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Abstract

Tecoma stans is popularly known as ipé-mirim in Brazil. This species belongs to the Bignoniaceae family and it is native to
Americas and Antilles, where it is widely used in landscaping as urban tree. The seedlings are produced from seeds and there
are several factors that influences its development, such as the sowing time and the substrate. This work aimed to understand
the effect of the sowing time and substrates on the production of Tecoma stans seedlings. The experiments were carried out in
a nursery. The experimental design was completely randomized. The substrates were arranged in a 2 x 6 factorial scheme, two
sowing times (autumn and spring) and six commercial substrates (SC1; SC2; SC3; SC4; sand and vermiculite) under four replicates
and ten seedlings per plot. The means were compared to each other using the Tukey test (p < 0.05). There was a significant
difference between the seasons of the year, showing that the percentage of emergence was higher in spring (89%). The seedlings
of Tecoma stans were shown to be nutrient-dependent both in the emergence of the seedling and in the subsequent development
of the seedlings, since the highest averages of the studied characteristics were obtained in the commercial substrates, as they have
nutrients in their composition, with greater emphasis on SC1.

Keywords: ornamental plant, seedling production, Tecoma stans, urban afforestation.

Resumo
Epoca de semeadura e substrato na producio de mudas de ipé-mirim

Tecoma stans, popularmente conhecida como ipé-mirim ¢ uma espécie arborea pertencente a Familia Bignoniaceae. Nativa nas
Américas e Antilhas, ¢ amplamente utilizada no Brasil, no paisagismo e na arborizagao urbana. A produgdo de suas mudas ¢ feita
por sementes e sdo varios os fatores que interferem neste processo € no seu posterior desenvolvimento como a época de semeadura
e o substrato. O objetivo deste trabalho foi avaliar o efeito da época de semeadura e do substrato na produgéo de mudas de Tecoma
stans. Os experimentos foram conduzidos em viveiro. O delineamento experimental foi inteiramente casualizado. Os tratamentos
foram arranjados em esquema fatorial 2 x 6 sendo duas épocas de semeadura (outono e primavera) e seis substratos (SC1; SC2;
SC3; SC4; areia e vermiculita); foram quatro repeti¢des e dez plantulas por parcela. Avaliou-se a porcentagem de emergéncia
e variaveis morfologicas. As médias foram comparadas entre si por meio do teste de Tukey (p < 0,05). Verificou-se diferenga
significativa entre as épocas do ano mostrando que a porcentagem de emergéncia foi superior na primavera (89%). As mudas de
Tecoma stans se mostraram ser dependentes de nutrientes tanto na emergéncia da plantula como no posterior desenvolvimento das
mudas, ja que estes possuem nutrientes em sua composi¢ao, com destaque superior para SC1.

Palavras-chave: arborizagdo urbana, planta ornamental, producdo de mudas, Tecoma stans.

Introduction it is a medium-sized tree, measuring 4 to 6 meters in height

and 25 cm in diameter at breast height (Lorenzi et al., 2003).

Tecoma stans (L.) Kunth (Bignoniaceae), is popularly  According to the same authors, due to the exuberance of its
known as ipé-mirim, and used in traditional medicine forthe  yellowish flowers throughout the year, this species is one
treatment of diabetes and digestive problems (Gongalves et  of the best ornamental elements for gardens and squares
al., 2022), exhibited antitumor, antioxidant, antimicrobial, in Brazil, in all regions of the country, except where very
hypoglycemic, free radical anti-inflammatory, antimicrobial, —severe frosts occur, as the species does not tolerate low
anti-fungal and anti-diabetic properties (Abirami and temperatures. This plant is widely used as an ornamental
Gomathi, 2022) but it is an ornamental plant (Larbie et al., tree in gardens, parks and in the urban environment (Castro
2020). The species is native to the Americas and Antilles; and Montalvao, 2019). This species has been widely used
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in landscaping and even more in urban afforestation due to
its size, which allows its use under aerial wiring.

Ipé-mirim is propagated by sexual mean and this
multiplication process, as well as the later development of
the seedling, are influenced by several factors, such as the
sowing time and the substrate. The study of these factors is
essential to produce lots without losses, in a short period of
time, in addition to vigorous seedlings. Due to the variability
in environmental conditions, it is essential to carry out
studies regarding the sowing time for each location, since
drought, heat and cold are abiotic stresses that interfere with
germination (Jiménez-Alfaro et al., 2018).

The quality of the substrate is related to the presence of
characteristics such as the absence of pathogens, richness
in essential nutrients, texture, structure and adequate pH, in
addition to easy acquisition and transport, water retention,
porosity, available water, salinity and organic matter
content (Silva et al., 2022). The substrate has the function
of sustaining and providing adequate conditions for a
seedling, contributing to its initial growth. Its composition
is an influencing factor on the seedlings that will be offered
on the market, providing the formation of seedlings with
satisfactory quality, facilitating planting operations and
ensuring good post-planting performance, greater entry
into the field and resistance to environmental stresses
(Siqueira et al., 2019).

In nurseries, the use of substrate poor in nutrients, or
nutritionally unbalanced, is common, causing low quality of
the seedlings, compromising their performance in the field,
making it necessary to use mineral fertilization, especially
of macronutrients, which are required in greater quantity
by the plants (Silva et al., 2015). Ready-to-use substrates
for seedling production can be found on the market and the
main products sold are pine bark and peat based (Caldeira
et al., 2011), however, it is difficult to find an isolated
material that meets all the conditions necessary for different
species, especially for forest species (Siqueira et al., 2018).
In Brazil, it is also possible to observe that the production
of seedlings, mainly in nurseries, is carried out using
substrates made from different raw materials, prepared on
site, which is often a problem for the nurserymen due to the
time spent in preparation and the difficulty of to obtain a
final substrate with desirable and uniform characteristics,
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especially when large volumes are needed.

Therefore, this work was conducted to evaluate the
effect of sowing time and substrates on the production of
seedlings of Tecoma stans.

Material and Methods

The experiment was carried out in a greenhouse
covered with a black screen (sombrite®) such as screen that
allows 50% of the light to pass through, in the state of Sao
Paulo under the coordinates 21°15°2” latitude, 48°16°47”
longitude and 600 meters of altitude. The region climate
is subtropical Cwa type (humid tropical with dry winter
and rainy summer) with minimum, average and maximum
temperatures of 19.8 °C, 24.5 °C and 32.5 °C, respectively.

The design of the experiment was factorial and
completely randomized. The treatments were arranged in
a 2 x 6 factorial scheme, with two sowing times (autumn
and spring) and six substrates (Carolina Soil®; Basaplant®;
Bioplant®; Maxfértil®; sand and expanded vermiculite of
medium granulometry); there were four replications and
10 seeds per plot, sown individually in tubes containing
the different substrates, four of them commercial with
varied compositions, and they were named SC1, SC2,
SC3 and SC4.

1. SC1 - peat, vermiculite, roasted rice husk, calcined
dolomitic limestone, NPK 14-16-18 fertilizer and
micronutrients.

2. SC2 - peat, vermiculite, pine bark, charcoal and
correctives.

3. SC3 - vermiculite, pine bark, sawdust, coconut
fiber, rice husk, ash, manure, agricultural gypsum, calcium
carbonate, magnesium thermophosphate and fertilizers.

4. SC4 - Pinus husk, rock phosphate, carbonized rice
husk, vermiculite and NPK fertilizer.

The substrates were purchased from local commerce,
and their chemical and physical characteristics were
obtained from existing data on the packaging, direct
information from the manufacturers and analyzes carried
out in the laboratory of the Instituto Agrondémico de
Campinas, SP (Table 1)
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Table 1. Physical and chemical characteristics of commercial substrates used in the production of seedlings of Tecoma

stans (L.) Juss. ex Kunth.

Chemical and physical properties SC1
pH (H,0) 5.5
CE (mS cm™) 0.7
Umidity (%) 60.0
Dry density (kg m™) 130.0
WRC (% v/v) 85.0
N (gKg" 5.6
P(gKg" 1.2
K (gKg") 11.1
Ca(gKgh 11.0
Mg (g Kg™) 443
S (g Kg?) 1.5
B (mg Kg') 30.6
Cu (mg Kg) 19.6
Fe (gKg") 17.6
Mn (mg Kg') 222.6
Zn (mg Kg™) 35.7

SC2 SC3 SC4
5.5 5.5 5.5
0.7 1.0 0.4
50.0 55.0 58.0
657.5 170.0 310.0
60.4 69.0 524
42 4.7 43
0.0021 2.5 23
0.0965 3.0 1.1
0.0369 8.5 11.4
0.0140 7.9 32
0.0479 1.4 0.6
0.1293 36.4 36.1
0.0274 15.4 37.2
0.0039 16.3 21.5
0.8487 259.1 315.0
0.0867 56.7 111.7

Extraction method: pH and electrical conductivity (EC) 1:5: method described in IN 17 of 21/05/2007; Humidity at 65°C: methods described in IN 17
of 05/21/2007 and IN 31 of October 23, 2008; Dry density: methods described in IN 17 of 21/05/2007 and IN 31 of 23 October 2008. Water Retention
Capacity (CRA 10): tension table at 10 cm of water column (10kPa). Methods described in IN 17 of 05/21/2007 and IN 31 of October 23, 2008.

The two experiments were installed in two different
seasons (Autumn and spring). In autumn, the experiment
was installed on 25/04/2018 and in spring, on 10/10/2018.
Before sowing, the water content of the seeds was
determined by the oven method at 105 + 3 °C, for 24 hours
(Ista, 2017), using two replicates of 20 seeds. The water
content obtained in the seeds in autumn was 8.26% and in
spring 8.27%. Such determination was performed only to
verify how the seeds were in relation to the water content
at the time of sowing.
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Sowing was carried out in tubes with a volumetric
capacity of 100 mL, two seeds were placed and then
thinned, leaving only one, adopting as criterion the seedling
with greater vigor and more centralized. 10 tubes were used
per plot. Irrigation was carried out through automatically
activated micro-sprinklers, 12 times a day, at intervals of
one hour, with the first irrigation at 6 hours and the last at
18 hours, with a duration of 5 minutes each irrigation.

Climatic data during the experiments were obtained from
the meteorological station of UNESP/FCAV (Figure 1)
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Figure 1. Data of maximum (Tmax) and minimum (Tmin) temperature in °C, and relative humidity (%) obtained
during the production of seedlings of Tecoma stans (L.) Juss. ex Kunth in the year 2018.

The evaluations were carried out when the seedling roots
began to appear at the lower end of the tubes, on 04/07/18
(autumn) and 05/12/18 (spring); to calculate the percentage
of emergence, the number of seedlings that developed
in each plot was noted, according to Labouriau (1983).
Subsequently, the following parameters were randomly
evaluated in five seedlings per plot: a) Length of the aerial
part, determined from the level of the substrate to the apex
of the last leaf, using a ruler in cm; b) Stem diameter in
mm, measured at the height of the seedling neck, using a
digital caliper; c) Counting the number of fully expanded
sheets; d) Leaf area, using an electronic leaf area meter
(Li-3100C, LI-COR®, Lincoln, Nebraska, USA); e) Dry
mass of the aerial part, in grams; f) Dry mass of the root
system, in grams; and g) Total dry mass in grams, obtained
by summing the dry mass of the aerial part and the dry
mass of the root system.

To determine the leaf arca and dry mass of the
aerial part and root system, the seedlings were removed
from the tubes and their roots were washed to remove
the substrate and, after washing, the seedlings were
sectioned using a scissors, separating the aerial part of
the root system. The leaf areca was read and then the aerial
part and roots were placed separately in paper bags and

placed to dry in an oven with forced air circulation, at
70 °C until reaching constant weight, being subsequently
weighed in precision scale (0.001g) (SHIMADZU®,
model AY220).

The collected data were subjected to analysis of
variance. For statistical analysis purposes, the emergence
percentage data were previously transformed into arcsine
(x/100)'2. The means, when significant, were compared
to each other using the Tukey test at 5% probability. It
was used the AgroEstat® statistical software (Barbosa and
Maldonado Junior, 2015).

Results and Discussion

For emergence percentages of Tecoma stans seedlings,
the interaction between time of year and substrates was
not significant. There was a significant difference between
the seasons of the year showing that the percentage
of emergence was higher in spring. There was also a
statistical difference between the substrates; SC1 and SC2
had higher means, not differing, however, from SC3 and
SC4. Emergence was lower in substrates considered inert,
showing that this species is nutrient-dependent in the initial
phase of seedling development (Table 2)

Table 2. Percentage of emergence (%) of seedlings of Tecoma stans (L.) Juss. ex Kunth produced in two seasons (autumn
and spring) and six substrates (SC1, SC2, SC3, SC4, sand and vermiculite)

Season
Autumn Spring
81.7b 89.2a
Substrates
SC1 SC2 SC3 SC4 Sand Vermiculite
92.5a 92.5a 88.8 ab 83.8 abc 75.0 ¢ 80.0 be

Means followed by the same letter on the line do not differ by Tukey’s test at 5% probability.
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The initial development time of the seedlings, from
sowing to the appearance of the roots at the lower end of the
tubes, was different in the two periods evaluated, with the
roots starting to appear in autumn at 70 days and in spring,
at 56 days after sowing. It should be noted that no statistical
analysis was performed for the period of appearance of the
roots and this was only demonstrative of the difference
between the times for the evaluation of the seedlings. It
is possible to infer, therefore, that 7. stans seedlings sown
in spring showed a higher percentage of emergence and
developed faster when compared to seedlings in autumn.

This difference can be explained by the fact that
temperature and humidity were higher in spring (Figure
1). On the other hand, at lower temperatures, there is a
decrease in the speed of imbibition and mobilization of
reserves, causing a significant decrease in the speed of
germination (Marcos-Filho, 2015). Similarly, seeds of
other tree species such as Caesalpinia pulcherrima (Araujo
Neto et al., 2014), Psidium friedrichsthalianum (O. Berg)
Nied. (Gentil et al., 2018), Albizia niopoides Benth. (Silva
et al., 2018) and Campomanesia guazumifolia (Cambess.)
O. Berg. (Souza et al., 2018), also germinated faster at
higher temperatures.

Furthermore, a good substrate must provide good
water retention to condition seed imbibition and aeration
for oxygen diffusion (Ferraz et al., 2018) because

SOWING TIME AND SUBSTRATE IN THE PRODUCTION OF IPE-MIRIM SEEDLINGS

excess moisture in the substrate promotes a decrease in
germination by providing less oxygen, making respiration
difficult and reducing metabolic processes (Sa et al., 2017),
which can affect the percentage of emerged seedlings.
However, it should be noted that each plant species has
a different water requirement for its growth in nurseries,
due to its morphological characteristics and adaptation
to environments (Dresch et al., 2016; Mota et al., 2017).
For the forest species Bauhinia scandens L., when the
mean emergence time was evaluated, the vermiculite
and commercial substrates provided a significant effect
in relation to the tested wetting, with a decrease in
the emergence time as there was an increase in water
availability (Jeromini et al., 2021). Thus, it is clear that
plants will respond differently to each growing condition,
especially with regard to growth, quality and metabolism
(Dresch et al., 2016).

For all qualitative characteristics evaluated (shoot
length, stem diameter, number of leaves, leaf area, shoot
dry mass, root and total dry mass) the interaction between
sowing time and substrates was significant. There was no
clear trend in relation to the season, since higher means
were observed in both autumn and spring for the different
characteristics (Table 3), showing that the sowing time
was not a factor that influenced the production of 7. stans
seedlings.

Table 3. Means of seedling characteristics of Tecoma stans (L.) Juss. ex Kunth produced in two seasons (autumn — O and

spring — P) and six commercial substrates.

SC1 SC2 SC3 SC4 Sand Vermiculite
Lenght of aerial part (cm)
(@) 6.13Aa 333Bb 5.57Aa 242Bc 1.50Bd 1.97 B cd
P 599Aa 390Ab 540Aa 3.10Ac 3.14Ac 2.55Ac¢
Stem diameter (mm)

o 2.07Aa 1.42 Abc 1.68 Ab 1.03 A de 0.82Be 1.13Acd

P 097Ba 1.16Ba 1.15Ba 1.09Aa 1.05Aa 0.88Ba
Number of leaves

o 6.05Aa 4.05Ab 6.50Aa 420Ab 245Bc 250Ac

P 5.67Aa 4.83 Aab 6.00Aa 3.42 Abc 3.84 Abc 2.67Ac

Leaf area (cm?)
o 10.59 B a 2.75Ab 11.60Aa 2.17Ab 0.65ADb 0.77Ab
P 13.53 Aa 4.43 Abc 7.15Bb 2.10Ac 287Ac 1.52Ac
Dry mass of aerial part (g)

(0) 0.103Aa 0.036 B¢ 0.068 Ab 0.019Bc 0.013Bc¢c 0.017Bc¢c

P 0.077B a 0.057 A abc 0.070 A ab 0.037Ac 0.049 A be 0.035Ac
Root dry mass (g)

o 0.094 A a 0.035 Abc 0.051 Ab 0.022Ac 0.014Bc 0.017Ac

P 0.063B a 0.041 A ab 0.034BDb 0.030A b 0.045 A ab 0.025Ab
Total dry mass (g)

o 0.197Aa 0.071 B¢ 0.121 Ab 0.041 B cd 0.027B d 0.034Bd

P 0.140Ba 0.098 A be 0.104 Ab 0.068 A cd 0.094 A bed 0.060Ad

Means followed by the same uppercase letter in the column and lowercase letter in the row do not differ by Tukey’s test at 5% probability.
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However, it should be noted that plants change their
morphology according to soil and climatic conditions, and
as there is an increase in solar radiation, the greater the rate
of emission and expansion of leaves and, consequently, the
greater the leaf area index, increasing the leaf efficiency
in converting photosynthetically active radiation into
phytomass (Schwerz et al., 2019).

Related to the substrates, it is observed that SCl1
was the one with the highest means for most of the
qualitative and quantitative characteristics and in the two
periods studied (Tables 2 and 3). The success of the SC1
substrate in relation to other potential substrates is due to
its formulation, as it contains Canadian peat, also known
as peat moss or sphagnum peat. The availability of water
in the substrate is a fundamental part of the processes of
root and leaf emission, as well as the transport of water
and nutrients via the xylem, providing conditions for the
production of photoassimilates necessary for the growth
and initial development of the seedling (Masiero et al.,
2019). The function of the substrate is to provide adequate
conditions for the development and growth of the plant root
system (Aimi et al., 2019)

T stans proved to be nutrient dependent both in the
initial phase of seedling emergence and in the subsequent
development of the seedlings, as the highest averages of
morphological characteristics were obtained in enriched
substrates, mainly SC1, and the lowest averages in sand
and vermiculite, substrates considered inert (Table 3). The
substrate composition can change emergence, initial growth
and the content of photosynthetic pigments, modifying the
capture of radiant energy and influencing the amount of
assimilates produced (Afonso et al., 2017).

In this regard, it is reported by Taiz et al. (2017)
that the N and Mg** are constituents of the chlorophyll
molecule, responsible for the photosynthesis that the plant
performs, as well as the production of photoassimilates,
thus favoring plant height growth, as well as acting
directly with the increase in leaf area. In this way,
plants that have a high concentration of chlorophyll are
potentially able to reach higher photosynthetic rates, and
consequently better adaptation during the field planting
phase (Afonso et al., 2017).

Furthermore, it can be seen that the seedlings produced
in the SC1 substrate made more efficient use of existing
nutrients and water, as there was a greater increase in
total dry mass, especially in the seedlings produced in
autumn (Table 3). The same fact was observed for the
species Plukenetia volubilis (Jeromini et al., 2018) and
Bauhinia scandens (Jeromini et al., 2021), in which the
use of nutritionally enriched commercial substrates were
responsible for the maximum development of the already
emerged seedlings.

The pH, electrical conductivity and physical
characteristics were not very different among the substrates
used (Table 1), except for the high density of the SC2
substrate (657.5 kg m). Substrate pH directly affects
nutrient mobility and availability (Pascual et al., 2018) and,
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when outside the ideal range for a species, it can be the
main determinant of seedling quality (Gabira et al., 2020).
Electrical conductivity, on the other hand, refers to an
indication of the concentration of salts in the solution and
provides a parameter for estimating the amount of nutrients
present in the substrates (Pégo et al., 2019) and, according
to Gabira et al. (2020), high values can negatively affect
plant root growth, significantly influencing seedling quality.

Aimi et al. (2019) emphasize that the physical condition
is important because the substrate must be porous, thus
avoiding the lack of oxygen, and water availability to
the roots. Sand presents high and vermiculite with low
density (Kampf, 2000), being verified for sand a density
of 1333 kg m™? and for vermiculite, 159 kg m? (Stumpf
et al., 1999). However, Fermino and Kampf (2012) report
that vermiculite is a widely used substrate because its
physical characteristics such as porosity, aeration and water
retention are favorable to root development. Garcia et al.
(2011) based on other literature, commented that the ideal
dry density for vegetable growing substrates is between
400 to 500 kg m™, therefore, this characteristic may have
been one of the reasons that affected the development of 7.
stans seedlings mostly in the sand, because the commercial
substrates, with the exception of SC2, presented density
values below the proposed in the literature.

High density materials, such as sand and soil, when
used alone or in large proportions in the formulation of
a substrate, become inconvenient due to their excessive
weight, which makes it difficult to handle the plants in
the containers, reducing the penetration and growth of
the plants roots (Costa et al., 2017). On the other hand,
the same authors report that low porosity materials can
cause root gas exchange, water movement and drainage
problems, negatively affecting root and plant development,
unlike mixtures of higher porosity, which can be beneficial
for aeration and promotion of root development. In this
sense, choosing the appropriate substrate is a key factor
when planting the crop, as its characteristics generally
differ greatly from those of the soil (Soldateli et al., 2020).

The water retention capacity of the SC1, SC2 and
SC3 substrates was equal to or above 60%, and the SCI
substrate, which presented the best performance in the
production of 7. stans seedlings, was 85%; these values
are much higher than those indicated by Verdonck et al.
(1981), who consider 50% of the substrate volume as the
most adequate; only the SC4 substrate presented values
close to this. Thus, this species showed that it is not directly
affected by this feature.

Conclusions

Tecoma stans seedlings showed a higher percentage
of emergence (89%) in the spring. Higher percentage of
emergence and vigor were obtained in the commercial
substrate one (SCI1 - peat, vermiculite, roasted rice husk,
calcined dolomitic limestone, NPK 14-16-18 fertilizer and
micronutrients).
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