5 g L' relative to the
unfertilized seedlings (0.40 vs. 0.57). On the contrary, in
S1 and S3 substrates, the response was constant between
doses (Figure 6E).

DISCUSSION

Biometric variables and quality indices

No reference values were found for the parameters
evaluated in the seedlings of the three species. Therefore,

the comparison of their suitability for field planting must
rely on other species. Reports on other forest species (e.g.
Pinus sp. or Eucalyptus sp.) indicate heights from 20 to 30
cm, stem diameter > 4.00 mm, or an optimal SDM:RDM
ratios fall between 2 and 3, providing better resistance to
hydric stress by balancing shoot, photosynthetic capacity
with root nutrient and water absorption.®2% All seedlings
of Lecythis tuyrana (height > 45 cm and SD > 7.6 mm) and
Clathrotropis brunnea (height > 34 cm and SD = 7.22 mm)
exceeded the required height and stem diameter. The DQI,
which groups non-destructive and destructive variables,
indicates a positive correlation with seedling quality. Stem
diameter, a non-destructive method, can be considered the
best practical indicator for estimating DQL."®%9 Judging by
the constant results of the DQI and the minor variation in
the other attributes, seedlings of both species can be pro-
duced on any substrate without the addition of CRF.
Lecythidaceae, the third most abundant tree family
in Amazonian forests, is characterized by having many
emergent species. Together with Clathrotropis (Fabaceae),
they are common in non-flooded lowlands.®?® High-den-

sity wood species tend to grow slowly, while pioneer
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species show rapid growth but low wood density.®?” The
basic wood density of Clathrotropis brunnea (0.89 g cm™),
Eschweilera coraceae (0.81 g cm™) and Lecythis sp
(0.77 g cm?) suggests slow growth.?” Therefore, it is
unlikely that differences in response to CRF are related
to succession status. Pioneer species tend to benefit more
from nutrient enrichment due to reduced competition.®®
A longer-term assessment of seedling growth could better
clarify the strategies of each species in its different phases.
For example, E. coriaceae may require higher initial light
levels and then a more shaded environment to achieve
higher growth rates.

A common characteristic between Lecythis tuyrana and
Clathrotropis brunnea seeds is their dimensions, 4.5 cm x
7.0 cm ? and 4.4 cm x 3.0 cm,® respectively, which are
larger than the seeds of Eschweilera coriacea, measuring
2.5-3.0cmx 1.5 - 2.0 cm.®? Larger seeds generally pro-
duce more vigorous seedlings with higher survival proba-
bility.183D As the release time of CRF (5-6 months at 21 °C)
was sufficient according to the manufacturer for soils with
low natural fertility, E. coriaceae seedlings would probably
increase establishment rates if fertilized. This is especially
true for the initial phase, where abiotic and biotic factors
play an important role.

The increase of up to 15% in some attributes (height,
SDM, and TDM) with the addition of 8 g L' of CRF in
Lecythis tuyrana seedlings was probably due to the seed
and nutrient reserves in the three substrates being sufficient
with the size of the bag used. The near absence of influence
of substrates, CRF, or their interaction with Clathrotropis
brunnea seedlings reinforces our hypothesis. When 3 g L™!
of CRF was added to a substrate like substrate S1, there was
hardly a significant effect on the SDM of Lecythis tuyrana
seedlings produced with this same bag volume.'” Similar
results to our study were found in Clathrotropis brunnea
seedlings without CRF.(®

If the stem diameter is considered as the only quality pa-
rameter, fertilized and unfertilized seedlings from substrate
3 (> 4.5 mm), the combination of substrate S1 +2.5 g L"!
(4.05 mm) or substrate S2 + 5 g L' (4.09 mm) reached the
required. The best positive response with the combination
substrate S2 + 5 g L' for the height, stem diameter, SDM,
TDM, and DQI without altering the ideal SDM:RDM indi-
cates that it should be chosen over the other combinations.
Unlike L. tuyrana and C. brunnea, the strong substrate x

CRF interaction observed in E. coraceae may be due to

a more rapid depletion of nutrient reserves in its smaller
seeds. High-quality seedlings also showed a higher shoot/
root ratio, which improves photoassimilate production.

It is important to interpret the results for the three
species cautiously because the attributes and quality in-
dexes vary on factors such as nursery duration, container
volume, substrates, and species characteristics.®!32>32 For
example, stem diameter, height, and DQI predict the field
performance of seedlings; however, sometimes, the effect
in the nursery does not continue in the field."” We suggest
that seedlings from these best treatments be evaluated in
the field to propose minimum quality parameters for each
species. This would establish a baseline for selecting seed-
lings suitable for planting in the field.

Some variables did not present a good fit to the model,
and only three doses were evaluated in our study, but there
was no evidence that increasing the doses negatively af-
fected the growth of the seedlings. In various tree species,
doses within or above the range evaluated in this study
have been recommended because no toxicity effects were
reported.!1319 Thus, higher doses can be evaluated. We
are aware that the smaller number of seedlings per repe-
tition in the E. coriacea experiment could cause concern
in the interpretation of the results. We suggest establishing
seed orchards and germplasm banks and conducting a more
exhaustive identification of mature trees of this species in

the region under study.

Substrate characterization and costs

All substrates exhibited a C:N ratio of less than 20,
suggesting good stability and maturity of the components,
which avoids the immobilization of N.®33% The properties
of each substrate explain the difference observed between
them when CRF was not applied. Substrate S2 had a higher
content of P and K and a slight decrease in bulk density
compared to substrate S1 (Table 1). Even so, it was the
S3 substrate that showed greater fertility, water retention
capacity, pH, and bulk density that was closer to the rec-
ommended of 5.5 - 6.5 and < 0.85 g cm?, respectively.®
The electrical conductivity, however, was the highest and
should be monitored. The increase in vermicompost used
in the composition of substrates led to a greater CEC of
up to 20 times higher than the very acidic local soil with
a CEC < 1 cmol, kg (Table 1). The improvement in soil
fertility with vermicompost, chicken, or bovine manure,
which tends to be neutral to basic, has been demonstrated
by other studies on forest species. 103234
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Table 1. Physicochemical properties and cost of substrates in seedling production of three tropical forests with the use of a 6-month

controlled-release fertilizer (CRF)

E.C C N P K CEC C:N ratio
S pH
dS m’! g kg! cmol, kg!
S1 7.1 5.0 2.21 0.32 <0.01 <0.01 9.7 7.0
S2 6.6 5.8 1.88 0.30 0.20 0.13 10.1 6.4
S3 6.0 9.1 9.74 0.56 0.17 0.26 19.4 17.5
Bd WHC Dose of CRF (g L")

(g cm®) % 0 2.5 4 5 8
S1 1.25 49.6 85.6 92.7 97.1 99.9 108.6
S2 1.02 48.2 USD$ m™ * 106.4 112.1 116.4 119.3 127.9
S3 0.78 93.9 230.9 238.1 242.4 2453 253.9

E.C= electrical conductivity. C= organic carbon. Bd= bulk density. CEC= cation exchange capacity; K*!' + Mg + Ca WHC= water holding capacity.

* 1 US$D = COPS$ 4,344 (2025 Jan 17) ¢

S1 substrate with the lowest proportion of vermicompost
promoted the lowest growth in the Eschweilera coraceae
seedlings and, to a lesser extent, in Clathrotropis brunnea.
This substrate's high proportion of soil reduced the aera-
tion capacity, drainage, and fertility (Table 1). Therefore,
the quality of seedlings even using the CRF. The higher
proportion of rice husk (40%) in substrate S2 - a stable
organic component known for its neutral pH, good aeration
capacity, and low bulk density®> — increased the pH and
improved water holding capacity in this substrate (Table 1).
The same positive effect with pine bark composition in the
S3 substrate could occur where the quality of Eschweilera
coraceae seedlings was similar, even without fertilization,
to those obtained with the other fertilized substrates.

Pine bark is an organic material with high organic
carbon content, Ca™ and K*', low bulk density, high C:N
ratio, and adequate drainage,*3% as the physicochemical
analysis showed (Table 1). The low Ca™? available in the
local soil and its absence in the CRF indicate a relevant
effect of pine bark and, to a lesser extent, vermicompost on
seedling growth.

In Colombia, most nurseries select soil as the main
component for substrate formulation in seedling produc-
tion. Disregarding the negative environmental impact and
its inadequate physicochemical properties (sanitation, poor
drainage, high density, and nutritional deficiencies) that
predispose seedlings to sanitary and physiological prob-
lems, soil is preferred due to availability and lower cost.
#3435 In unfertilized substrates, the partial substitution of
the soil of substrate S1 with pine bark, vermicompost, or
rice husk increased the costs of the other substrates, rang-
ing from 23 (S2) to 170% (S3) (Table 1). Although it does

not equal the best quality of the S3 substrate, replacing pine
bark with rice husk lowers costs and provides acceptable
fertility and aeration capacity in the S2 substrate.
Considering the substrate S1 as a reference because it is
the most common in local nurseries, the fertilization with
8 g L' increases costs by 27% compared to unfertilized
Lecythis tuyrana and Clathrotropis brunnea seedlings but
with a gain in biomass or height of less than 20%. In Esch-
weilera coraceae, the substrate S2 + 5 g L' would increase
costs by 39% compared to the unfertilized seedlings of
substrate S1 (119.3 USD$ m? versus 85.6 USD$ m) but
with a substantial increase in the quality of the seedlings
(height=+116%, stem diameter= +41, SDM= +311%,
RDM= +61%, and DQI=+ 64%). Improvements in these
parameters will most likely increase the survival chances
of seedlings. Large-scale forest seedling production
presents significant environmental drawbacks due to the
dependence on the soil as a substrate principal component.
©10 Therefore, there is an urgent need to replace soil with

alternative components in these three species.

CONCLUSIONS
The combination of S2 substrate + 5 g L' of CRF is

likely justifiable because it improves the growth parameters
of Eschweilera coriacea seedlings and reduces production
time in the nursery. Still, these seedlings should be evalu-
ated in the field.

Although it is more expensive and does not imply a
substantial improvement in growth and quality, it is sug-
gested that Lecythis tuyrana and Clathrotropis brunnea
use the S2 substrate as an alternative to the local substrate
without fertilization.

Rev. Ceres, Vigosa, v. 72, €72037, 2025



10 Andrés Ivan Prato et al.

SUPPLEMENTARY DATA

Supplementary data are available at: https://docs.
google.com/document/d/11_sKQy7EBEVVuV2njDekHM-
LFssxwCfHZ/edit

ACKNOWLEDGEMENTS, FINANCIAL
SUPPORT AND FULL DISCLOSURE

The authors thank Corporacion Colombiana de In-
vestigacion de Colombia (Agrosavia) and Ministerio de
Ambiente of Portugal for financial and structural support
and the Herbarium of Universidad Industrial de Santander
for confirming the taxonomic identification of the studied
species (collection numbers 22224, 22225 and 22226).
There is no conflict of interest in the conduct and publica-
tion of the work.

DATA AVAILABILITY
All datasets supporting the results of this study are

available upon request to the corresponding author, Andrés
Ivan Prato. The datasets are not publicly available due to

restrictions imposed by the funders.

AUTHOR CONTRIBUTIONS

Conceptualization: Andrés Ivan Prato
Formal analysis: Andrés Ivan Prato (), Donald Adrian
Galvis (2, Fabricio Eulalio Leite Carvalho
Funding acquisition: Jairo Rojas-Molina
Methodology: Andrés Ivan Prato (2, Jairo Rojas-Mo-
lina

Supervision: Andrés Ivan Prato (), Jairo Rojas-Molina

Writing — original draft: Andrés Ivan Prato
ald Adrian Galvis

Jairo Rojas-Molina

, Don-

, Fabricio Eulalio Leite Carvalho 2,

Writing — review & editing: Andrés Ivan Prato (2,
Donald Adrian Galvis

, Jairo Rojas-Molina

, Fabricio Eulalio Leite Carvalho

REFERENCES

1. Angel JD, Escobar HE. Sediment load trends in the Magdalena
River basin (1980-2010): Anthropogenic and climate-induced
causes. Geomorphology. 2018;302: 76-91.

2. Arbelaez AF, Pacheco AC, Rojano B. Composition, antioxidant
activity, thermal and oxidative stability of Lecythis tuyrana oil. ]
Food Nutr Res. 2018;57(1):87-97.

3. Nascimento CS, Nascimento CC, Aratjo RD, Soares JC, Higuchi
N. Characterization of technological properties of mata-mata wood
(Eschweilera coriacea [DC.] S.A. Mori, E. odora Poepp. [Miers]
and E. truncata A.C. Sm.) by near infrared spectroscopy. iForest.
2021;14(5): 400-7.

10.

16.

17.

20.

21.

22.

23.

Torres, F. Robledo SM, Quifiones W, Escobar G, Archbold R,
Correa E, et al. Exploring antiparasitic molecule sources from
timber by-product industries-leishmanicidal and trypanocidal
compounds from Clathrotropis brunnea Amshoff. Front Pharma-
col. 2020;11(584668):1-10.

Fuentes L, Pefia LA, Carrefio JA, Jaramillo MA. Functional diver-
sity and species diversity in flooded and unflooded tropical forests.
Acta Oecol. 2022;114(8):1-7.

Chu X, Wang X, Zhang D, Wu X, Zhou Z. Responses of Taxus
chinensis and Phoebe chekiangensis seedlings to controlled-re-
lease fertilizer in various formulations and application rates.
iForest. 2019;12(3):254-61.

Zhang P, Zhang G, Shang X. Effect of different peat substitute
substrates on the growth and quality of seedlings of Handroanthus
chrysanthus (Jacq.) S.O. Grose. Forests. 2022;13(10):1626.

Schafer G, Lerner BL. Physical and chemical characteristics and
analysis of plant substrate. Ornam Hortic. 2022;28(2):181-92.

Mariotti B, Oliet JA, Andivia A, Tsakaldimi A, Salvador A, Iveti¢
V, et al. A global review on innovative, sustainable, and effective
materials composing growing media for forest seedling produc-
tion. Curr For Rep. 2023;9(6):413-28.

Griebeler, A, Araujo M, Turchetto F, Berghetti AL, Rorato DG,
Fermino MH, et al. Organic waste and controlled-release fertilizer
maximize the growth of Citharexylum montevidense in nursery and
in the field. Cerne. 2023;29(e-103003):1-13.

Cunha FL, Nieri EM, Melo LA, Miranda EN, Fernandes TJ, Ven-
turin N. Efficiency of slow-release fertilizers in the production of
Eucalyptus grandis seedlings. FLORAM. 2021;28(4):1-9.

Wang M, Li G, Liu Y. Nursery fertilization affected field perfor-
mance and nutrient resorption of Populus tomentosa Carr. ploidy
levels. iForest. 2022;15(1):16-23.

Gomes EN, Vieira LM, Fagundes CM, Rossa UB, Tofanelli M,
Deschamps. Controlled-release fertilizer increases growth, chloro-
phyll content and overall quality of loquat seedlings. Comun. Sci.
2020;11(e3353):1-8.

Vejan P, Khadiran T, Abdullah R, Ahmad N. Controlled release
fertilizer: A review on developments, applications and potential in
agriculture. J Control Release. 2021;339(2):321-34.

Aispuro RE, Ruiz JA, Aldrete A, Diaz JC, Wehenkel CM,
Simental JA, et al. Alternative substrates and fertilization doses
in the production of Pinus cembroides Zucc. in nursery. Forests.
2020;11(71):1-13.

International Union for Conservation of Nature Red List of Threat-
ened Species [Internet]. Cambridge: IUCN Red List; ¢2025 [cited
2025 Jan 12]. Available from: https://www.iucnredlist.org

Carvalho FE, Sarmiento AI, Molina J. Quality of Lecythis tuyrana
Pittier seedlings using controlled-release fertilizer volumes of
container and light acclimatation. FLORAM. 2023;30(3):1-9.

Daibes LF, Sarmiento Al, Carvalho FE. Aspects of seedling pro-
duction of Clathrotropis brunnea Amshoff, a threatened legume
tree from Colombian rainforests. Floresta. 2023;53(4):477-86.

Dickson A, Leaf AL, Hosner JH. Quality appraisal of white spruce
and white pine seedling stock in nurseries. For Chron. 1960;36:10-
3.

Instituto Colombiano de Normas Técnicas y Certificacion.
ICONTEC NTC 5167: Productos organicos usados como Abonos
o fertilizantes y enmiendas o acondicionadores de suelo. Bogota:
ICONTEC; 2011. 54 p.

Brasil. Instru¢do Normativa no 17, de 21 de maio de 2007.
Aprova os métodos analiticos oficiais para analise de substratos e
condicionadores de solos, na forma do anexo a presente Instrucao
Normativa. Diario Oficial da Uniao. 2007 May 21: 1-8.

R Core Development Team. [Internet]. R: A Language and en-
vironment for statistical computing. ¢2025 [cited 2025 Jan 12].
Available from: https://www.r-project.org.

Davide AC, Botelho SA. Fatores que afetam a qualidade de mudas

Rev. Ceres, Vigosa, v. 72, €72037, 2025



https://docs.google.com/document/d/1l_sKQy7EBEVVuV2njDekHMLFssxwCfHZ/edit
https://docs.google.com/document/d/1l_sKQy7EBEVVuV2njDekHMLFssxwCfHZ/edit
https://docs.google.com/document/d/1l_sKQy7EBEVVuV2njDekHMLFssxwCfHZ/edit
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0003-3694-5551
https://orcid.org/0000-0001-7815-0082
https://orcid.org/0000-0003-3929-9487
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0003-3929-9487
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0003-3929-9487
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0003-3694-5551
https://orcid.org/0000-0001-7815-0082
https://orcid.org/0000-0003-3929-9487
https://orcid.org/0000-0001-9794-6094
https://orcid.org/0000-0003-3694-5551
https://orcid.org/0000-0001-7815-0082
https://orcid.org/0000-0003-3929-9487
https://www.iucnredlist.org
https://www.r-project.org

Production of seedlings of three forest tree species from the Colombian tropical rainforest

11

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rev. Ceres, Vigosa, v. 72, €72037, 2025

destinadas aos projetos de restauragdo de ecossistemas florestais.
In: Davide AC, Botelho AS, organizators. Fundamentos e métodos
de restauragdo de ecossistemas florestais: 25 anos de experiéncia
em matas ciliares. 1. ed. Lavras: Editora UFLA; 2015. p. 433-475.

Grossnickle SC, Macdonald JE. Why seedlings grow: influence of
plant attributes. New Forests. 2018;49:1-34.

Avelino N, Schilling AC, Dalmolin AC, Santos M, Mielke M.
Alocagdo de biomassa e indicadores de crescimento para a aval-
iacdo da qualidade de mudas de espécies florestais nativas. Ciénc.
Florest. 2021;31(4):1733-50.

Duque A, Muller-Landau H, Valencia R, Cardenas D, Davies S,
Oliveira F, et al. Insights into regional patterns of Amazonian for-
est structure, diversity, and dominance from three large terra-firme
forest dynamics plots. Biodivers Conserv. 2017;26(3):669-86.

Fearnside PM. Wood density for estimating forest biomass in
Brazilian Amazonia. For Ecol Manag. 1997;90(1):59-89.

Bertoncello R, Oliveira AA, Holl K, Pansonato M, Martini A. Clus-
ter planting facilitates survival but not growth in early development
of restored tropical forest. Basic Appl Ecol. 2016;17(6):489-96.

Sarmiento Al, Daibes LF, Morales MA, Colorado AA, Heredia
C, Fior CS. Seedling emergence of the tree legume Clathrotropis
brunnea Amshoff, endemic from a Colombian Tropical rainforest.
For Sci. 2021;67(4):457-67.

Lopes MA. Population structure of Eschweilera coriacea (DC.) S.
A. Mori in forest fragments in eastern Brazilian Amazonia. Rev
Bras Bot. 2007;30(3):509-19.

Malhado AC, Oliveira-Neto JA, Stropp J, Strona G, Dias LC, Pinto
LB, et al. Climatological correlates of seed size in Amazonian
Forest trees. J Veg Sci. 2015;26(5): 956-63.

Sarmiento Al, Quintero SN, Pelaez J, Souza PV. Substrates,
seedling age, and environment in the initial growth of Cariniana
pyriformis Miers. Floresta. 2020;50(2):1287-96.

Singh R, Singh R, Soni S, Singh S, Chauhan UK, Kalra A.
Vermicompost from biodegraded distillation waste improves soil
properties and essential oil yield of Pogostemon cablin (patchouli)
Benth. Appl Soil Ecol. 2023;70: 48-56.

Lucena Junior A, Silva A, Dionisio LF, Silva GR, Sousa GS, Moraes
C. Quality of African mahogany seedlings in substrates with soils
from the Cerrado biome. Ciénc. Agrotec. 2022;46(e000221):1-13.

Camacho OI, Toro MC, Diaz JS. Caracterizacion de materiales
con uso potencial como sustratos en sistemas de cultivo sin suelo.
Cienc. Tecnol. Agropecuari. 2021;22(1): e1977.

Kratz D, Nogueira AC, Wendling I, Mellek J. Physic-chemical
properties and substrate formulation for Eucalyptus seedlings
production. Sci For. 2017;45(113):63-76.

Banco de La Republica. [Internet]. Bogota: Banco de la Republica;
¢2025 [cited 2025 Jan 17]. Available from: https://www.banrep.
gov.co/es/estadisticas/trm).



https://www.banrep.gov.co/es/estadisticas/trm
https://www.banrep.gov.co/es/estadisticas/trm

