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Ethanol test as a determinant of physiological potential of
forest species seeds: The case of Plathymenia reticulata
Benth. (Leguminosae—-Mimosoideae), a tree of interest for
Atlantic Forest restoration
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ABSTRACT: The ethanol test supplies information on physiological problems related to
seed deterioration. The test optimization is crucial for its application in the seed analysis
routine. This study aimed to evaluate vigor test for Plathymenia reticulata seeds based on
ethanol production in order to establish execution guidelines and verify its relationship with
other seed vigor tests. Seed lots were subjected to germination and vigor tests, and seed
coat evaluation. Ethanol production assessment was carried out based on two trials testing
water volumes for imbibition (0.25; 0.5; 0.75; 1.00; and 1.25 mL), reading periods (2, 4, 6,
8, 24, and 48 h), and seed quantities (5, 10, and 15). There was a distinction in physiological
potential between the lots, indicated by the ethanol test and other traditionally used tests.
The ethanol test was efficient for vigor assessment in Plathymenia seeds, as were the
other vigor tests, when conducted with 15 seeds imbibed in a volume of water 2.5 times
their mass for 48 h. The vigor test based on ethanol production proved reliable and it is
recommended for use in a system of seed production and commercialization in nurseries
and forestry companies.

Index terms: ethylometer, germination, Plathymenia reticulata, statistical modeling.

RESUMO: O teste do etanol fornece informagGes sobre problemas fisiolégicos relacionados
a deterioracdo das sementes. A otimizagdo do teste é fundamental para sua aplicacdo
na rotina de analise de sementes. O objetivo foi avaliar o teste de vigor de sementes de
Plathymenia reticulata com base na producdo de etanol, a fim de estabelecer diretrizes de
execucgao e relagdes com outros testes de vigor. Os lotes de sementes foram submetidos
aos testes de germinagdo e vigor e avaliagdo do tegumento das sementes. A avaliagdo da
producdo de etanol foi realizada com base em dois ensaios testando volumes de agua para
embebigdo (0,25; 0,5; 0,75; 1,00; e 1,25 mL), periodos de leitura (2, 4, 6, 8, 24 e 48 h) e
guantidades de sementes (5, 10 e 15). O teste do etanol foi eficiente para avaliagdo do vigor
em sementes de P. reticulata, assim como os demais testes de vigor, quando realizados com
15 sementes embebidas em volume de dgua 2,5 vezes sua massa por 48 h. O teste de vigor
baseado na producao de etanol mostrou-se confidvel e é recomendado para uso em sistema
de produgdo e comercializagdo de sementes em viveiros e empresas florestais.

Termos para indexagdo: etilometro, germinagdo, Plathymenia reticulata, modelagem
estatistica.
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INTRODUCTION

The Atlantic Forest is an important tropical biome that is vital to Brazil from an environmental, social, and economic
perspective. Recognized as one of 25 biodiversity hotspots present on the planet (Esser et al., 2019), due to the intensity
of exploitation, urbanization and broadening of agricultural frontiers, a large area of its forest cover has been reduced
and fragmented. Thus, currently, forest restoration efforts are considered paramount for the conservation of Atlantic
Forest and alignment of Brazil with global agendas for the reduction of greenhouse gases (Londe et al., 2021).

Within the context of restoration, the propagation of native forest species plays a significant role in the efficiency
of initiatives directed at reestablishing the intended ecological dynamics through restoration (Cornelius and Miccolis,
2018; Conceicdo et al., 2019). Most of the native trees are almost exclusively propagated through seeds; therefore, the
deployment of plantations requires special attention to the genetic and physiological quality of seeds that will give rise
to seedlings aimed at restoration.

The main component of a seed quality control program is the evaluation of physiological quality since, besides
estimating the performance of seeds in the field, it provides information that identifies and solves problems during the
production process (Ebone et al., 2019). Thus, vigor testing can supply sensitive indices for the broad characterization
of physiological quality to complement information from the germination test (Virgens et al., 2019).

In seed quality control programs, quick reliable tests are considered indispensable for assessing seed quality and
have become the target of attention of technologists, seed producers, and researchers who need to forecast seed
performance (Kodde et al., 2012). The first in the sequence of events during seed deterioration is degradation of the
mitochondrial membrane. Therefore, the ideal vigor test should be able to identify reduced seed vigor in the first
stages, detecting subtle changes between lots (Barbosa et al., 2021).

A vigor test based on loss of mitochondrial membrane integrity is the ethanol test, which supplies important
information on physiological problems related to deterioration, given that more deteriorated seeds produce more
ethanol than less deteriorated seeds (Buckley and Buckley, 2009). This test has demonstrated as a promising method
compatible with other vigor tests on cabbage (Kodde et al., 2012), malted barley (Buckley et al., 2016), corn (Onwimol
etal., 2019), melon (Ornellas et al., 2020), red rice (Barbosa et al., 2021), watermelon, pepper, and radish (Kucukhuseyin
et al., 2021). Optimization of ethanol analysis protocols may be an efficient alternative to determine the physiological
potential of seeds. The procedures are relatively simple, quick, and cost-effective, and can be reproduced.

The use of a test with such characteristics may contribute to the advance of seed technology, which is especially
interesting in the growing but small sector of seedlings and seeds of native forest species. In light of the above, the
present study aimed to establish guidelines for vigor testing based on ethanol production and evaluate its efficiency. The
biological model used in the present study was Plathymenia reticulata Benth., a native tree of two Brazilian biodiversity
hotspots, namely the Atlantic Forest and the Cerrado. This species is widely employed in cabruca-cocoa agroforestry
systems, in commercial planting initiatives, and mainly in forest restoration and it is considered strategic from the
ecological and economic standpoint.

MATERIAL AND METHODS

Obtaining lots with different levels of vigor

Plathymenia reticulata seeds were obtained from collected fruits that were not yet ripe, in 12 matrices, marked by
the Floresta Viva Institute, in the municipality of Uruguca, Bahia, Brazil (14° 27’ 46,5” S and 39° 02’ 42,7” O). The seeds
were processed by extracting them from the legume and the surrounding membrane.

To obtain lots with different levels of vigor, which were necessary to test the sensitivity of the ethanol test, the
seeds were subjected to artificial aging. In this process, they were homogenized in a single lot and manually divided
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into four portions. Three of the portions were subsequently placed in transparent plastic boxes on a coupled aluminum
screen (11.0x11.0x3.0 cm), with 40 mL of water at the end and stored in a forced-air system oven at 42 °C for 24, 48,
and 72 h, respectively. A control sample was maintained without aging. The samples were denominated lot 1, which
was not aged; lot 2, aged for 24 h; lot 3, aged for 48 h; and lot 4, aged for 72 h.

Scanning electron microscope

After obtaining the lots, anatomic analysis of the seeds was carried out at the level of seed integument structure
using a scanning electron microscope to verify the effect of the different aging treatments for the reduction of vigor
and the formation of lots. Transverse cuts were made in the median region of the seed surrounding the area of the
hilum using a steel blade. The obtained material was covered with gold using a Bal-Tec sputter coater, model SCD-050,
without prior fixation and dehydration, as it presented as dry.

Thicknesses of the cuticle thickness (CT), palisade thickness (PT), and hourglass thickness (HT) were measured in
the seeds of all the lots using image processing software of the scanning electron microscope (SEM - FEI Company,
model Quanta 250) and the values were recorded in pm.

Subsequently, moisture content was determined, and the physiological quality was evaluated for each seed lot as
per the processes described below.

Moisture content (MC): it was obtained using the oven-dry method at 105 °C for 24 h (Brasil, 2009). The results
were expressed as a percentage (on wet basis) for each lot.

Germinationtest (GT):in conformity with the Instructions for Forest Seed Testing (Brasil, 2013), inthe germination test,
four sub samples of 25 seeds per lot were used. The seeds were distributed on germination paper imbibed in distilled
water at a proportion of 2.5 times the weight of dry paper, and placed in a germination chamber at 25 °C, without
controlling the photoperiod, which occurred according to the length of the day. Counts were carried out on the fifth
and sixteenth days after sowing. The results were expressed as percentage of normal seedlings, calculating first count
and final germination values.

Germination speed index (GSl): it was determined based on the daily germination count and calculated using
equation 1, where Gn is the number of germinated seeds on the nth day and N is the number of days after sowing
(Maguire, 1962).

Seedling emergence in the greenhouse (SE): four replications of 25 seeds for each lot were planted on polyethylene
trays using MaxFertil substrate, produced with composted Pinus sp. shell, exfoliated vermiculite, and basis fertilizer.
Daily irrigation was carried out by supplying water until reaching substrate retention capacity. Assessment was
conducted on the seventh and sixteenth day after assembling the test, considering seedlings with primary leaf edges
that no longer touched as emerged. The results were expressed as a percentage.

Electrical conductivity (EC): four replications of 25 seeds per lot were weighed on scales accurate to 0.001 g, and
imbibed in 100 mL disposable cups containing 75 mL of deionized water at 25 °C for 24 h. After the imbibing period
and uniformization of the electrolytes leached into the solution, electrical conductivity of the solution was determined
through reading on a conductivity meter and the results were expressed in uS.cm™.g* (Baalbaki et al., 2009).

Evaluation of ethanol production (EE): two trials were carried out with four replications per lot. The seeds were
placed in 30 mL glass vials, and the quantity of water established as being sufficient for metabolism activation was added
to each trial. The vials were closed with a rubber lid and metal seals using a manual flip off crimper and maintained at
40 °C for different periods according to the trial (Buckley and Huang, 2011).

In trial I, 10 seeds were used with five volumes of water for imbibition (0.25; 0.5; 0.75; 1.0; and 1.25 mL) and six
reading periods (2, 4, 6, 8, 24, and 48 h). In trial Il, three quantities of seeds (5, 10, and 15) were used with a volume of
water for imbibition proportional to 2.5 times the weight of the seeds, for the same six reading periods.

The ethanol concentration in the vial was measured in the pre-established periods with a DragerAlcotest® 6810
modified ethylometer, with a coupled metallic needle, which is operated through a suction mechanism of one gas
aliquot from the interior of the vial, expressed in pg.L™.
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Statistical analysis

Statistical modeling was carried out to identify the ethanol prediction as a result of the tested factors (seed quantity,
volume of water for imbibition, and reading periods), adjusted with gamma distribution and identity function. Two
models were formulated and differentiated in the fraction of the explicative variables component; one model with
factor interaction (model 1) and the other without interaction (model 2). The fit of the models was verified using the
Akaike information criterion (AIC) (Akaike, 1974).

To evaluate the seed lots, grouping analysis was conducted using the Euclidian measure of dissimilarity and Ward'’s
method of hierarchical clustering. The group number was defined using the Pseudo t2 index. A heat map was associated
with the cluster analysis, in which purple, green, and white, respectively, indicate values above, below, and similar to
the mean and color intensity matches the magnitude of comparison. Subsequently, the percentage contribution of
each variable was estimated to form groups using the method of Singh (1981). All statistical analyses were performed
on R (R Core Team, 2019).

RESULTS AND DISCUSSION

The artificial aging imposed on the lots resulted in anatomical alteration of the seeds (Figure 1). There was reduction
of a cuticle or similar structure is located on the out surface of the seed coat from lots 3 and 4 (Table 1), which were
subjected to aging for 48 and 72 h, respectively. The seeds moisture content (Table 1) increased proportionally to the
amount of time they remained in humid conditions, resulting in an increase of 15.3 percentage points between the
unaged lot (seed lot — 1) and the seeds subjected to 72 h of aging (seed lot — 4).

Cluster analysis with heat map (Figure 2) resulted in the formation of two groups, namely group 1 composed of seed
lot— 1 and seed lot — 2 and group 2 composed of seed lot —4 and seed lot — 3. The contrast pattern between the groups
on the heat map is visually clear between the seed lots for most variables, with different color intensities within each
group. Moreover, the lots are associated with different variables according to their standard of physiological potential
and a general reduction in vigor was observed in the direction of the lots with longer aging time. Group 1 presented
better results for electrical conductivity (EC), moisture content (MC), germination speed index (GSl), first germination
count (FGC), germination percentage (GP), seedling emergence (SE), cuticle thickness (CT), and palisade thickness (PT)
in comparison to group 2. The electrical conductivity (EC) tests detected a progressive increase in electrolyte leaching
according to the period in which the seeds were maintained under the stressful conditions inherent to accelerated aging.
In relation to the set of variables, two groups were also formed, with group | made up of electrical conductivity (EC),
moisture content (MC), and hourglass thickness (HT) and group Il consisting of the remaining variables (Figure 2).

Analysis of the Singh contribution revealed that the variables of first germination count (FGC) (40.35%), electrical
conductivity (EC) (35.29%), moisture content (MC) (10.01 %), and seedling emergence (SE) (9.48%) presented greater
lot discrimination power when compared to germination speed index (GSI) (2.47%), germination percentage (GP)
(1.18%), cuticle thickness (CT) (0.85%), palisade thickness (PT) (0.35%) and hourglass thickness (HT) (0.02%) (Figure 3).

For evaluation of ethanol production (Trial 1), the imbibition volume and reading period were significant factors in the
proposed models (with and without interaction). However, the lower AIC value of model 2 (without interaction between
the factors) qualifies it as more adequate for explaining the behavior of the ethanol response variable (Table 2).

When comparing significance among the reading periods, only the 48-h period was significant (Table 3), whereas
all the levels among the volume factor were significant except 0.25 mL. Thus, the factors that were not statistically
significant to the model were removed from the analysis and only the factors and their respective levels relevant
(significant) for elucidation of the selected model were considered.

Plathymenia seeds produce ethanol in an anaerobic environment, whereby emission increased with the imbibition
volume and the reading period, and was null for the 8 h period, regardless of the vigor level of the lot and imbibition
volume, as well as for lot 1 at a volume below 1.0 mL.
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Figure 1. Scanning electron microscopy the integument of four Plathymenia seed lots. A: lot 1, B: lot 2, C: lot 3, and
D: lot 4. Notes in yellow indicate the measurements of the layers of the cuticle (external), palisade cells
(intermediate), and hourglass cells (internal).

Table 1. Anatomical characterization (thicknesses of the cuticle thickness (CT), palisade thickness (PT), and hourglass
thickness (HT)) and moisture content (MC) for the four Plathymenia seed lots.

Lots CcT PT HT MC
pum %

1 15.12 33.51 6.75 21.2

2 16.55 32.43 7.26 26.9

3 13.81 30.50 6.88 32.9

4 11.92 32.58 7.26 36.5
CV (%) 13.7 3.9 3.7 -

The ethanol quantity produced by the seeds depends on the vigor level. In lot 4, production increased sharply (795.0
ug.L) when compared to lots 1, 2, and 3, which, in the same period (48 h) and at the same volume (1.25 mL), presented
emissions of 17.0 yg.L?, 95.0 pg.L?, and 130.0 pg.L?, respectively. The same pattern occurred for the other volumes,
although lots 1 and 4 showed a greater contrast and lots 2 and 3 were the most similar to each other (Figure 4).

For the second trial (Trial Il), the tested factors (number of seeds and reading period) were significant in the
proposed models. The interaction between them was significant (model 1). The lowest AIC value was also obtained in
model 1 (Table 4), with an agreement between the Deviance criterion and the Akaike information criterion, that is, that
function with less deviation also had the lowest AIC value, which facilitated selection of the most parsimonious model
for evaluating the physiological quality of Plathymenia seeds.
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Figure 2. Heatmap grouping with physiological characterization for four batches of P. reticulata seeds according to
Electrical conductivity (EC); Moisture content (MC); Hourglass thickness (HT); Germination speed index (GSl);
First germination count (FGC); Germination percentage (GP); Seedling emergence (SE); Cuticle thickness (CT);
Palisade thickness (PT).

Figure 3. Relative contribution (Singh, 1981) of variables to divergence between seed lots. First germination count
(FGC); Electrical conductivity (EC); Moisture content (MC); Seedling emergence (SE); Germination speed index
(GSl); Germination percentage (GP); Cuticle thickness (CT); Palisade thickness (PT); Hourglass thickness (HT).
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Table 2. Deviation analysis (ANODEV) for ethanol emission of Plathymenia seeds with two factors, modeled with
interaction (model 1) and without interaction (model 2).

FV DF Difference DF ___Model 1 ___Model 2
Deviance F Deviance F
Null 0 28 39.36 39.36
Volume 4 24 4,99 5.52* 4,99 3.37*
Period 1 23 24.47 108.36* 24.47 66.15*
Interaction 4 19 3.94 4.36* -
AlIC 350.50 347.70

DF: Degree of freedom; F: Statistic of the Snedecor test; *p < 0.05.

Table 3. Estimates of coefficients, standard error of estimate and t-test value of all factors for Model 2 (no interaction).

Coefficient Estimate error Valor-t

Intercepto 58.40 24.80 2.35%*

Vol (0.5mL) -1.26 32.28 0.03

Vol (0.75mL) -38.62 25.74 -1.50

Vol (1.0mL) -25.97 27.25 -0.95

Vol (1.25mL) 22.04 37.18 0.59
Per (48 hours) 348.57 62.90 5.54%***

*p < 0.05; ***p < 0.001.

There was significance for both levels for the number of seeds and for the period of 48 h. The interactions between
the period of 48 h and 10 and 15 seeds were also significant (Table 5).

The increase in the number of seeds in the samples and the reduction in the level of vigor of the lots resulted in
greater production of ethanol by the seeds.

The greatest variation in emission and, therefore, sensitivity in the distinction of the lots occurred with the use
of 15 seeds in the period of 48 h. Under these conditions, minimum emission was 55.0 pg.L* (lot 1) and maximum
emission was 1865.0 pg.L (lot 4).

The present study provides some important guidelines for the analysis of forest seed quality by defining a protocol
for a vigor test with innovative and efficient technology, conditioned to an arboreal biological model. Based on the
characterization carried out on the seed lots, the present findings are considered reliable since the simultaneous
analysis of the variables (multivariate) demonstrates accurate separation in relation to the physiological quality of the
lots used to test the experimental factors.

Anatomical evaluation indicated thickness reduction of the most external layer of the seed coat, responsible for
protection and controlling of imbibition. This relationship has previously been observed in soybean seeds (Silva et al.,
2008), Fabaceae such as Plathymenia, in which aging also caused anatomical alterations in the seed layers, followed by
a reduction in germination and vigor.

During aging, Plathymenia seed moisture content also showed distinct patterns between the lots. However, the
high-water absorption by the seeds during the process was insufficient to alter germination potential. Germination
presented a low percentage contribution to the discrimination of the lots, which indicates that this variable is not
sensitive enough to distinguish physiological potential. The germination test result alone does not always present
values that are consistent with the true potential of the quality of a determined lot, as said test is carried out under
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Figure 4. Ethanol production (ug.L?) as a function of four Plathymenia seed lots, imbibition volumes, and reading
periods.

Table 4. Deviation analysis (ANODEV) for ethanol production of Plathymenia seeds with two factors, modeled with
interaction (Model 1) and without interaction (Model 2).

. Model 1 Model 2
FVv DF Difference DF - :
Deviance F Deviance F

Null 0 23 56.21 56.209
Seeds 2 21 41.92 138.78*** 41.92 38.75%**
Period 1 20 4.27 28.26%** 4.27 10.02*

Interaction 2 18 6.84 22.64%**
AIC 276.7 297.6

DF: Degree of freedom; F: Statistic of the Snedecor test; *p < 0.05 ***p < 0.001.

optimum conditions, making it impossible to detect small variations in performance potential (Hampton and Tekrony,
1995), which can lead to overestimation of lot quality. Therefore, this information should be complemented with vigor
test results.

The high percentage contribution of first count and electrical conductivity to discriminating the lots demonstrates
the potential of these variables as important tools for the separation of lots with high physiological potential. The
electrical conductivity test is a biochemical test based on the principle that a process of deterioration leads to leaching
of the cellular constituents due to the loss of integrity of the cellular membrane systems and reduced membrane repair
speed (Ebone et al., 2019; Ma et al., 2020). When evaluating electrical conductivity, we observed that the quantity of
leachates increased progressively in the direction of the more degraded lots. Inversely proportional to the damage
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Table 5. Estimates of coefficients, standard error of estimate and t-test value of all factors for Model 1 (with interaction).

Coefficient Estimate Error Value t
Intercept 22.5 4.37 5.14%**
Seeds (10) 20.0 9.34 2.14%*
Seeds (15) 375.0 77.36 4.84***
Period (48 hours) 32.5 11.54 2.81%*
Seeds (10): Per (48 hours) 157.5 47.35 3.32%%
Seeds (15): Per (48 hours) 1435.0 370.70 3.87**

*p < 0.05; **p < 0.01; ***p < 0.001.

to cellular membranes (Barbosa et al., 2021). The electrical conductivity increase indicates that there was a gradual
reduction in seed vigor, this being observed at the level of membrane systems. Seeds with low vigor and, therefore, high
electrical conductivity (Ma et al., 2020), perform poorly in the resumption of metabolic activities towards germination.
Thisis due to the low number of mitochondria during metabolism reactivation and the consequent low rate of respiration
and energy production (Borella et al., 2013), leading to the results found for first count and seedling emergence, which
also exhibit relevant lot discrimination power.

After ascertaining a reduction in vigor of the formed lots, the demands of a vigor test can be met by comparing lots
with differences in performance potential. This can be done by measuring endogenous ethanol in partially imbibed
seeds as it is a volatile organic compound produced as part of a fermentation process (Kucukhuseyin et al., 2021). The
vigor test based on the production of ethanol proved sensitive to the detection of deterioration at different levels,
which suggests the capacity to interfere in the physiological state of the lots and assertively discriminate them, even in
lots that had their physiological quality overestimated in the germination test.

Furthermore, the emission of ethanol was consistent with the classes of vigor previously established in the
accelerated aging test and with the results of electrical conductivity, germination speed index, and seedling emergence.
As such, emission increases in the direction of more degraded lots, converging with the decline in vigor detected by
said tests. In fact, a relationship between ethanol production and seed deterioration has also been reported for melon
(Ornellas et al., 2020), and caupi bean (Cavalcante et al., 2019), demonstrating that ethanol is a deterioration biomarker
(Colville et al., 2012). Its production results from mitochondrial cell loss (Buckley and Huang, 2011), here resulting from
damage accumulated during aging and the consequent production of metabolic energy through alcoholic fermentation
by converting pyruvate into ethanol (Benamar et al., 2003; Ornellas et al., 2020).

To establish the efficiency of a test, it is also important to define the conditions for said test. Thus, for the correct
execution of the ethanol test and, therefore, its reliability, assessment time, and number or mass of seeds should
ensure ethanol production in sufficient quantity to enable detection using the device and supply information on the
state of deterioration of the lots. For cabbage seeds, a few hours of evaluation were sufficient to differentiate lots as
per vigor (Kodde et al., 2012), which did not occur with Plathymenia, for which null or low ethanol production was
observed in the short periods, even in more degraded lots.

Plathymenia is a species that presents orthodox seeds (Carvalho, 2009) with integumentary dormancy (Borges et
al., 2019), plausibly suggesting that they possess protective structures that act as barriers to the entrance of water,
which would make absorption in short periods difficult, resulting in low ethanol emission in such conditions. It should be
emphasized that each species has unique behavior, thus indicating the need for research approaches of this magnitude
for other species, especially native forest species, with the aim of formulating protocols and detecting possible patterns
among this group of seeds.
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When setting the number of seeds for testing, there was differentiated behavior in ethanol production in favor of
a higher quantity of seeds. Considering the interactions, only 10 and 15 seeds with a period of 48 h demonstrated as
significant, although it is worth mentioning that when evaluated in isolation, 15 seeds showed greater significance than
the interactions. The use of 15 seeds in the 48 h-period also involved maximization of the differences between lots
when compared to the use of 10 seeds and other reading periods. This greater capacity to distinguish lots establishes
this condition as ideal for testing, given that it is desirable to increase ethanol emission by low vigor seeds compared
to high vigor seeds in order to enhance test reliability (Buckley and Huang, 2011).

Many forest species exhibit intrinsic characteristics that demand more time and specific conditions for testing to
verify the physiological quality of seed lots. Others, given the wide diversity of species and their under-representation,
are not contemplated by the normative instructions guiding their analysis (Brasil, 2009; Brasil, 2013), and, as such, little
or nothing is known about how germination and vigor tests should be conducted. In this case, the ethanol test may be
an efficient alternative to traditional testing, resulting in time optimization to obtain results and make decisions.

For Plathymenia, the final count in the germination test should occur on the sixteenth day (Brasil, 2013). With the
ethanol test, results enabled the distinction between lots with differences in physiological potential in a trial of 48
h, these being especially compatible with electrical conductivity, germination speed index, and seedling emergence
in a greenhouse. The saving of physical space that the ethanol test provides when compared, for example, to the
germination test, should also be considered. This aspect, combined with the optimization of time to obtain results,
could reduce costs in the production chain of the seeds and seedlings sector, which reinforces the use of ethanol
production as a vigor test.

Although it is not the focus of the present study, we also believe that the generalized linear models provide
more alternatives for the distribution of variables in seed studies (Santana et al., 2018), such as that carried out
here. This technique has been used in seed technology research with the aim of clarifying the relationships between
the different variables evaluating physiological potential. Moreover, it has been successfully used for soybean seeds
(Barbosa et al., 2013), forage grasses of the Brachiaria genus (Silva et al., 2017; Silva et al., 2019), and caupi beans
(Mendonga et al., 2018).

CONCLUSIONS

The ethanol test is efficient for the evaluation of vigor, as it enables a sensitive lot classification compatible with
other tests. For Plathymenia, it was recommended that the test be conducted with 15 seeds imbibed in a quantity of
water 2.5 times the mass of the seeds for 48 h. The ethanol test is an excellent choice for the distinction of seed lots

and provides speed and reliability to seed quality control programs aimed at forest restoration.
ACKNOWLEDGEMENTS

The authors would like to thank the Coordination for the Improvement of Higher Education Personnel (Coordenagdio
de Aperfeicoamento de Pessoal de Nivel Superior — Brazil) (CAPES) — Finance Code 001 for financial support.

REFERENCES

AKAIKE, H. A new look at the statistical model identification. IEEE Transactions on Automatic Control, v.19, n.6, p.716-723,
1974. https://doi.org/10.1109/TAC.1974.1100705

BAALBAKI, R.Z.; ELIAS, S.; MARCOS-FILHO, J.; MCDONALD, M.B. Seed vigor testing handbook. Ithaca, New York: AOSA, 2009, 346p.

Journal of Seed Science, v.44, e202244036, 2022


https://doi.org/10.1109/TAC.1974.1100705

Ethanol test for Plathymenia reticulata seeds 11

BARBOSA, R.M.; JESUS, M.A.; PEREIRA, R.A.; GOMES-JUNIOR, G.A. Electrical conductivity and ethanol release to assess red rice
seed vigor. Caatinga, v.34, n.4, p.791-798, 2021. https://doi.org/10.1590/1983-21252021v34n406rc

BARBOSA, R.M.; VIEIRA, B.GT.L.; FERRAUDO, A.S.; CORA, J.E.; VIEIRA, R.D. Discrimination of soybean seed lots by multivariate
exploratory techniques. Journal of Seed Science, v.35, n.3, p.302-310, 2013. https://doi.org/10.1590/52317-15372013000300005

BENAMAR, A.; TALLON, C.; MACHEREL, D. Membrane integrity and oxidative properties of mitochondria isolated from imbibing pea
seeds after priming or accelerated ageing. Seed Science Research, v.13, n.1 p.35-45, 2003. https://doi.org/10.1079/SSR2002122

BORELLA, J.; DURIGON, M.A.; AMARANTE, L.; EMYGDIO, B.M. Fermentative enzymes activity in soybean roots and nodules under
hypoxia and post-hypoxia conditions. Ciéncia Rural,v.43,n.6, p.970-977,2013. https://doi.org/10.1590/50103-84782013000600005

BORGES, C.P.; FERREIRA, C.D.; DIAS, D.P. Superac¢do da dorméncia em sementes de Plathymenia reticulata Benth. Nativa, v.7, n.3,
p.317-322, 2019. https://doi.org/10.31413/nativa.v7i3.6679

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Instrugdes para Andlise de Sementes de Espécies Florestais. Brasilia:
MAPA/ACS, 2013. 98p. https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/arquivos-publicacoes-laboratorio/florestal _
documento_pdf-ilovepdf-compressed.pdf

BRASIL. Ministério da Agricultura, Pecudria e Abastecimento. Regras para andlise de sementes. Ministério da Agricultura, Pecudria
e Abastecimento. Secretaria de Defesa Agropecudria. Brasilia: MAPA/ACS, 2009. 399p. http://www.agricultura.gov.br/assuntos/
insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf

BUCKLEY W.T.; HUANG J. An ethanol-based seed vigour assay for canola. Seed Science and Technology, v.39, n.2, p.510-526, 2011.
https://doi.org/10.15258/ss5t.2011.39.2.22

BUCKLEY, W.T.; BUCKLEY, K.E. Low-molecular-weight volatile indicators of canola seed deterioration. Seed Science and Technology,
v.37, n.3, p.676-690, 2009. https://doi.org/10.15258/sst.2009.37.3.15

BUCKLEY, W.T.; IZYDORCZYK, M.S.; LEGGE, W.G. Detection of incipient germination in malting barley with a starch viscosity method
and a proposed ethanol emission method. Cereal Chemistry, v.93 n.5, p.450-455, 2016. https://doi.org/10.1094/CCHEM-07-15-
0147-R

CARVALHO, P.E.R. Vinhdtico (Plathymenia reticulata). EMBRAPA Florestas, Comunicado Técnico 231, 2009.

CAVALCANTE, J.A.; GADOTTI, G.I.; TERNUS, R.M.; MOTTA, F.X.; SILVA, R.N.O.; EBERHARDT, P.E.R.; TUNES, L.V.M. Evaluation of ethanol
preconditioning as a rapid seed vigour and viability test. Australian Journal of Crop Science, v.13, n.7, p.1045-1052, 2019. https://
doi.org/10.21475/ajcs.19.13.07.p1148

COLVILLE, L.; BRADLEY, E.L.; LLOYD, A.S.; PRITCHARD, H.W.; CASTLE, L.; KRANNER, I.; Volatile fingerprints of seeds of four species
indicate the involvement of alcoholic fermentation, lipid peroxidation, and Maillard reactions in seed deterioration during ageing
and desiccation stress. Journal of Experimental Botany, n.63, n.18, p.6519-6530, 2012. https://doi.org/10.1093/jxb/ers307

CONCEICAO, T.A.; MENDONCA, AV.R.; SOUZA, M.O.; SOUZA, J.S.; MOREIRA, R.F.C. Seed collection environment: Effects of forest
cover reduction on biometrics and seed lot quality of Bowdichia virgilioides Kunth. Cientifica, v.47, n.3, p.327-336, 2019. https://
doi.org/10.15361/1984-5529.2019v47n3p327-336

CORNELIUS, J.P.; MICCOLIS, A. Can market-based agroforestry germplasm supply systems meet the needs of forest landscape
restoration? New Forests, v.49, n.4, p.457-469, 2018. https://doi.org/10.1007/s11056-018-9639-3

EBONE, L.A.; CAVERZAN, A.; CHAVARRIA, G. Physiologic alterations in orthodox seeds due to deterioration processes. Plant
Physiology and Biochemistry, v.145, p.34-42, 2019. https://doi.org/10.1016/j.plaphy.2019.10.028

ESSER, L.F.; NEVES, D.M.; JARENKOW, J.A. Habitat-specific impacts of climate change in the Mata Atlantica biodiversity hotspot.
Diversity and Distributions, v.25, n.12, p.1846-1856, 2019. https://dx.doi.org/10.1111/ddi.12984

HAMPTON, J.G.; TEKRONY, D.M. Handbook of vigour test methods. Zurich: ISTA, 1995. 117p.

KODDE, J.; BUCKLEY, W.T.; GROOT, C.C.; RETIERE, M.; ZAMORA, A.M.V.; GROOT, S.P.C.A. Fast ethanol assay to detect seed deterioration.
Seed Science Research, v.22, n.1, p.55-62, 2012. https://doi.org/10.1017/50960258511000274

Journal of Seed Science, v.44, e202244036, 2022



https://doi.org/10.1590/1983-21252021v34n406rc
https://doi.org/10.1590/S2317-15372013000300005
https://doi.org/10.1590/S0103-84782013000600005
https://doi.org/10.31413/nativa.v7i3.6679
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/arquivos-publicacoes-laboratorio/florestal_documento_pdf-ilovepdf-compressed.pdf
https://www.gov.br/agricultura/pt-br/assuntos/laboratorios/arquivos-publicacoes-laboratorio/florestal_documento_pdf-ilovepdf-compressed.pdf
http://www.agricultura.gov.br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
http://www.agricultura.gov.br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
https://doi.org/10.15258/sst.2011.39.2.22
https://doi.org/10.15258/sst.2009.37.3.15
https://doi.org/10.1094/CCHEM-07-15-0147-R
https://doi.org/10.1094/CCHEM-07-15-0147-R
https://doi.org/10.21475/ajcs.19.13.07.p1148
https://doi.org/10.21475/ajcs.19.13.07.p1148
https://doi.org/10.1093/jxb/ers307
https://doi.org/10.15361/1984-5529.2019v47n3p327-336
https://doi.org/10.15361/1984-5529.2019v47n3p327-336
https://doi.org/10.1016/j.plaphy.2019.10.028
https://dx.doi.org/10.1111/ddi.12984

12 E.D.S. Oliveira et al.

KUCUKHUSEYIN, E.B.; MEMIS, N.; GOKDAS, Z.; GROOT, S.P.C.; DEMIR, I. Ethanol release as an indicator of seed vigour in radish,
pepper, watermelon, aubergine, leek and onion seed lots. Seed Science and Technology, v.49, n.1, p.1-6, 2021. https://doi.
org/10.15258/sst.2021.49.1.01

LONDE, V.; MESSIAS, M.C.T.B.; SOUSA, H.C. Vegetation restoration is associated with increasing forest width. New Forests, v.52, n.1,
p.129-144, 2021. https://doi.org/10.1007/s11056-020-09786-2

MA, W. G.; ZHANG, Z.H.; ZHENG, YY.; PAN, W.; QIU, T.; GUAN, Y.J.; HU, J. Determination of tobacco (Nicotiana tabacum) seed vigour
using controlled deterioration followed by a conductivity test. Seed Science and Technology, v.48, n.1, p.1-10, 2020. https://doi.
org/10.15258/sst.2020.48.1.01

MAGUIRE, J.D. Speed of germination-aid in selection and evaluation for seedling emergence and vigor. Crop Science, v.2, p.176-177,
1962. https://doi.org/10.2135/cropscil962.0011183X000200020033x

MENDONCA, M.S.D.; BEBER, P.M.; NASCIMENTO, F.S.S.D.; SANTOS, V.B.D.; MARINHO, J.T. Importance and correlations of characters
for cowpea diversity in traditional varieties. Revista Ciéncia Agronémica, v.49, n.2, p.267-274, 2018. https://doi.org/10.5935/1806-
6690.20180030

ONWIMOL, D.; RONGSANGCHAICHAREAN, T.; THOBUNLUEPQOP, P.; CHAISAN, T.; CHANPRASERT, W.; Optimization and sensitivity
analysis of fast ethanol assay in maize seeds. Journal of Seed Science, v.41, n.1, p.97-107, 2019. https://doi.org/10.1590/2317-
1545v41n1206316

ORNELLAS, F.L.S.; SOUSA, A.O.; PIROVANI, C.P.; ARAUJO, N.M.; COSTA, D.S.; DANTAS, B.F.; BARBOSA, R.M. Gene expression
biochemical and physiological activities in evaluating melon seed vigor through ethanol release. Scientia Horticulturae, v.261 n.5,
p.108884, 2020. https://doi.org/10.1016/j.scienta.2019.108884

R Core Team. A language and environment for statistical computing. Vienna Austria: R Foundation for Statistical Computing, 2019.

SANTANA, D.G.; CARVALHO, F.J.; TOOROP, P. How to analyze germination of species with empty seeds using contemporary statistical
methods? Acta Botanica Brasilica, v.32, n.2, p.271-278, 2018. https://doi.org/10.1590/0102-33062017abb0322

SILVA, G.Z.; MARTINS, C.C.; CRUZ, J.0.; JEROMINI, T.S.; BRUNO, R.D.L.A. Evaluation the physiological quality of Brachiaria brizantha
cv. BRS ‘Piatd’ seeds. Bioscience Journal, v.33, n.3, p.572-580, 2017. https://doi.org/10.14393/BJ-v33n3-36519

SILVA, G.Z.; MARTINS, C.C.; NASCIMENTO, L.C.; BARRETO, G.G.; FARIAS, O.R. Evaluation the physiological quality of Brachiaria
brizantha ‘BRS Piatd’ seeds in function of climate conditions. Revista Brasileira de Engenharia Agricola e Ambiental, v.23, n.4, p.237-
243, 2019. https://doi.org/10.1590/1807-1929/agriambi.v23n4p237-243

SILVA, M.A.D.; VIEIRA, R.D.; SANTOS, J.M. Influéncia do envelhecimento acelerado na anatomia da testa de sementes de soja cv:
Monsoy 8400. Revista Brasileira de Sementes, v.30, n.2, p.91-99, 2008. https://doi.org/10.1590/50101-31222008000200012

SINGH, D. The relative importance of characters affecting genetic divergence. Indian Journal of Genetic and Plant Breeding, v.41,
n.2, p237-245, 1981.

VIRGENS, P.B.S.; CONCEICAO, T.A.; BARBOSA, R.M. Tetrazolium test to evaluate viability and vigour in Genipa americana seeds. Seed
Science and Technology, v.47, n.3, p.307-318, 2019. https://doi.org/10.15258/sst.2019.47.3.06

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Seed Science, v.44, e202244036, 2022


https://doi.org/10.15258/sst.2021.49.1.01
https://doi.org/10.15258/sst.2021.49.1.01
https://doi.org/10.1007/s11056-020-09786-2
https://doi.org/10.15258/sst.2020.48.1.01
https://doi.org/10.15258/sst.2020.48.1.01
https://doi.org/10.2135/cropsci1962.0011183X000200020033x
https://doi.org/10.1590/2317-1545v41n1206316
https://doi.org/10.1590/2317-1545v41n1206316
https://doi.org/10.1016/j.scienta.2019.108884
https://doi.org/10.1590/0102-33062017abb0322
https://doi.org/10.14393/BJ-v33n3-36519
https://doi.org/10.1590/1807-1929/agriambi.v23n4p237-243
https://doi.org/10.1590/S0101-31222008000200012
https://doi.org/10.15258/sst.2019.47.3.06

