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ABSTRACT: Seed vigor is the totality of all properties that determine a rapid and uniform emergence
and development of normal seedling under a wide range of conditions. However, the physiological quality
within a seed lot is not homogeneous, generating a quality gradient between seeds. Thus, the vigor expressed by
the final percentage of normal seedlings tends to underestimate the quality of the batch, considering the total
number of seeds. One possible method for correcting such an effect would be to weight vigor by germination,
generating an index called relative vigor. The index reflects the “success” of viable seeds in maintaining their
potential under stress. In this context, this review article proposes the possibility of using a new measure for
vigor and new interpretation of relative vigor, as well as providing the mathematical basis for its use.
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INTRODUCTION

Seed vigor is the sum of all properties that
determine the fast and uniform emergence and
development of normal seedlings under different
conditions. However, the physiological quality in a
seed lot is not homogeneous, generating a gradient
of quality between the seeds (BEWLEY; BLACK,,
1982). Thus, the vigor expressed by the final
percentage of normal seedlings tends to
underestimate the quality of the lot, because it
considers the total number of seeds. A possible
method to correct this effect would be to ponder the
vigor by germination, generating an index called
relative vigor. The index reflects the "success" of
viable seeds in maintaining their potential under a
stressful situation. In this context, the present review
article talks about the possibility of using a new
measure, for the vigor, and a new interpretation, the
relative vigor, as well as giving the mathematical
basis for its use, based on a bibliographical survey
and inferences.

In 1876, Nobbe, the founder of modern seed
technology, found differences in germination and
seedling development within the same seed lot; this
differences is currently referred to as "vigor"
(Marcos Filho, 2015) and had the concept intensely
discussed and refined by the world's leading seed
analysis agencies. The American Organization of
Seed Analysts (AOSA) defines vigor as the sum of
all properties that determine the potential for rapid
and uniform emergence of normal seedlings under a
wide range of edaphoclimatic conditions (AOSA,

1983; BAALBAKI et al., 2009). For International
Seed Testing Assossiation —ISTA, seed vigor is the
totality of properties that determine the activity and
performance of acceptable germinating lots in a
wide range of environments; that is, a vigorous seed
lot is one that is potentially capable of germinating
well under an ideal environmental conditions.
(ISTA, 2014). However, even though not reported
by the concepts, sometime ago responses have been
contacted throughout the crop cycle as a function of
seed vigor, also reflecting yield (TEKRONY et al.,
1989; TEKRONY; EGLI, 1991; MEROTTO
JUNIOR, 1999; HOFS et al., 2004; MIELEZRSKI,
2008; MONDO et al., 2012; CAMELIA, 2014).
Even though the concepts of seed vigor are
anchored in seed or seedling performance under
non-optimal conditions, it is known to be a
consequence of the binomial physiological quality
and deterioration. In general, the factors governing
seed vigor are inversely proportional to those
governing seed deterioration, as physiological
quality is still established in the mother plant.
(CORBINEAU, 2012). In the latest reviews that
address the causes of loss of vigor through different
tests, they point out that root deterioration is a
consequence of free radical-mediated lipid
peroxidation, inactivation of enzymes and proteins,
disruption of cell membranes and the damage on
genetic materials (BOPPER; KRUSE, 2010;
CORBINEAU, 2012; RAJOU et al., 2012;
SHABAN, 2013). It should be noted that the process
is dynamic and interconnected. To understand, in
the Dbreathing of cells the energy is spent. With
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compromised breathing capacity, it reduces both
production and energy distribution to the seed /
seedling (ATP). This energy comes from the seed
reserve compounds and is intensified when the cells
are soaked. However, this “breakdown” of
compounds while producing energy for the system
to stay alive produces free radicals that degrade the
membrane system. (CORBINEAU, 2012; RAJJOU
et al., 2012; SHABAN, 2013; BOPPER; KRUSE,
2010). At first, these reactions have a slow but
cadenced rhythm, which, due to the species-
genotype-environment association, can reach an
accelerated rhythm, with sigmoid pattern for vigor
(absolute) and paraboloid for germination, and
determine the intense fall of the plant. quality,
culminating in the death of seeds (DELOUCHE;
CALDWELL, 1960; MARCOS FILHO, 2015;)

The factors that give the seed more or less
vigor are also linked to its composition; In general,
seeds with starches, soluble sugars and soluble
proteins result in greater vigor because energy is
readily available to the embryo (CARVALHO;
NAKAGAWA, 2000; HENNING et al., 2010,
CARVALHO et al., 2014). This process is latent
and its measurement can take time and resource and
are therefore impractical commercially. However,
the use of seed stresses or the measurement of
physiological / biochemical characteristics of
seedlings / seeds or secondary inferences of seed
metabolism allows to elucidate seed deterioration
and this type of test is called the vigor test.

In short, vigor tests aim to detect differences
between lots associated with seed performance
regarding the establishment of the stand in the midst
of multiple stresses, therefore being comparative
(FICH-SAVAGE; BASSEL, 2015; MARCOS
FILHO, 2015). So the question is, why then does
not the vigor test only apply to verify the
physiological quality of the seeds? What is the
relationship between germination and vigor?

The answer to these questions foresees the
establishment of the shelf, being associated with the
investigation of the germinative potential of the
seeds. The germination test is the reference, since
the factors in its conduction are controlled and with
this there is reproducibility (BRASIL, 2009;
MARCOS-FILHO, 2015). In fact, it is known that
the results of vigor tests given by calculating the
percentage of normal seedlings are related to
seedling emergence in the field (MARTINS;
SILVA, 2005; MARCOS-FILHO, 2015). Although
the concept of seed vigor, expressed as the final
percentage of normal seedlings is correct, a
marginally germinating lot (close to the commercial
standard) may have a high percentage of seedlings
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in the vigor test, as well as a high germinating lot.
(=100%), may present low percentage of seedlings
in the vigor test (CORBINEAU, 2012; FICH-
SAVAGE; BASSEL, 2015). This statement is based
on the fact that vigor test is dependent on seed
viability that is intrinsic to seed and verified by
germination test (FICH-SAVAGE; BASSEL, 2015).
It is known that warned that seed aging occurs at
various rates within the batch, leading to
inhomogeneity, culminating with vigor
discrimination within the batch itself (VESELOVA,;
VESELOVSKY; OBROUCHEVA, 2015)

Based on these assertions it is assumed that
the vigor of a seed lot should be expressed weighted
by the germination percentage, which is then called
relative vigor. Thus the resulting value would be the
“success” of viable seeds in maintaining their
germination in the face of stress. An outline of this
formula was made in 1995 by Egli; Tekrony, to
verify the suitability of the vigor test for field
emergency. For this, they related the field
emergence by laboratory germination and called this
the Field Emergency Index (FEI). In this aspect, the
closer to 100 the index reached, the better and more
adequate the conditions of the field were. The fact
is, there are few studies with this measure, and a
primordial step is, like germination measures, to
understand the biological and mathematical
meaning of the expression (SANTANA; RANAL,
2004; DORNELES ET AL. 2005; RANAL;
SANTANA, 2006). In this context, this review
article proposes the possibility of using a new
measure for vigor and new interpretation of relative
vigor, as well as providing the mathematical basis
for its use.

The origin of relative vigor: the Field Emergency
Index

After advances in the elaboration of
mathematical calculations that characterize the
physiological processes of germination, several
measures and interpretations were listed and
discussed. Among them, those that characterize the
time, rate or speed, uniformity, uncertainty and
synchrony of the germinal process, besides the
capacity, with emphasis on germinability (SCOTT
et al., 1984; BROWN; MAYER; 1988; SANTANA,;
RANAL, 2004 ; RANAL; SANTANA, 2006;
MCNAIR et al., 2012; SOLTANI et al., 2015).
Regardless of botanical or agronomic criteria,
germination measures are applied when a
morphological marker of germination occurs.

Recently, advances in understanding stricto
sensory germination have broadened the way of
measuring the physiological process still in the seed
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phase. In this way, the rate, acceleration, entropy,
uniformity, diffusion coefficient and velocity of
seed water dynamics in germination process were
calculated (RIBEIRO-OLIVEIRA, 2015). Even with
all these advances, the use of vigor has always been
prominent in studies of the germinal process.

Originally called the field emergency index
(FEI), relative vigor was proposed to verify the
adequacy between sand emergency methodologies
(EGLI; TEKRONY, 1995). In this study, the authors
submitted seed lots to different emergence
conditions in sand and having the result, verifying,
through the quotient with the germination obtained
in the laboratory, which increment / decrement was
obtained. Therefore, the higher the value reached by
a given sand emergency methodology, the more
appropriate it was; whereas if the FEI was less than
100, the methodology would be deleterious to
express the physiological potential of seeds. It is
worth noting that this interpretation is correct, but
centered on the methodology, while the new
approach is to relativize the germination potential of
the batch. When weighting absolute vigor by
germination (Equation 1), the index gives a
probability of “success” in the face of stress, which
is the concept adopted from then on. Relative vigor
represents the percentage of seeds that withstood
stress and germinated, from the total to germinate
(estimated by the germination test); whereas
absolute vigor is the very proportion of seeds that
germinated under stress conditions.

Relativization is not unique to these authors,
a similar formula was proposed by Karim et al.
(1992), which relates the germination percentage of
a given treatment with the witness, however, the
gain / loss of a treatment in relation to the witness is
seen. This calculation, however, is apparently based
on the Abbott (1925) index to verify insecticide
efficiency. In this the variable of interest is insect
mortality, while in the adaptation of Karim et al.
(1992) interest is in germinated seeds. Recently, a
paper on the theme of relativization in the
germination process was published (SANTANA et
al., 2018), which proposed the use of relative
germination.  Relative  germination has as
denominator, not the number of seeds put to
germinate (n), but the number of seeds that the
embryo has. This equation is similar to Egli's
expression; Tekrony (1995), but it is not wise if this
was the inspiration. Its use was proposed to make a
comparison between individuals of a species that
presented seed formation problems (empty seeds).
There is similarity of the FEI equation, relative
vigor and relative germination and the index of
Karim et al. (1992), however the interpretation is
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different, as well as the situation in which each one
is suitable for use.

The mathematical basis of relative vigor

Possibly, the development of the FEI was in
order not to use Pearson correlation, since Egli;
Tekrony (1995) warn about fragility in correlation
between laboratory testing and emergency in the
field. It should be noted that the values obtained
when using this statistic are questionable, because
the significance only represents that the association
between the variables is not null, but not necessarily
relevant (MILLER, 1994; SANTANA et al., 2010).
Moreover, lots with different germination and vigor
quantities could give the same correlations, since
this statistic takes into account only variances
(PEARSON, 1930). Thus, the FEI was proposed to
evaluate the best sand emergency methodology, as it
had the most intuitive and straightforward
interpretation (EGLI; TEKRONY, 1995).

Different ~ Authors  have identified
conceptual and statistical problems in different
measures of germination, and thus suggested a
refinement in interpretation or even in the mode of
calculation (GOODCHILD; WALKER, 1971,
SCOTT et al.,, 1984; BROWN; MAYER, 1988;
SANTANA; RANAL, 2004; RANAL; SANTANA,
2006), Based on this, the new interpretation of the
FEI is just a breakthrough, a contribution, with
unprecedented context. The use of expressions
hitherto used in other areas of knowledge to
understand the germinal process is common and,
thus, acquires new interpretations. In this aspect
there is uncertainty and synchrony; the first was
used by Labouriau; Valadares (1976) to quantify the
variation of germination over time, through the
uncertainty associated with the distribution of
relative germination frequency, or informational
entropy. The development and application of
uncertainty is credited to Shannon (1948) for
measuring informational entropy. this measure is
usual for ecologists to measure the diversity of an
environment (RANAL; SANTANA, 2006). Thus,
high values indicate high diversity and numbers
towards zero indicate low diversity. When applied
to seed germination, the conventional interpretation
is in the opposite direction, ie low values indicate
synchronic germination (RANAL; SANTANA,
2006). The same authors also made an adaptation of
the sync, "Z" of Primack (1980). This index initially
assessed the degree of overlap between individuals
in a flowering population, and the same meaning
extends to seeds, that is, the "Z" only generates a
number if two seeds germinate at the same time.
Thus, the Z value, in fact, measures the synchrony,
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or the degree of germination overlap (RANAL;
SANTANA, 2006). These adaptations for the
germinal process reinvigor the viability of the new
interpretation for the expression of Egli; Tekrony
(1995), aiming to determine relative vigor.

Why the use of relative vigor is centered on
the  limitations of  vigor  tests, whose
recommendation is that results can only be
compared when batch germination is similar
(MARCOS FILHO et al.,, 1984; CARVALHO;
NAKAGAWA, 2000; MARCOS FILHO, 2015). In
order to verify this condition, the authors submit the
germination percentages of the seeds to the variance
analysis, in order to make the difference not
significant (MARCOS FILHO et al., 1984,
CALIARI; SILVA, 2001; MARTINS; SILVA,
2005). In doing this procedure, the researchers
intuitively weight the vigor percentage by the
germination percentage (MARCOS FILHO et al.,
1984), even without making any algebraic
manipulations, making the comparison possible.

In short, the relativization of vigor allows
the comparison of vigor of seed lots with distinct
germinative potentials, a gargle in seed studies.
Moreover, for seed industry the relative vigor will
allow the reduction of batches that fall within the
absolute vigor considered marginal, but still have
vigorous seeds. In biological studies may clarify the
contribution of the individual in the adaptive
aptitude of the offspring under stressful conditions.
Through this measure it will still be able to identify
“elite” genetic materials in terms of vigor, which

(22 100
V, =Y/ 100,00V, =

"t 100)
" /(Zn—i 100) 100
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materials would be discarded from the breeding
programs because of their low germination
percentage. This is possible because relativization
minimizes problems with underestimation due to
germination. In this sense, Santana et al. (2018)
postulate that relative germination minimizes
underestimation of germination potential when
seeds with embryonic problems (empty / malformed
seeds) are present in the sample. This is also true for
relative  vigor, however, by  minimizing
underestimation of vigor potential when seeds are
not viable and able to germinate. In this work a
numerical proof was made, in which, when
comparing different individuals, they found that the
individual 7 was erroneously classified as not
efficient in the absolute germination (12%), while
this one had a high relative germination capacity
(78.1%; vide SANTANA et al., 2018). Therefore, it
cannot be inferred that the seeds of this individual
have low germination potential, but that these
individuals produce large amounts of seeds without
embryos, but when the embryo is present, the seeds
have high germinability.

Relative vigor was calculated as a
percentage, which, from a practical point of view,
facilitates interpretation (EGLI; TEKRONY, 1995).
In fact, this approach is correct because both
absolute vigor and germination are given in
percentages of normal seedlings and, in making the
ratio, resulting in a dimensionless index converted
to a percentage by multiplying by one hundred
(Equation 1).

Limits (%):
Vy: [0; 100]
V: [0; 100] [1]
G: ]0; 100]

where V is absolute vigor obtained as a percentage of the vigor test; G is the percentage of germination obtained by the standard
germination test, Vi is the number of normal seedlings of the vigor test; Gi is the number of normal seedlings in the germination test; ny
is the vigor test test sample size and nG is the germination test test sample size.

Germinability and absolute vigor expressed
as a percentage is essentially important for the
design of relative vigor because it nullifies the effect
of sample size (BROWN; MAYER, 1988;
RIBEIRO-OLIVEIRA, 2011, RIBEIRO-
OLIVEIRA et al.,, 2013; RIBEIRO-OLIVEIRA,;
RANAL, 2015). It should be remembered that
germination and absolute vigor originate from ‘“n”
which may vary between samples or between
experiments, and in this situation the comparison
remains applicable because it is proportional
(SANTANA; RANAL 2004). Moreover, of all

germination measures, the most robust to variations
in sample size and seed quality is germinability
(RIBEIRO-OLIVEIRA, 2011; RIBEIRO-
OLIVEIRA et al., 2013; RIBEIRO-OLIVEIRA;
RANAL, 2015), that is, in the face of variations
there is no compromise of the physiological
inference of the sample. By analogy, relative vigor
seems to be robust as well, by involving in the
calculation absolute vigor and germination, both
derived from the same equation.

Initially one might think that relative vigor
is a mixed measure because it involves two
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characteristics, but it is not, since the unit is a
percentage. The mixed measures present a
dependence between the evaluated characteristics,
being dubious (GOODCHILD; WALKER, 1971;
BROWN; MAYER, 1988, SANTANA; RANAL,
2000). Maguire speed, or emergency speed index
(Maguire, 1962) is an example. The value obtained
is influenced by the balance of germinability and
speed (beginning, end, process uniformity and
sample size), so much so that the unit is seedlings
per day (SANTANA; RANAL, 2000; RIBEIRO-
OLIVEIRA, 2011; RIBEIRO-OLIVEIRA et al. .,
2013; RIBEIRO-OLIVEIRA; RANAL, 2015).

For the determination of relative vigor one
must take into consideration the theoretical limits of
the variables involved in its determination. For
absolute vigor, the lower limit is zero and the upper
limit is 100; whereas for germination the lower is
greater than zero and the upper is 100. This is
because a non-germinating plot will not have
seedlings to analyze vigor. As well as relative vigor,
other measures that depend on germination to be
calculated also do not exist in its absence, generally
those which in the calculation use the term
germination (RANAL; SANTANA, 2006). Relative
vigor should be considered as zero limits for when
absolute vigor is zero and 100 for when germination
and absolute vigor are equal (Figure 1). A particular
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feature of the FEI is that it reaches values greater
than 100%, ie in these cases the field was better than
laboratory conditions (EGLI; TEKRONY, 1995;
NERY-SILVA, 2012).

Although designed from the FEI, the
relative vigor for its calculation uses the
germination percentage given by the germination
test, which is done under optimal conditions, so it
makes no sense for the relative vigor to be much
higher than 100. These values above this limit
elucidate  methodological errors in  either
germination or vigor testing, may only be due to
simple variation and chance. In the latter case it is
expected that due to sampling (BRASIL, 2009) the
addition of the maximum theoretical limit will be
small, so it is recommended to convert the
percentage to 100% (maximum limit).

How does relative vigor relate to absolute
means?

Regarding the calculation of relative vigor,
it is a fact that keeping the absolute vigor fixed, the
addition of one unit in the germination percentage
will impact the reduction of relative vigor (Figure
1). This is because the weighting is the inverse of
germination, however the impact of this reduction is
not fixed (linear) as observed in figure 1.
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Figure 1. Relative vigor variations in favor of fixed absolute vigor and variable germination.

Ranal; Santana (2006), studying various
germination measures, in which the weighting was
the inverse of germination, found that in these cases
the measures are not linearly associated, but

proportionally inverse. This is clearly observed
through the mean time and mean velocity
measurements, where the second is obtained only by
the inverse of the first, and disjunction occurs in the
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mean test categories (DORNELES et al., 2005;
BERGER et al.,, 2014 ; RIBEIRO OLIVEIRA,
RANAL, 2015). As expected, the impact of absolute
vigor on relative vigor is direct and proportional
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(Figure 2) and relative vigor is never greater than
absolute. The application of relative vigor is
centered on the fact that the tested lots do not have
similar germination.
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Germinagao (%)
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Figure 2. Relative vigor variations in favor of fixed germination and variable absolute vigor.

The Figure 1 illustrates this condition by
setting vigor and varying germination. The models
initially fit the exponential function of three
parameters (Table 1), with two very characteristic
patterns (Figure 1). The first with a large decrease

for each unit of increase in germination percentage
and a second stationary. For example, setting
absolute vigor at 1% when germinating at 1% gives
relative vigor of 100%, increasing a unit at
germination changes it to 50%.

Table 1. Regressions regarding relative vigor when maintaining absolute vigor and changing germination.

Absolute vigor (%) Equation of relative vigor (%) 2(%) IF
1% Y=2,7111+141,9418 g 04531 95,42 1032,6553
10 Y= 12,4785+154,5837 00668 98,96 4273,3161
20 Y=19,7288+188,8379 g 0.045% 99,71 13411,0009
30 Y= 25,4830+218,1018 e %0367 99.90 34776,2040
40 Y= 30,3173+244,1441 ¢ 00817 99,96 84784,7257
50 Y= 34,5114+268,0088 g 0028% 99,99 207756,9476
60 Y=41,5716+311,3629 g 0023 100,00 1625140,0786
Y=167,3152-0,9886x 99,07 3200,4204
70 Y=178,9126-0,9958x 99,62 5228,2197
85 Y=184,4238-0,9979x 99,78 7090,4922
90 Y=189,7661-0,9992x 99,90 10388,5343

1 Bold values represent significant regression models at 0.01 significance by the Snedecor F test.

Using soybean and corn as the minimum
germination pattern of 80 and 85% (BRASIL,
2009), , respectively, it is clear that up to 50%
absolute vigor levels, the relative vigor is in the
syrup of the curve, close to stylization. Analyzing
the tail end at 99% germination gives 1.01% relative
vigor and increasing one unit yields 1% relative
vigor. In this case, one unit at the beginning of the

curve had an impact of 50% and at the end of
0.01%. In the 1% absolute vigor curve, stabilization
was reached close to 20% of germination and from
this point the increments were low (R? = 95.42%).
From the estimated curve for absolute vigor
of 30% the model does not have a stationary point,
but the increments tend to continue to be smaller in
the syrup. Finally, the slope is very small,
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characterizing a linear model (Figure 1), even
though the exponential function of three parameters
being significant and the perfectly fitting one (R? =
100%). In these cases, parsimonious models that
explain the phenomenon with as few parameters as
possible should be chosen. Thus we opted for the
linear (R? = 99.07%). On the other side, there is
relative vigor against the variation of absolute vigor
and maintaining the fixed germination. In this case,
all lines fit the linear function (Figure 2).

FINAL CONSIDERATIONS

The history of science is full of
epiphanies, in which research groups in different
parts of the globe present similar ideas for the same
process. In this sense, another work, with a
biological  focus, proposed to relativize
germinability in a particular context of empty seeds,
given the relevance given to the parent (SANTANA
et al., 2018). Similarly, this text proposes to
relativize another seed physiological attribute in
order to provide inferential accuracy to the vigor
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process, providing information that even
complements the work of Santana et al. (2018). So
the question that remains is, has seed science
entered a phase of relativity to attribute accuracy to
experiments that were once inaccurate? This author
believes that, yes! And it is in this context that the
present revision can enter the history of sowing, as
north for a new beginning. Moreover, this measure
is not intended to replace the usual (absolute vigor)
but is to add a new index that characterizes the
individual capacity of seeds, therefore an index of
"'success".
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RESUMO: O vigor de sementes € a totalidade de todas as propriedades que determinam uma rapida e

uniforme emergéncia e desenvolvimento de plantulas normais sob uma vasta gama de condic¢Ges. Todavia, a
qualidade fisioldgica dentro de um lote de sementes ndo € homogénea, gerando um gradiente de qualidade entre
as sementes. Assim, o0 vigor expresso pela porcentagem final de plantulas normais tende a subestimar a
qualidade do lote, por levar em consideracdo o nimero total de sementes. Um método possivel para corrigir tal
efeito seria ponderar o vigor pela germinagdo, gerando um indice denominado vigor relativo. O indice reflete o
“sucesso” das sementes viaveis em manter seu potencial sob uma situacdo de estresse. Neste contexto, o artigo
de propde a possibilidade de uso uma nova medida, para 0 vigor, e uma nova interpretacdo, o vigor relativo,
além de dar as bases matematicas para seu uso.

PALAVRAS-CHAVE: Estresse. indice de emergéncia em campo. indice de sucesso. Qualidade
fisioldgica.

REFERENCES

ABBOTT, W. S. A method of computing the effectiveness of on insecticide. Journal Economic Entomology,
London, v. 18, n. 2, p.265-267, 1925. https://doi.org/10.1093/jee/18.2.265a

ASSOCIATION OF OFFICIAL SEED ANALYSTS [AOSA]. Seed Vigor Testing Handbook. Ithaca, NY,
USA. (Contribution to the Handbook on Seed Testing, 32), 1983.

BAALBAKI, R.; ELIAS, S.; MARCOS FILHO, J.; MCDONALD, M. B. Seed Vigor Testing Handbook,
Ithaca, NY, USA. (Contribution to the Handbook on Seed Testing, 32). 2009.

BERGER, A. P. A.; RANAL, M. A.; SANTANA, D. G. Variabilidade na dorméncia relativa dos diasporos de
Lithraea molleoides (Vell.) Eng. Ciéncia Florestal, Santa Maria, v. 24, n. 2, p. 325-337, 2014
http://dx.doi.org/10.5902/1980509814570

Biosci. J., Uberlandia, v. 36, Supplement 1, p. 290-300, Nov./Dec. 2020
http://dx.doi.org/ BJ-v36n0a2020-48957


https://doi.org/10.1093/jee/18.2.265a
http://dx.doi.org/10.5902/1980509814570

297
Explanining the vigor... PEREIRA, V. J.

BEWLEY, J. D.; BLACK, M. Physiology and biochemistry of seed in relation to germination: viability,
dormancy and environmental control. Berlin: Springer-Verlag, 1982, 375 p.

BOPPER, S.; KRUSE, M. Development of a non-destructive germination test by measuring seed oxygen
consumption. In: ISTA Congress. Cologne: ISTA, p.1-24, 2010. Available from: <
https://www.seedtest.org/upload/cms/user/ISTA-June18-1400-SympSession5-P2-Bopper-finaleVersion.pdf>.
Acessed in February 15 2019.

BRASIL. Regras para analise de sementes. 1 ed. Brasilia: Ministério da Agricultura, Pecuéria e
Abastecimento, p. 395, 2010.

BROWN, R. F.; MAYER, D. G. Representing cumulative germination. 1. A critical analysis of single-value
germination indices. Annals of Botanu, London, v. 61, p. 117-125, 1988.
https://doi.org/10.1093/oxfordjournals.aoh.a087534

CALIARI, M. F.; SILVA, W. R. Interpretacdo de dados de testes de vigor na avaliacdo da qualidade fisioldgica
de sementes de milho. Revista Brasileira de Sementes, Londrina, v. 23, n. 1, p. 239-251, 2001.
http://dx.doi.org/10.17801/0101-3122/rbs.v23n1p239-251

CAMELIA, T. The vigour of maize seeds. Agricultura, agricultural practice and science journal, Cluj-
Napoca, v. 92, n. 3-4, p. 164-168, 2014. http://dx.doi.org/10.17801/0101-3122/rbs.v23n1p239-251

CARVALHO, E. R; MAVAIEIE, D. P. R.; OLIVEIRA, J. A.; CARVALHO, M. V.; VIEIRA, A.R. A.
AlteracOes isoenzimaticas em sementes de cultivares de soja em diferentes condi¢des de
armazenamento. Pesquisa Agropecudria Brasileira, Brasilia, v. 49, n. 12, p. 967-976, 2014.
https://doi.org/10.1590/S0100-204X2014001200007

CARVALHO, N. M.; NAKAGAWA, J. Sementes: Ciéncia, Tecnologia e producéo. 4" ed. Jaboticabal:
FUNEP, 2000, 580p.

CORBINEAU, F. Markers of seed quality: from present to future. Seed Science Research, Cambridge , v. 22,
s. 1, p. 61-68, 2012. https://doi.org/10.1017/S0960258511000419

DELOUCHE, J. C.; CALDWELL, W. P. Seed vigor and vigor tests. Proceedings of the Association of
Official Seed Analysts, Wichita, v. 60, n. 1, p. 124-129, 1960.

DORNELES, M. C.; RANAL, M. A.; SANTANA, D. G. Germinagao de didsporos de Myracrodruon
urundeuva Allemdo (Anacardiaceae) ocorrente no cerrado do Brasil Central. Revista Brasileira de Botanica,
Sdo Paulo, v. 28, p. 399-408, 2005. http://dx.doi.org/10.1590/S0100-84042005000200018

EGLI, D. B.; TEKRONY, D. M. Soybean seed germination, vigor and field emergence. Seed Science and
Technology, Zurich, v. 23, n. 3, p. 595-607, 1995.

FINCH-SAVAGE, W. E.; BASSEL, G. W. Seed vigour and crop establishment: extending performance
beyond adaptation. Journal of Experimental Botany, Oxford, v. 67, n. 3, p. 1-25, 2015.
https://doi.org/10.1093/jxb/erv490

GOODCHILD, N. A.; WALKER, M. G. A method of measuring seed germination in physiological
studies. Annals of Botany, London, v. 35, n. 3, p. 615-621, 1971.
https://doi.org/10.1093/oxfordjournals.aob.a084504

HENNING, F. A.; MERTZ, L. M.; JACOB JUNIOR, E. A.; MACHADO, R. D,; FISS, G.; ZIMMER, P. D.
Composi¢ao quimica e mobilizag@o de reservas em sementes de soja de alto e baixo vigor. Bragantia,
Campinas, v. 69, n. 3, p. 727-734, 2010. http://dx.doi.org/10.1590/S0006-87052010000300026

Biosci. J., Uberlandia, v. 36, Supplement 1, p. 290-300, Nov./Dec. 2020
http://dx.doi.org/ BJ-v36n0a2020-48957


https://www.seedtest.org/upload/cms/user/ISTA-June18-1400-SympSession5-P2-Bopper-finaleVersion.pdf
https://doi.org/10.1093/oxfordjournals.aob.a087534
http://dx.doi.org/10.17801/0101-3122/rbs.v23n1p239-251
http://dx.doi.org/10.17801/0101-3122/rbs.v23n1p239-251
https://doi.org/10.1590/S0100-204X2014001200007
https://doi.org/10.1017/S0960258511000419
http://dx.doi.org/10.1590/S0100-84042005000200018
https://doi.org/10.1093/jxb/erv490
https://doi.org/10.1093/oxfordjournals.aob.a084504
http://dx.doi.org/10.1590/S0006-87052010000300026

298
Explanining the vigor... PEREIRA, V. J.

HOFS, A.; SCHUCH, L. O. B.; PESKE, S. T.; BARROS, A. C. S. A. Emergéncia e crescimento de plantulas de
arroz em resposta a qualidade fisioldgica de sementes. Revista Brasileira de Sementes, Londrina, v. 26, n. 1,
p- 92-97, 2004. http://dx.doi.org/10.1590/S0101-31222004000100014

INTERNATIONAL SEED TESTING ASSOCIATION [ISTA]. Seed Vigour Testing. International Rules for
Seed Testing, Zurich, Switzerland, 2014.

KARIM, M. A.; UTSUNOMIYA, N.; SHIGENAGA, S. Effect of Sodium chloride on germination and growth
of hexaploid triticle at early seedling stage. Journal Crop Science, Madson, v. 61, p. 279-284, 1992.
https://doi.org/10.1626/jcs.61.279

LABOURIAU, L. G.; VALADARES, M. E. B. On the germination of seeds Calotropis procera (Ait.) Ait.f.
Anais da Academia Brasileira de Ciéncias, Sao Paulo, v. 48, n. 2, p. 263-284, 1976.

MAGUIRE, J. D. Speed of germination - aid in selection and evaluation for seedling emergence and vigor.
Crop Science, Madison, v. 2, p. 176-177, 1962.
https://dl.sciencesocieties.org/publications/cs/pdfs/2/2/CS0020020176

MARCOS FILHO, J. Seed vigor testing: an overview of the past, present and future perspective. Scientia
Agricola, Sao Paulo, v. 72, n. 4, p. 363-374, 2015. http://dx.doi.org/10.1590/0103-9016-2015-0007

MARCOS FILHO, J.; PESCARIN, H. M.; KOMATSU, Y. H.; DEMETRIO, C. G.; FANCELLI, A. L. Testes
para avaliacdo do vigor de sementes de soja e suas relagdes com a emergéncia das plantulas em

campo. Pesquisa Agropecudria Brasileira, Brasilia, v. 19, n. 5, p. 605-613, 1984.
http://seer.sct.embrapa.br/index.php/pab/article/view/15720/9740

MARTINS, L.; SILVA, W. R. Interpretacdo de dados obtidos em testes de vigor para a comparacdo qualitativa
entre lotes de sementes de milho. Revista brasileira de sementes, Londrina, v. 27, n. 1, p. 1930, 2005.
http://dx.doi.org/10.1590/S010131222005000100003.

MCNAIR, J. N.; SUNKARA, A.; FROBISH, D. How to analyse seed germination data using statistical time-to-
event analysis parametric and semi-parametric methods. Seed Science Research, Cambridge, v. 22, n. 2, p. 77—
95, 2012. https://doi.org/10.1017/S0960258511000547

MEROTTO JUNIOR, A.; SANGOI, L.; ENDER, M.; GUIDOLIN, A. F.; HAVERROTH, H. S. A
desuniformidade de emergéncia reduz o rendimento de graos de milho. Ciéncia Rural, Santa Maria, v. 29, n. 4,
p- 595-601, 1999. http://dx.doi.org/10.1590/S010384781999000400004

MIELEZRSKI, F.; SCHUCH, L. O. B.; PESKE, S. T.; PANOZZO, L. E.; PESKE, F. B.; CARVALHO, R. R.
Desempenho individual e de populacdes de plantas de arroz hibrido em funcao da qualidade fisiologica das
sementes. Revista Brasileira de Sementes, Londrina, v. 30, n. 3, p. 86-94, 2008.
http://dx.doi.org/10.1590/S0101-31222008000300012.

MILLER, L. E. Correlations: description or inference?. Journal of Statistical Education, Alexandria , v. 35, n.
1, p. 5-7, 1994,

MONDO, V. H. V.; CICERO, S. M.; NETO, D. D.; PUPIM, T. L.; DIAS, M. A. N. Vigor de sementes ¢
desempenho de plantas de milho. Revista Brasileira de Sementes, Londrina v. 34, n. 1, p. 151-163, 2012.
http://dx.doi.org/10.1590/S0101-31222012000100018.

Biosci. J., Uberlandia, v. 36, Supplement 1, p. 290-300, Nov./Dec. 2020
http://dx.doi.org/ BJ-v36n0a2020-48957


http://dx.doi.org/10.1590/S0101-31222004000100014 
https://doi.org/10.1626/jcs.61.279
https://dl.sciencesocieties.org/publications/cs/pdfs/2/2/CS0020020176
http://dx.doi.org/10.1590/0103-9016-2015-0007
http://seer.sct.embrapa.br/index.php/pab/article/view/15720/9740
http://dx.doi.org/10.1590/S010131222005000100003
https://doi.org/10.1017/S0960258511000547
http://dx.doi.org/10.1590/S010384781999000400004
http://dx.doi.org/10.1590/S0101-31222008000300012
http://dx.doi.org/10.1590/S0101-31222012000100018

299
Explanining the vigor... PEREIRA, V. J.

NERY-SILVA, F. A. Potencial do teste de emergéncia em canteiro para estimar o estabelecimento da
cultura do milho no campo. Tese (Doutorado em agronomia/fitotecnia) — Universidade Federal de Uberlandia,
Uberlandia. 2012.

PEARSON, K. The test of significance for the correlate coefficient. Journal Statistical Association,
Washington, v. 26, n. 174, p. 128-134, 1930. https://doi.org/10.1080/01621459.1931.10503208

PRIMACK, R. B. Variation in the phenology of natural populations of montane shrubs in New Zealand.
Journal of Ecology, London, v. 68, n. 3, p. 849-862, 1980. https://doi.org/10.2307/2259460

RAJJOU, L.; DUVAL, M.; GALLARDO, K.; CATUSSE, J.; BALLY, J.; JOB, C.; JOB, D. Seed germination
and vigor. Annual review of plant biology, Palo Alto, v. 63, n. 3, p. 507533, 2012.
https://doi.org/10.1146/annurev-arplant-042811-105550

RANAL, M. A.; SANTANA, D. G. How and why to measure the germination process?. Brazilian Journal of
Botany, Sao Paulo, v. 29, n. 1, p. 1-11, 2006. http://dx.doi.org/10.1590/S0100-84042006000100002

RIBEIRO-OLIVEIRA, J. P. Tamanho étimo de amostra para analise da qualidade fisiologica de didasporos
de espécies florestais nativas do cerrado. Dissertacdo (Mestrado em Ciéncias Agrarias) - Universidade
Federal de Uberlandia, Uberlandia, 2011.

RIBEIRO-OLIVEIRA, J. P. Dinimica da agua em diasporos de espécies de interesse agricola. Tese
(Doutorado em agronomia/fitotecnia) — Universidade Federal de Uberlandia, Uberlandia, 2015.

RIBEIRO-OLIVEIRA, J. P; RANAL, M. A. Sample size in studies on the germination process. Botany,
London, v. 94, n. 2, p. 103-115, 2015. https://doi.org/10.1139/cjb-2015-0161

RIBEIRO-OLIVEIRA, J. P; RANAL, M. A.; SANTANA. D. G. A amplitude amostral interfere nas medidas de
germinagdo de Bowdichia virgilioides Kunth? Ciéncia Florestal, Santa Maria, v. 23, n. 4, p. 623-634, 2013.
http://dx.doi.org/10.5902/1980509812346

SANTANA, D. G.; RANAL, M. A. Analise da germinacio: um enfoque estatistico. Brasilia: Editora UnB,
2004. 248p.

SANTANA, D. G.; RANAL, M. A. Analise estatistica na germinagdo. Revista Brasileira de Fisiologia
Vegetal, Campinas, v. 12, p. 205-237, 2000.

SANTANA, D. G; ANASTACIO, M. R.; LIMA, J. A; MATTOS, M. B. Germinagio de sementes e emergéncia
de plantulas de pau-santo: uma analise critica do uso de correlagdo. Revista Brasileira de Sementes, Londrina,
v. 32, p. 134-140, 2010. http://dx.doi.org/10.1590/S0101-31222010000300015.

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

SCOTT, S. J.; JONES, R. A.; WILLIANS, W. A. Review of data analysis for seed germination. Crop Science,
Madison, v. 24, p. 1192-1199, 1984. https://doi.org/10.2135/cropscil984.0011183X002400060043x

SHABAN, M. Review on physiological aspects of seed deterioration. International Journal of Agriculture
and Crop Sciences, London v. 6, n. 11, p. 627-631, 2013.

SHANNON, C. E. A mathematical theory of communication. The Bell System Technical Journal, v. 27, p.
379-423, 1948. https://doi.org/10.1002/j.1538-7305.1948.tb01338.x

Biosci. J., Uberlandia, v. 36, Supplement 1, p. 290-300, Nov./Dec. 2020
http://dx.doi.org/ BJ-v36n0a2020-48957


https://doi.org/10.1080/01621459.1931.10503208
https://doi.org/10.2307/2259460
https://doi.org/10.1146/annurev-arplant-042811-105550
http://dx.doi.org/10.1590/S0100-84042006000100002 
https://doi.org/10.1139/cjb-2015-0161
http://dx.doi.org/10.5902/1980509812346
http://dx.doi.org/10.1590/S0101-31222010000300015
https://doi.org/10.1590/0102-33062017abb0322
https://doi.org/10.2135/cropsci1984.0011183X002400060043x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x

300
Explanining the vigor... PEREIRA, V. J.

SOLTANI, E.; GHADERI-FAR, F.; BASKIN, C. C.; BASKIN, J. M. Problems with using mean germination
time to calculate rate of seed germination. Australian journal of botany, Sidney, v. 63, n. 8, p. 631-635, 2015.
https://doi.org/10.1071/BT15133

TEKRONY, D. M.; EGLI, D. B. Relationship of seed vigor to crop yield: a review. Crop Science, Madison, v.
31, n. 3, p. 816-822, 1991 https://doi.org/10.2135/cropscil991.0011183X003100030054x

TEKRONY, D. M.; EGLI D. B.; WICKHAM, D. A. Corn seed vigor effect on no-tillage field performance. II.
Plant growth and grain yield. Crop Science, Madison, v. 29, n. 6, p.15281531, 1989.
https://doi.org/10.2135/cropscil989.0011183X002900060043x

VESELOVA, T. V.; VESELOVSKY, V. A.; OBROUCHEVA, N. V. Deterioration mechanisms in air-dry pea
seeds during early aging. Plant Physiology and Biochemistry, London, v. 87, p. 133-139, 2015
https://doi.org/10.1016/j.plaphy.2014.12.019

Biosci. J., Uberlandia, v. 36, Supplement 1, p. 290-300, Nov./Dec. 2020
http://dx.doi.org/ BJ-v36n0a2020-48957


https://doi.org/10.1071/BT15133
https://doi.org/10.2135/cropsci1991.0011183X003100030054x
https://doi.org/10.2135/cropsci1989.0011183X002900060043x
https://doi.org/10.1016/j.plaphy.2014.12.019

