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ABSTRACT

Aqueous smoke extract (ASE) is a low-cost alternative which shows high effectiveness in
optimizing seed germination. The objective of this study was to evaluate the effect of different
aqueous smoke extract doses on the germination of Solanum Ilycocarpum St. Hil. and
Solanum granulosoleprosum Dunal seeds. Two seed lots of S. granulosoleprosum were used,
collected in 2016 and in June 2019, both in the region of Lavras, Minas Gerais. S. lycocarpum
seeds were also collected in the Lavras region, in June 2019. The concentrations used for
germination were distilled water (control) and ASE diluted in water at the following ratios:
1:5, 1:10, 1:20, 1:40, and 1:80 (v/v). The plates containing the seeds were incubated in a BOD
chamber under alternating temperatures of 20 and 30 °C and a 12-hour photoperiod. The
experiments were conducted in a completely randomized design, with the data subjected to
analysis of variance and the means compared using Tukey’s test (p < 0.05). The experiment
with S. granulosoleprosum was conducted in a two-factor factorial design (2 storage times X
6 concentrations). S. [lycocarpum did not respond to the ASE treatments. S.
granulosoleprosum seeds collected in 2016 and stored showed higher germination and
germination speed index (GSI) compared to seeds collected in 2019 (not stored). The 1:5 and
1:20 dilutions significantly increased germination and GSI of S. granulosoleprosum seeds
(2019 lot). It is concluded that all treatments improved germination and GSI compared to the
control for S. granulosoleprosum seeds collected in 2019, whereas the treatments were not
effective for S. lycocarpum seeds.

Keywords: Smoked water, Seed vigor, Seed technology

How to cite:

Silva, P. S., Souza, A. N., Negreiros, M. L. de, Faria, J. M. R., & José, A. C. (2026). Effect of aqueous
smoke extract on the germination of Solanum lycocarpum St. Hil. and Solanum granulosoleprosum Dunal
(Solanaceae) seeds. Revista Arvore, 50(1). https://doi.org/10.53661/1806-9088202650264017

Revista Arvore 2026:50:¢5018
https://doi.org/10.53661/1806-9088202650264017


https://orcid.org/0000-0001-5244-2255
https://orcid.org/0009-0003-7023-6959
https://orcid.org/0000-0002-5487-5190
https://orcid.org/0000-0003-0365-2787
https://orcid.org/0000-0002-5642-8001

Effect of aqueous smoke extract on...
Silva et al., 2026

EFEITO DO EXTRATO
AQUOSO DE FUMACA NA

GERMINACAO DE
SEMENTES DE Solanum
;ycocarpum ST. HIL. E
Sola

num granulosoleprosum
DUNAL (SOLANACEAE)

RESUMO O extrato aquoso de fumaca
(EAF) ¢ uma alternativa de baixo custo que
apresenta elevada eficacia na otimizacao da
germinacdo de sementes. O objetivo deste
estudo foi avaliar o efeito de diferentes doses
de extrato aquoso de fumaga sobre a
germinacdo de sementes de Solanum
lycocarpum St. Hil. e  Solanum
granulosoleprosum Dunal. Foram utilizados
dois lotes de  sementes de @ S.
granulosoleprosum, coletado em 2016 e em
junho de 2019, ambos na regido de Lavras,
Minas Gerais. As sementes de S. lycocarpum
foram coletadas também na regido de Lavras,
em junho de 2019. Os tratamentos utilizados
para a germinacdo foram d4gua destilada
(controle) e EAF diluido em 4gua nas
seguintes proporgoes: 1:5, 1:10, 1:20, 1:40 e
1:80 (v/v). As placas contendo as sementes
foram incubadas em BOD, sob temperaturas
alternadas de 20 e 30 °C e fotoperiodo de 12
horas. Os experimentos foram conduzidos
em delineamento inteiramente casualizado,
com os dados submetidos a analise de
variancia e as médias comparadas pelo teste
de Tukey (p < 0,05). O experimento com S.
granulosoleprosum  foi  conduzido em
esquema fatorial duplo (2 tempos de
armazenamento X 6 concentragdes). S.
lycocarpum ndo apresentou resposta aos
tratamentos com EAF. As sementes de S.
granulosoleprosum coletadas em 2016 e
armazenadas apresentaram maior germinagao
e indice de velocidade de germinagdo (IVG)
em comparacdo as sementes coletadas em
2019 (nao armazenadas). As diluigdes 1:5 e
1:20 aumentaram significativamente a
germinagdo e o IVG das sementes de S.
granulosoleprosum (lote de 2019). Conclui-
se que todos os tratamentos melhoraram a
germinacdo ¢ o IVG em comparacdo ao
controle para as sementes de S.
granulosoleprosum  coletadas em 2019,
enquanto para as sementes de S. lycocarpum
os tratamentos nao foram eficientes.

Palavras-Chave: Fumaga liquida, Vigor de
sementes, Tecnologia de sementes

1. INTRODUCTION

The Solanaceae family is recognized
worldwide for its importance in vegetable
cultivation and its wide range of agronomic
uses (Mueller et al., 2005). The genus
Solanum L. stands out as the largest and most
diverse ~ within  this  family,  with
approximately 1,500 species and 5,000
epipeta distributed throughout tropical and
subtropical regions of the world, with South
America as the center of its diversity and
distribution (Silva, 2003).

Among the species in this genus,
Solanum lycocarpum St. Hil., popularly
known as "lobeira", is a tree or shrub widely
distributed in Brazil, predominantly in the
Cerrado (Mamede et al., 2019). Another
important species is Solanum
granulosoleprosum  Dunal, known as
"gravitinga", which occurs in the Southeast
and South regions of Brazil, as well as
Paraguay, Uruguay, and Argentina, and has
great potential for use in degraded area
restoration programs (Dai et al., 2022).

Both S lycocarpum  and  S.
granulosoleprosum have been widely used in
ecological restoration initiatives, as they are
pioneer species and produce fruits that are
attractive to wildlife, which promotes natural
regeneration. However, the slow and uneven
germination of their seeds wunder field
conditions poses a barrier to large-scale
seedling production (Silveira et al., 2019).

In this context, various alternatives are
being investigated to overcome these
limitations. Among them, the use of aqueous
smoke extract stands out, which has shown
positive  results in  several  species
(Sreekissoon et al., 2021; Pandey et al,
2024), promoting significant improvements
in germination quality and seedling vigor.
This treatment helps increase the germination
rate, speed, and uniformity of seeds
previously considered difficult to propagate.
Furthermore, it is an economically viable and
operationally applicable technique, as it is
derived from widely available natural
products (Igbal et al., 2017).

Aqueous smoke extract can be defined
as “a product resulting from the passage of
smoke expelled during the burning of plant
material at relatively high temperatures
through a container containing water, which,
after the smoke is dissolved, contains more
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than 200 chemical components” (Moyo et al.,
2022). “Karrikins” are considered the most
promising among these compounds for
promoting seed germination, as they affect
gibberellin pathways and have similar or
greater effects than those of gibberellic acid
(GA3) (Merritt et al., 2006; Daws et al.,
2007). However, it is important to emphasize
that responses may vary depending on the
concentration applied and the species
evaluated.

Therefore, this study aimed to evaluate
the effect of different aqueous smoke extract
concentrations on the germination of S.
lycocarpum and S. granulosoleprosum seeds.

2. MATERIAL AND METHODS

The experiments were conducted in
2019 at the Laboratory of Forest Seeds of the
Federal University of Lavras. Plots of two
shrub species of the Solanaceae family were
used: S. lycocarpum and S.
granulosoleprosum.

First, one seed lot for the experiment
with S. granulosoleprosum was collected in
2016, and another was collected in June 2019
in the region of Lavras, Minas Gerais. The
seeds were collected from ripe fruits, where
fruits that started to drop spontaneously and
were soft to the touch were considered ripe.
S. lycocarpum seeds were collected in the
region of Lavras in June 2019. Fruits which
were already dispersed in the soil were
collected as recommended by Pinto et al.
(2007).

After collection, the fruits were
immediately taken to the laboratory, opened
with a knife to remove the pulp containing
the seeds and placed on a sieve. Maceration
was performed under running water until
pulp removal. The processed seeds were
placed on blotting paper in an acclimatized
room (20°C/65% RH) for drying. The S.
granulosoleprosum seeds collected in 2016
were stored in a cold chamber (7.0°C; 35%
RH) in hermetic packaging until use, while
the S. granulosoleprosum seeds collected in
2019 and the S. lycocarpum seeds collected
in 2019 were not stored, being used
immediately in the tests.

Smoke extract was obtained through gas
condensation from carbonizing Eucalyptus
grandis W. Hill leaves and branches. A total
of 200g of plant was used, which was placed

in a metal container with hoses attached to a
bottle containing 1 liter of distilled water.
After combustion began, the smoke was
forcedly pumped through a manual pump to
propel the combustion gases to the bottom of
the flask with distilled water until all the
contents were consumed by fire. The vials
containing the aqueous smoke extracts were
closed and stored at 10°C in the dark until
use.

The working solutions were prepared
from the crude extract obtained and diluted in
distilled water at the following proportions
(volume/volume): 1:5, 1:10, 1:20, 1:40 and
1:80. Distilled water was used as a control.
After the appropriate dilutions of the crude
extract, pH measurements were performed
using a pH meter, and the pH at all obtained
concentrations ranged from 6.6 to 7.1.

The seeds were immersed in 1% sodium
hypochlorite solution for five minutes before
the tests were mounted. After this treatment,
the seeds were immediately washed in
running water.

Next, 5 replicates of 25 seeds were used
per treatment in the germination tests.
Germination was performed in Petri dishes
with a diameter of 9 cm on two sheets of
germination paper soaked in aqueous smoke
extract solutions at different dilutions. The
total solution initially added to each plate was
2 mL, which was replaced whenever
necessary to keep the paper moist.

The plates with seeds were incubated in
a BOD germination chamber under
alternating temperatures of 20 and 30°C, with
each temperature maintained for 12 hours.
The 30°C period was associated with light,
while the 20°C period was maintained in the
dark, resulting in a 12-hour photoperiod
(Pinto et al, 2007). Germination was
evaluated daily using root protrusion (2 mm)
as a criterion. Counts were performed up to
40 days after imbibition. At the end of this
period, the normal seedlings, abnormal
seedlings, dead seeds and hard seeds were
counted. The final germination percentage
was determined from these data and the
germination speed index (GSI), according to
the formula described by Maguire (1962).

In turn, 10 seedlings were randomly
selected from each replicate at the end of the
germination test to evaluate the root lengths.
The seedlings were photographed, and
measurements were performed using Imagel
software.
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The experiments were conducted in
accordance with a completely randomized
design (DIC). The data were initially
subjected to assumption analysis, with the
normality of the residuals being verified by
the Shapiro-Wilk test (p > 0.05) and the
homogeneity of variances by the Levene test
(p > 0.05). Once the assumptions were met,
analysis of wvariance (ANOVA) was
performed, and the means were compared in
case of significance (p < 0.05) by the Tukey
test at 5% probability. The experiment with
S. granulosoleprosum was conducted in a
double factorial manner (2 lots x 6
concentrations).  The  analyses  were
performed using R software for Windows
(Pinheiro et al., 2018).

3. RESULTS
The influence of the aqueous smoke
extract concentration on the germination
profiles of the studied species was observed
(Figure 1). All the treatments with aqueous
smoke extract presented similar results for S.

lycocarpum, which indicated the low
influence of these treatments on the seeds of
this species. However, better results were
observed in S. granulosoleprosum seeds after
treatment with aqueous smoke extract. Seeds
germinated in water (control) had markedly
lower germination rates compared with those

germinated in aqueous smoke extract
solutions.

There was no difference in seed
germination between the seeds that

underwent storage (collected in 2016) at
different aqueous smoke extract
concentrations; however, the treatments had a
positive effect on germination compared with
the control (water). On the other hand, all the
smoke  extract treatments  positively
influenced  the  germination of S
granulosoleprosum seeds collected in 2019
(not stored) (Figure 1C).

In turn, there was no significant
difference between treatments for S.
lycocarpum seeds. Germination percentage,
germination speed index (GSI), and root

Cont...
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Figure 1. Accumulated germination in (A) S. lycocarpum and S. granulosoleprosum seeds collected
in 2016 (B) (stored in cold storage) and 2019 (C) not stored

Figura 1. Germinagdo acumulada de sementes de S. lycocarpum (A) e S. granulosoleprosum
coletadas em 2016 (B) (armazenadas em camara fria) e em 2019 (C) (n2o armazenadas)
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length were analyzed separately. The mean
final germination for this species was 72.9 +
8.9%, GSI was 0.92 + 0.12, and root length
was 3.41 + 0.48 cm (Figure 2).

A significant interaction between the
factors was observed in the 2016 lot and the
2019 lot with the tested concentrations for S.

granulosoleprosum, highlighting the positive
effect of smoke extract application during
germination (Figure 3). Smoke extract was
effective in increasing germination potential
compared to seeds germinated in water alone
for both the stored and freshly harvested lots.

Approximately zero germination was

Cont...
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Figure 2. (A) Germination percentage, (B) germination speed index (GSI) and (C) length of S.
lycocarpum roots, 40 days after imbibition. The same letters indicate no significant differences
according to Tukey’s test (p<<0.05). The bars represent the standard error of the mean

Figura 2. Porcentagem de germinacdao (A), indice de velocidade de germinacdo (IVG) (B) e
comprimento de raizes de S. lycocarpum (C), 40 dias apds a embebigdo. Letras iguais indicam
auséncia de diferenca significativa de acordo com o teste de Tukey (p<0,05). As barras representam o
erro padrao da média

Cont...
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Figure 3. (A) Germination percentage, (B) germination speed index (GSI) and (C) root length, 40
days after imbibition of S. granulosoleprosum seeds collected in 2016 and stored in cold room and
unstored seeds collected in 2019. Different lowercase letters indicate a significant difference
according to Tukey’s test (p<0.05) within each extract dilution. Different capital letters indicate a
significant difference according to Tukey’s test (p<0.05) between concentrations at each collection
period. The bars represent the standard error of the mean

Figura 3. Porcentagem de germinagdo (A), indice de velocidade de germinagdo (IVG) (B) e
comprimento de raizes (C), 40 dias apés a embebicao de sementes de S. granulosoleprosum coletadas
em 2016 e armazenadas em camara fria, e sementes ndo armazenadas coletadas em 2019. Letras
minusculas diferentes indicam diferencga significativa de acordo com o teste de Tukey (p<0,05) dentro
de cada diluicdo do extrato. Letras maiusculas diferentes indicam diferenca significativa de acordo
com o teste de Tukey (p<0,05) entre concentragdes em cada periodo de coleta. As barras representam
o erro padrao da média
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detected among the  untreated S
granulosoleprosum seeds collected in 2019
(control), while germination values close to
80% were obtained in the treatment in which
the extract was diluted 1/5. It was possible to
observe that the treatments at concentrations
of 1/5 and 1/20 had significantly better
results in the lot collected in 2019 (p <0.05)
for both germination and GSI. The 1/40 and
1/80 treatments did not differ from each
other, and all the treatments were superior to
the germination of seeds in water.

The stored S. granulosoleprosum seed
lot (2016) showed higher germination than
the lot collected in 2019 (not stored) at
concentrations of 1/5, 1/10, 1/20, 1/40, 1/80
and water (control).

Finally, S. granulosoleprosum seeds
collected in 2016 showed greater root length,
with a mean of 444 cm, differing
significantly from the 2019 seed lot which
presented a mean of 1.30 cm (p < 0.05).
When comparing the years within each
concentration, the 2016 seed lot showed

superior performance across all tested
dilutions. However, no significant differences
were observed among the evaluated

concentrations within each collection year,
indicating that the extract dilutions did not
influence root length.

4. DISCUSSION

Seed germination is one of the most
important stages of the plant life cycle. This
process determines the establishment and
development success of a plant. In this
context, pre-germination treatments capable
of promoting faster and more uniform
germination in forest species have become
increasingly relevant, given their application
in landscaping, commercial cultivation, and
especially in programs for the recovery of
degraded areas. This is because although
natural regeneration plays a fundamental role
in maintaining ecosystems, this process may
not be sufficient to restore biodiversity in
severely impacted areas (Ribeiro et al.,
2025), making the use of complementary
techniques indispensable to support the
restoration and conservation of native
vegetation.

In the present study, the physiological
responses of S.  [lycocarpum and S.
granulosoleprosum  seeds to  different
aqueous smoke extract concentrations were

investigated via germination, GSI and root
length measurements. Aqueous smoke extract
diluted in water can be considered a natural
stimulant for seed germination in many
species that occur in ecosystems with
naturally occurring fires (Light et al., 2009).
This response can be attributed to the
occurrence of butenolide, a low molecular
weight organic compound, identified in the
extract (Van Staden et al., 2004).

Both species in this study were found to
occur in places with regular or low
occurrence of fire. The occurrence of fires
leads to significant differences in the natural
regeneration, composition, structure, and
functional diversity patterns of vegetation
(Aragjo et al., 2025). However, the species
differed regarding germination performance
in their response to the application of
aqueous smoke extract. The compost content
in S. lycocarpum did not differ among the
treatments, while the germination potential in
S. granulosoleprosum increased at certain
concentrations.

Different responses to treatment with
aqueous smoke extract are common in the
literature, even for species of the same family
(Brown, 1993). Differences within the
species could be observed, depending on the
difference in dormancy between the seed lots.
Among the 18 woody species analyzed in
Chile, only three (Acacia caven, Baccharis
vernalis and Trevoa quinquenervia) exhibited
improved germination after applying the
extract (Gomez-Gonzalez et al., 2008).

Positive responses to the aqueous smoke
extract were shown in the germination
patterns of five Amazonian tree species
which do not suffer fires regularly in their
natural habitats. The species that had seed
lots with low vigor or long germination
periods showed a better response to the
treatment (Ferraz et al., 2013). Aqueous
smoke extract and ash treatments were
effective for five of the 12 tree species that
occur in areas with frequent fires in Mexico
(Zuloaga-Aguilar et al., 2011). King &
Menges (2018) reported that seed treatment

with this extract significantly increased
germination success in three studied species
(Chrysopsis ~ highlandsensis,  Eryngium
cuneifolium and Lechea cernua).

The treatment did not efficiently
increase  the  germination  percentage,
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germination speed or seedling growth of S.
lycocarpum seeds in the present study, which
differed from the responses observed for S.
granulosoleprosum seeds. The occurrence of
physiological dormancy in these species may
be the possible cause of the variations in the
results. Stored S. granulosoleprosum seeds
may have gone through a process of abscisic
acid degradation, reducing their dormancy
related to the newly collected lot.

The S. granulosoleprosum lots exhibited
different behaviors during germination. The
stored lot generally presented a greater
germination percentage than the freshly
collected lot (p<0.05), which may indicate a
reduction in dormancy due to storage.
Storage is directly related to seed lot viability
(Vicente et al., 2016; Jesus et al., 2018).
Orthodox seeds with physiological dormancy
often exhibit an increase in germination after
a certain storage period (Grzybowski et al.,
2019). Breaking dormancy due to cold
stratification is one of the most commonly
used methods for removing nutrients from
seeds of temperate climate species, and the
same process can occur during storage under
conditions of low temperature and humidity
(Oba et al., 2017). It was observed that the
stored S. granulosoleprosum seeds showed
superior germination at a concentration of
1/10, 1/20, 1/40, 1/80 and water. However, it
should be considered that the lots were
collected in different years, so factors
associated with the environmental conditions
of seed production and the intrinsic
physiological differences between the lots
may have contributed to the observed
responses, and it is not possible to attribute
the effects exclusively to storage (Pirredda et
al., 2024).

In turn, the highest concentration (1/5)
of the extract was generally more effective in
S. granulosoleprosum seeds than the other
concentrations at promoting seed
germination. Daws et al. (2007) observed a
positive effect on the germination percentage
compared to the control for at least 18
species of African herb; however, they also
found a negative effect for two species.

This increase in germination was
possibly due to the interaction between the
butenoloid and gibberellin pathways. It is
known that this compound has a similar
effect on germination as GA3 in Australian

Asteraceac (Van Staden et al.,, 2000;
Sreekissoon et al., 2021). Butenoloids may
be more effective at promoting seed
germination than GA3 application, as they do
not cause elongation or etiolation; these
effects are typically associated with GA3
(Daws et al., 2008).

The application of the aqueous smoke
extract did not produce phytotoxic effects on
the seeds of the studied species. A similar
finding was found by Guerreiro et al. (2012),
who found no toxicity of this compound
when applied to tomato seedlings. Therefore,
it is possible to conclude that application of
the aqueous smoke extract at the tested
concentrations did not have negative effects
on S. lycocarpum or S. granulosoleprosum
seeds, and also had positive effects on S.
granulosoleprosum seeds.

The results reinforce the need for further
research to understand the mechanisms
involved in the action of aqueous smoke
extract on the species studied at the
physiological and biochemical levels. Future
studies should seek to identify which
metabolic pathways and enzyme systems are
modulated by this treatment during the
germination  process,  expanding  our
understanding of its role and enabling more
targeted application of this technique in
seedling  production  and  ecological
restoration programs.

5. CONCLUSION
It is possible to conclude that S.

lycocarpum seeds treated with aqueous
smoke extract had no response to
germination or early seedling growth

compared to those treated with water alone.
S. granulosoleprosum seeds showed an
increase in germination and GSI when
treated with aqueous smoke extract.
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