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Abstract

Finding qualified standard plants is an essential requirement in the search for high-quality pasture, fact that involves knowledge
about the performance of the assessed seeds. Therefore, the aim of the present study was to evaluate the influence of seed weight
on the germination behavior of Paspalum regnellii seeds through the logistic growth model. The adopted values were taken from
an experiment conducted in 2016 under laboratory conditions. A pneumatic separator was used to select four seed classes,
depending on the weight of one thousand seeds namely: Extra light, light, middle and weighted. The logistic model was adjusted to
data about the germination rate of each class, and the parameters were compared through the F test. Germination rates between
classes were compared based on recorded parameters and on model critical points. The logistic model adjusted well to the values
and made it possible to use the parameters and critical points of the curve to describe the germination process. In addition to have
low germination rate, seeds in the light-weight batch demanded longer to complete this process. Based on estimates about the
parameters and the critical points of the model, the weighted-weight seeds were superior in terms of quality than seeds in the
other batches, since they recorded higher germination rate in a shorter period-of-time.

Keywords: Seed quality, weight of one thousand seeds, logistic model, growth models.
Abbreviations: EL_ Extra light; L_Light; M_Middle; W_Weighted; MAP_Maximum acceleration point; IP_Inflection point; MDP_

Maximum deceleration point; ADP_ asymptotic deceleration point; WOTS_weight of one thousand seeds; WC_Water content.

Introduction

The genus Paspalum ranks prominent positions in almost all shaded environments and such characteristic makes the
herbaceous communities in different ecosystems in South species recommended for silvipastoral systems.

America. This genus, besides encompassing a large number The point of establishment (animal entry moment) in the
of native forage species presenting high potential for genetic pasture implantation and use processes is an important
improvement due to the great intra and interspecific forage-cycle component. The shorter the time to establish
variability of its species, is considerably adaptable to the pasture, the greater the use of available resources. This
different ecosystems. (Pereira et al., 2012; Novo et al., process results in less competition with invasive species and
2016). in productivity increase during the productive period (Cunha,
The Paspalum regnellii taxon is one of the species with the 2015). It is necessary to know the quality of the seeds in
potential for forage production, which was described by order to achieve a vigorous establishment, since this process
Mez, and cited by Coradin et al. (2011). This taxon presents depends on rapid and uniform seed emergence. However,
perennial cycle and erect growth habit; therefore, it can the insufficient work involving seeds of species belonging to
reach more than 100 cm in free growth. According to genus Paspalum, with emphasis to seed production,
Primavesi et al. (2008), biomass production is excellent for processing and quality, limits the introduction of plants with
environment enhancement, with emphasis to soil fertility promising forage potential (Verzignassi et al., 2008).
correction and to irrigation. Meirelles et al. (2013) assessed Seed selection based on weight allows removing the lighter,
the productivity of this species and reported its favorable immature or damaged seeds, which also allows qualifying
characteristics for animal pasture production based on its the seed batch (Melo et al., 2016a). According to Ambika et
good response to intensification levels and on the al. (2014), separating seeds into different weight classes
minimization of negative effects of seasonality. According to allows the selection of more vigorous seeds, which are
Barro et al. (2012), P. regnellii records good adaptation to capable of withstanding adverse events in the field, fact that
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leads to more uniform emergences. Qualitative differences
between seeds in the same batch can cause heterogeneous
performance in the field in the absence of the screening
process.

Growth models based on germination behaviors can be used
to set the quality of different seed batches, since they are
adjusted according to the sigmoidal character shown by this
phenomenon. The choice for the model that best
represented the growth curve was based on the quality of its
adjustment to the data and on its biological interpretation of
the parameters. Different types of statistical models can be
adopted depending on their ability to facilitate the
interpretation of processes involved in plant production.
Several growth models, such as Logistico, Gompertz, Von
Bertalanffy, Richards and Weibull, can be employed to
model the seed (Espigolan et al., 2013). Some of these
models have already been used to compare the potential of
different seed batches (Gazola et al.,, 2011; Sousa et al.,
2014); however, their use remains restricted to fit the model
to the data; their interpretation is limited to model
parameters.

Growth models have biological interpretation parameters
capable of increasing result inferences. The asymptote can
be used to determine the final germination rate. The scale
parameter, which is related to the difference between the
initial and asymptote observations, can be applied to
describe the earliest germination start. Finally, the growth
rate can be adopted to compare germination speed
(Mischan et al., 2011). In addition to the parameters, the
following critical points can be obtained from partial
derivatives of the independent variable: maximum
acceleration point (MAP), inflection point (IP), maximum
deceleration point (MDP) and asymptotic deceleration point
(ADP). MAP sets the moment when germination speed
(acceleration) increase gets to its maximum. IP determines
the moment when germination speed is in its maximum; it
determines the moment when acceleration turns to
deceleration. MDP sets the moment after deceleration start,
when emergence speed reduction gets to its maximum.
Finally, ADP determines the moment when germination
increase becomes insignificant (Mischan and Pinho, 2014).
The application of the F test between nested models helps
differentiating treatments. When it comes to seeds, the
models can be adjusted to different seed batches and the
behavior can be compared by using the dummy’s variables.
Thus, complete models, in which each batch has a specific
parameter, can be compared through the F test to the
reduced models, whose parameters are the same (Mischan
and Pinho, 2014). The model parameters can be individually
compared through the same approach.

It is clear that non-linear regression models can lead to
increased inference of germination results. These models
may help better understanding the herein addressed
phenomenon; therefore, the objective of the present study
was to evaluate the use of logistic nonlinear models, as well
as the biological parameters and critical points of seed
germination data of four P. regnellii plots based on the
weight of one thousand seeds.

Results and Discussion

The increased ventilation intensity led to significant
differences in the weight of one thousand seeds among the
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four established classes (Table 1). Such outcome was
expected, since it is common recording heterogeneity in the
specific weight observed in evaluations focused on the
quality of forage grass seeds (Silva et al, 2007; Hessel et al.,
2012). According to Ambika et al. (2014), size and weight
heterogeneity within a seed batch is commonly verified,
since, according to the same author, these characteristics
are influenced by the environment, by plant development
and also by the practices adopted throughout the
production cycle.

Batista and Godoy (1998) reported no homogeneity in seed
quality when they evaluated the seed production and quality
of 215 accessions belonging to genus Paspalum and
recorded the variability of viable seeds’ production. The
same authors highlighted the influence of desynchronization
on the flowering process.

Although there was weight differences between classes,
there was no significant variation in the water content of the
seeds; values close to 9% were maintained (Table 1).
According to the proposition by Coimbra et al. (2009), water
homogeneity content in dispersion units is essential to avoid
test impairments due to the metabolic activity in the seeds.
Germination values collected through the standard test
allowed verifying that the logistic model was adjusted to
values recorded for each of the evaluated classes.
Nonlinearity, which was measured according to the
methodology by Bates and Watts (1988), was lower than 1,
and the normality, homogeneity and independence
assumptions of the residues were observed (Table 2). This
outcome shows that the estimated parameters were biased
and efficient (minimum variance), as well as that the model
can be used to describe the germination of P. regnellii seeds.
The germination rate of P. regnellii seeds significantly
changes between the evaluated classes, such changes were
proportional to the seed weight increase (Figures 1 e 2).
Asymptote evidenced that the weighted class presented
statistically higher rates than the other classes, thus it
reached 64% germination. There was reduction in the
weight of one thousand seeds among the lighter seeds,
which showed germination rate decrease, as observed in the
middle (57%), light (49%) and extra light (33%) classes
(Figures 1 e 2).

The recorded values allowed verifying that the germination
rate of P. regnellii seeds belonging to the weighted class
stayed within the standards established for the
commercialization of seed species belonging the genus
Paspalum in Brazil. Seed batches composing the category of
basic seeds of forage species belonging to genus Paspalum
need to present 60% germination (minimum) in order to be
commercialized, if one takes into account the normative
instruction number 30, which was regulated in May 21st,
2008 (Brasil, 2008).

The herein observed difference in the germination rate of
the assessed batches is often verified between seed batches
that record different weights. Similar to what was observed
in the current study, Hessel et al. (2012) has concluded that
heavier weight Brachiaria brizanta seeds show higher
germination rates due to intrinsic characteristics of this grass
species, which usually presents low germination potential.
Similar results were recorded by Melo et al. (2016a) when he
treated Panicum maximum cv. Mombaga. According to him,
the highermean weight of treated seeds allows improving
the physical and physiological qualities.



Table 1. Weight of one thousand seeds (WOTS) and water content (WC) values of Paspalum regnellii seeds fractionated in the Extra
light, Light, Middle and Weighted classes.

Classes Variables
WOTS (g) WC (%)
Extra light 0,62+0.01D’ 8,36+0.28 A
Light 0,96+0.04 C 8,91+0.3 A
Middle 1,03+0.02 B 8,30+0.17 A
Weighted 1,13+0.02 A 9,07+0.19 A
" Means followed by the same letter in the column do not differ by the Tukey test at 5% probability
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Fig 1. Adjustment of the logistic model (A), germination speed (B) and germination rate acceleration (C) adjusted for Paspalum
regnellii seeds fractionated in the Extra light, Light, Middle and Weighted classes.

Table 2. P values from the Shapiro Wilk normality tests, Breusch-Pagan homogeneity and Durbin Watson independence applied on
the residues in Paspalum regnellii seeds fractionated in the Extra light, Light, Middle and Weighted classes.

Classes Shapiro Wilk Breusch-Pagan Durbin Watson
Extra light 0.06 0.33 0.66
Light 0.05 0.57 0.56
Middle 0.05 0.54 0.49
Weighted 0.05 0.56 0.58
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Fig 3. The abscissa values of the maximum acceleration point (MAP), inflection point (IP), maximum deceleration point (MDP), and
asymptotic deceleration point (ADP) of the logistic model adjusted for Paspalum regnellii seeds fractionated in the Extra light, Light,

Middle and Weighted classes.

Ambika et al. (2014) highlighted the differences in the
germination potential of dispersion units; uneven weights
result from high-weight seeds, which are characterized by
well-formed embryos enriched with a higher reserve content
than the lighter seeds. The low germination rate recorded
for light P. regnellii seeds is in agreement with the results of
the study by Mertz (2007) with cawpea seeds, in which the
separation of the seeds through the gravitational table
provided positive changes in the physiological and sanitary
quality of the seeds. According to recent studies,
contamination by pathogens can be positively correlated to
seed weight. Based on Melo et al. (2017), Panicum
maximum cv. “Tanzania” seeds recording lower one
thousand seeds weight show higher rate of contamination
by fungus than weighted seeds. The germination process in
each of the assessed classes was better characterized by the
critical point (Figures 1 and 3). The maximum acceleration
point (MAP), which characterizes the maximum speed
germination increase, points towards uniformity between
values recorded for the evaluated classes (approximately
2.5 days). However, values recorded at the inflection point
(IP) highlight that the light, middle and weighted classes
reached their maximum germination rate after 2.5 days,
whereas the extra light class only reached this point at day 4
(Figure 3). The scale parameter showed the shorter
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exponential growth time in the light, middle and weighted
classes, in comparison to the extra light class. However, the
weighted seeds batch is the one with the highest
germination rate among the four classes. The extra light
batch had low germination rate; therefore, it required longer
to reach IP, as well as to complete the germination process.
Such outcome was corroborated by the production rate and
by the asymptotic deceleration point (ADP) (Figures 2 and 3).
The present results comply with the ones reported by other
authors Melo (2016b), and show the importance of applying
vigor tests to forage species. Faster germination speed
resulting from seed weight gain was also reported by Larsen
and Andreasen (2004) in his study about forage species
Festuca rubra, Lolium perene and Poa pratensis. Likewise,
Silva et al. (2007) concluded that the higher mean weight of
Bromus seeds promoted vigor increase in comparison to
lighter seeds. Maximum deceleration point values (MDP)
allowed infering that lighter seeds batches lasted longer
than other batches in the period when germination is
significant; germination increases at day seven (Figure 2).
The scale parameter showed that, although there was no
statistical difference in the germination speed of the
different batches, its magnitude influenced the critical point
moments at seed germination (Figure 1). In addition to
presenting higher germination rates, the weighted batch
required shorter to complete the aforementioned step than



batches composed of lighter seeds. The applied laboratory
tests evidenced that the germination speed of a given batch
is essential for vigor determination. The appropriate speed
to allow the germination process to take place is linked to
seed weight and size. The faster germination speed process
in the batch of larger seeds is directly associated with their
greater enzymatic efficiency to degrade the reserves. Mino
and Inoue (1994) in hybrid vigor assessment, they found that
the rapid activation of metabolic function in the embryo
after water uptake is due to the heterotic F1 hybrid
genotype, which is considered a key factor in the mechanism
by which the heterotic F1 hybrid expresses its hybrid vigor in
seed germination.

Materials and Methods
Experimental data collection

The experiment was conducted in the Laboratory of Seed
Analyses of Embrapa Southern Region Animal Husbandry.
Paspalum regnellii seeds of access BRA-007382 harvested in
an experimental area of the same unit in Bagé, RS, Brazil,
were used in the experiment. Seeds were stored in plastic
containers in laboratory environment (20°C + 3°C) for six
months until the time the tests were installed. Four different
classes were determined in the Deleo® brand, General
model, in order to assess seed weight influence. The classes
were set based on the following ventilation intensities: 0.0
(extra light); 2.0 (light); 4.0 (middle) and 6.0 (weighted).
Intensity values represented ventilation slot width. The
following evaluations were carried out for class potential
comparison and differentiation purposes: weight of one
thousand seeds - determined through eight subsamples
composed of 100 seeds removed from the pure portion of
the seeds and individually weighed on precision scale (0.001
g) (Brasil, 2009). Water content was determined through the
oven method at 105°C + 3°C, for 24 h. Two replicates
(approximately 2 g each) were used in each class (Brasil,
2009). The accumulated mean germination of six replicates
(50 seeds per weight class) was assessed. The seeds were
placed in germinal boxes under germitest type paper
moistened with water (2.5 times the dry-substrate mass).
The boxes were placed in germinating chamber type
Biological Oxygen Demand for 27 days after sowing under
permanent light and constant temperature 30°C, according
to the methodology proposed by Oliveira et al. (2013) for
this species. The germinated seeds were counted every two
days until the end of the test. The ones recording at least 2
to 3.0 mm long radicles were taking into consideration
(Nakagawa, 1999).

Data analysis

The logistic model was adjusted in the four seed batches:

B

Yi - 1+ e(ﬁz*ﬁéti) té&

where Y was the germination value (in %), ti was time, B1
was the parameter representing the asymptotic value, B2
was the parameter reflecting the distance between the
initial value and asymptote, B3 was the parameter
associated with the growth rate.

The parameters were estimated based on the ordinary least
squares method by using the iterative Gauss-Newton
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method. Subsequently, the Shapiro-Wilk, Breusch-Pagan and
Durbin-Watson tests were applied to verify residue
normality, homogeneity and independence, respectively
(Ritz and Streibig, 2008). The quality of the adjustment done
in the logistic model in each of the evaluated class was
performed by checking the nonlinearity of the model based
on the Bates and Watts (1998) curvature method.

Model identity tests were constructed by using the dummy's
indicator variables (Dj) to assess equity between model
parameters:

Di = {1, if the observation belongs the class k
7=, Otherwise

Wherein, j represented the assessed batches. The intention
was to compare a complete model (w) through this test.
Such model presents different batch parameters in
comparison to the reduced model (Q), which presents
common batch parameters. The complete model would be
given by:

k
D ol BV T
I ) |

Where ti indicates the days; j = 1, 2, ..., k indicates that the
observation belongs to lot k. It is observed that in this case,
for each batch (j) there is a parameter. A reduced model
would be given by:

k
=} 1+e(ﬂzj—ﬂ31ti)

In this case, the parameter B1 is common to k lots. The null
hypothesis would be HO: 11 = B12 = ... = B1k. From the
methodology described above, we verified whether or not
null hypotheses were rejected considering a significance
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The comparison between the complete and reduced models
was performed using the F test (Ritz and Streibig, 2008). The
value of calculated F was calculated by:

Feaic
[fgSError () — SSerror ((D)]/[DFError(Q) — DFgrror (U))]

MSError (0.))

The calculated F has distribution F [u, Degrees Freedom (DF)
Error (w)] under HO, where v is equal to the difference
between the DF Error of the complete and reduced model.
Finally, the critical point coordinates resulted from partial
derivatives of the independent variable. The inflection point
(IP) was obtained by equating the second order derivative to
zero. The maximum acceleration (MAP) and deceleration
(MDP) points were obtained by zeroing the third-order
derivative of the model. The asymptotic deceleration point
(ADP) was obtained by equating the fourth order derivative
to zero (Mischan et al., 2011). The curves of the model and
the derivatives of first and second order were graphically
represented in order to help interpreting the results. All
analyses were carried out in the R software (R Core Team,
2014).

Conclusion

The non - linear logistic regression model allowed describing
the germination of Paspalum regnellii seeds. Its parameters
and critical points made it possible to increase result
inferences by improving a better understanding about the
germination process as seed weight function. Overall, there
was direct relation between seed weight and germination
rate. Weighted class seeds, besides recording higher
germination rate, also presented faster speed to conclude
this stage than classes composed of lighter seeds.
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