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Abstract

Germination tests are essential tools in the characterization of seed lots. However, there is no recommendation 
for conducting the germination test for Parapiptadenia blanchetii (Benth.). The information about the species 
is limited to taxonomic studies and distribution area. The present study aimed to determine a criterion for 
the duration of the germination test of P. blanchetii seeds, with greater speed and efficiency, at different 
temperatures. The experiment was carried out at temperatures of 20, 25, 30 and 35°C, with four replications of 25 
seeds. The germination curve was fitted by plateau-response regression models: segmented linear with plateau 
(LPM) and segmented quadratic with plateau (QPM). For germination, the QPM showed the best fit at 20°C 
and 25°C. However, at temperatures of 30°C and 35°C the performance of the two models was similar. For the 
formation of normal seedlings, the best fit of the data was obtained with QPM at temperatures of 25°C and 30°C, 
for the other temperatures the LPM showed better performance. The duration of germination tests depends on 
the germination criterion and on the temperature. For germination tests conducted at temperatures of 30°C 
or 35°C, for the criterion of root protrusion, a single count on the fourth day after sowing is recommended. To 
assess the formation of normal seedlings, performing first and second count, at six and nine days, is suggested.

Keywords: germination, regression models, plateau-response model, temperature

Introduction	
Germination tests are indispensable tools in the 

characterization of seed lots, because they express the 
capacity of a given lot to produce viable seedlings (Brasil, 
2013). Many aspects should be considered to ensure that 
germination tests conducted in laboratory are efficient 
in estimating performance under field conditions. 
Temperature, light and substrate are factors that exert 
a strong influence on germination and are also the most 
investigated in laboratory tests. 

The germination test should be performed in 
sufficient time to achieve the proposed objectives. Shorter 
duration of the tests results in lower operational costs and 
lower risks of proliferation of pathogenic microorganisms 
(Caldeira et al., 2015; Michelon et al., 2021). 

Temperature influences the time required for 
germination. Within the optimal temperature range for 
germination, the increase in temperature accelerates 

the absorption of water by the seed, due to biochemical 
changes in membrane structure and increased activity of 
hydrolytic enzymes, which interferes in germination time 
(Bewley et al., 2013; Nikolić et al., 2021). For temperatures 
below optimal, delays in germination are expected. 
Temperatures above optimal can, up to a certain 
magnitude, accelerate germination, but usually there is 
a reduction in the amount of germinated seeds, to the 
point of making this process unfeasible (Tanveer et al., 
2020). 

Although studies on methods of determining the 
duration of germination tests are scarce, Tomaz et al. 
(2010, 2015, 2016) and Guimarães et al. (2013) conducted 
studies on this theme, successfully employing segmented 
plateau-response regression. The determination of the 
duration of germination tests, by fitting the germination 
curves, using segmented regression models, contributes 
to improving the techniques used in the area of seed 
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technology. 
Despite the efforts of seed researchers and 

agricultural input regulatory agencies, there is a lack 
of definition of protocols for germination tests for native 
species in Brazil (Freitas et al., 2019; Carvalho et al., 2021). 
The Instructions for Analysis of Seeds of Forest Species 
(Brasil, 2013) do not describe protocols for conducting 
germination tests for Parapiptadenia blanchetii (Benth.) 
Vaz e M. P. Lima.

P. blanchetii is a native species of tree habit, 
belonging to the Fabaceae family, popularly known in 
Portuguese as ‘fava’, ‘faveiro’, ‘fava-preta’ and ‘fava-
cabocla’, found in the states of Bahia and Pernambuco 
(Flora e Funga do Brasil, 2022; Ribeiro et al., 2016). 
Information about this species is limited to taxonomic 
studies and distribution area (Lima & Lima, 1984; Ribeiro 
et al., 2016). 

The present study aimed to determine a criterion 
for the duration of the germination test of P. blanchetii 
seeds, with greater speed and efficiency, at different 
temperatures.

Material and Methods
The experiment was conducted at the Laboratory 

of Ecology and Forest Restoration of the Forest Engineering 
sector of the Federal University of Recôncavo da Bahia, 
at the campus of Cruz das Almas, Bahia, Brazil. 

The seeds of P. blanchetii used in the study were 
obtained from fruits collected from two trees located in 
the municipality of Cruz das Almas-BA (12° 39' 21.1" S / 39° 
04' 56.2" W) with an average altitude of 225 m. According 
to Köppen’s classification, the climate of the region is 
of transition from Am to Aw (subhumid tropical to dry), 
the average annual temperature is 24.2°C, with annual 
relative humidity of 80% and average annual rainfall of 
1200 mm.

The collected fruits were manually processed 
and the seeds were stored in a glass container under 
uncontrolled conditions, in a laboratory environment, 
until the germination tests were set up. Seed moisture 
content (11.30%) was determined by the oven method at 
105 ± 3°C for 24 h (Brasil, 2009). 

The experiment was conducted in a completely 
randomized design, with four treatments, corresponding 
to temperatures of 20, 25, 30 and 35°C, and four replicates 
of 25 seeds. 

The seeds were arranged in a substrate consisting 
of a roll of germination paper, moistened with distilled 
water in the amount equivalent to 2.5 times the weight of 
the paper (Brasil, 2009), and placed in transparent plastic 
bags. The rolls were deposited in B.O.D (Biochemical 

Oxygen Demand)-type germination chambers with 
temperature control and photoperiod of 12 h of light.

Daily counts of the following variables were 
performed: number of germinated seeds, according to 
the root protrusion criterion (Bewley et al., 2013), and 
numbers of normal seedlings, corresponding to those 
with all the essential structures well developed and 
proportional (Brasil, 2009). The counts were performed 
until 22 days after the beginning of the tests, when it was 
observed, in all treatments, that all viable seeds formed 
normal or abnormal seedlings. No hard seeds were 
observed in the experiment; the seeds germinated or 
deteriorated. 

The germination curve was constructed, based 
on the criterion of radicle protrusion and formation of 
normal seedlings, for the temperatures of 20, 25, 30 and 
35°C, by fitting the plateau-response regression models: 
segmented linear with plateau (LPM) and segmented 
quadratic with plateau (QPM). LPM assumes two 
segments; the first segment describes an increasing curve 
up to a certain point of the ordinate, corresponding 
to the plateau, and from this point on, the ordinate 
assumes a constant value, corresponding to the second 
segment (Guimarães et al., 2013). QPM is characterized 
by an increasing phase, described by a second-degree 
equation and, after stabilization, by a plateau (Malafaia 
et al., 2015).

The LPM model is given by: a+bxi+ei, if xi ≦xc; P+ei, 
if xi > xc; where xi: time in days; xc= stabilization time at 
which the linear model reaches the plateau in relation 
to the abscissa; P= coefficient of variation at the plateau 
point; a= intercept; b= angular coefficient of the linear 
segment; ei= random error. The QPM model is given by: 
a+bxi+cx2+ei; if xi ≦xc., being described by the quadratic 
model, and if xi > xc, it is described by a plateau (constant). 
The interception point of the segments (quadratic or 
plateau) was considered the point of stabilization of 
germination or formation of normal seedlings.

The models were fitted by the least squares 
and Gauss-Newton method, through the nls function 
in R software version 4.0.2 (R Development Core Team, 
2020). For the selection of the most appropriate model, 
the following parameters were used: deviance value, 
standard deviation, coefficient of determination (R2), 
Akaike information criterion (AIC) (Akaike, 1974) and 
Bayesian information criterion (BIC) (Schwarz, 1978), for 
which the lowest value corresponds to the best fit for 
these criteria (Emiliano et al., 2014).

Results and Discussion
For each temperature, the performance of 
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quadratic and linear segmented plateau-response 
models was compared for germination, based on the 
protrusion of the primary root (Figure 1-A; Table 1), and 
for the formation of normal seedlings (Figure 1-B; Table 2).

For germination, according to the criterion of 
primary root protrusion, the quadratic plateau-response 

model showed the best fit at the temperatures of 20°C 
(Table 1; Figure 2-A) and 25 °C (Table 1; Figure 2-B), 
with lower values of AIC, BIC and deviance. However, 
at temperatures of 30°C (Table 1; Figure 2-C) and 35°C 
(Table 1; Figure 2-D), the performance of the two models 
was similar.

Figure 1. Primary root protrusion (A) and normal seedlings (B).

Table 1. Comparison of quadratic and linear plateau-response models for the germination curve (primary root protrusion) of seeds 
of Parapiptadenia blanchetii (Benth.) Vaz e M. P. Lima at temperatures of 20, 25, 30 and 35 °C

Temperature 20 °C 25 °C 30 °C 35 °C
Q Linear Q Linear Q Linear Q Linear

TSG (days) 7.3 5.5 4.3 3.4 3.4 3.1 3.3 3
%G in TSG 86.49 86.06 94.9 94.79 93.37 93.37 92.68 92.68

%S 14.79 14.82 9.37 9.39 9.95 9.95 4.82 4.82
R2 0.83 0.83 0.77 0.77 0.77 0.77 0.92 0.92

AIC 650.24 650.52 602.52 602.81 610.81 610.81 488.53 488.53
BIC 659.96 660.25 612.25 612.53 620.54 620.54 498.25 498.25

Deviance 10287.25 10321.76 5829.1 5848.63 6433.68 6433.68 1500.42 1500.42
Where: Q: quadratic; TSG: time required for stabilization of germination; %G: germination percentage; %S: standard deviation in percentage; R2: coefficient of determination; AIC: Akaike information criterion; 
BIC: Schwarz’s Bayesian information criterion
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Figure 2. Stabilization time for germination of seeds of Parapiptadenia blanchetii (Benth.) Vaz e M. P. Lima in response to 
temperature. 20 °C (A), 25 °C (B), 30 °C (C) and 35 °C (D).

Table 2. Comparison of quadratic and linear plateau-response models for the curve of formation of normal seedlings of Parapiptadenia 
blanchetii (Benth.) Vaz e M. P. Lima at temperatures of 20, 25, 30 and 35°C

Temperature
20°C 25°C 30°C 35°C

Q Linear Q Linear Q Linear Q Linear
TSN (days) 20 14.6 10.5 9.2 8.6 7 8.7 7.8

%G in TSN (%) 84.64 80.88 81.53 81.39 81.61 81.47 83.05 82.8
%S 36.25 39.42 11.01 11.25 14.03 14.03 11.18 11.07
R2 0.78 0.75 0.84 0.83 0.56 0.56 0.86 0.87

AIC 608,67 597.29 482.26 485.19 522.35 522.36 488.53 487.1
BIC 617.55 606.17 491.14 494.07 531.23 531.24 497.41 495.98

Deviance 27310.65 23102.1 4255.86 4443.11 7674.57 7674.93 4666.74 4569.6
In which: Q: quadratic, TSN: time required for stabilization of formation of normal seedlings, %S: standard deviation in percentage, R2: coefficient of determination, AIC: Akaike information criterion, BIC: Schwarz’s 
Bayesian information criterion, %G: germination percentage. 
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For the formation of normal seedlings (Table 
2), a better fit was obtained with the quadratic plateau-
response model at the temperatures of 25°C (Table 2; 
Figure 3-B) and 30°C (Table 2; Figure 3-C); however, for 
the other temperatures (Table 2; Figures 3-A and 3-D), the 
linear plateau-response regression model showed better 
performance. At 30°C (Table 2), the differences between 
the model selection criteria were very small between the 
quadratic plateau and the linear plateau models.

Selecting regression models is a difficult step, 
and the AIC and BIC criteria are robust tools to assist in 
this step. Brewer et al. (2016) state that in the case of 
homogeneous variances the two criteria show similar 
performance, but in the presence of heteroscedasticity 
BIC is more indicated. Under the conditions of this study, 
both for radicle protrusion and for normal seedlings, 
the two criteria coincided in the indication of the best 
fit, which results in greater reliability in the choice of the 
equations obtained. 

Based on the parameters of the fitted models and 
rounding the stabilization time up to the closest value, the 
duration of germination tests in a controlled environment 
for P. blanchetii seeds was defined (Table 3). The records 
of the first germination and first normal seedling (Table 
3) were presented in the evaluation worksheets, without 
statistical treatment. 

The germination tests, at different temperatures, 
performed for P. blanchetii revealed that germination 
(p-value = 0.4) and normal seedling formation (p-value 
= 0.7) were high (> 80%) and did not differ between the 

Figure 3. Stabilization time for the formation of normal seedlings of Parapiptadenia blanchetii (Benth.) Vaz e M. P. Lima in 
response to temperature. 20 °C (A), 25 °C (B), 30 °C (C) and 35 °C (D).

temperatures evaluated. However, through the fits of 
the germination curves, using the segmented linear with 
plateau model (LPM) and the segmented quadratic with 
plateau model (QPM), it was possible to observe that 
the germination was late at the temperature of 20 °C, 
compared to the temperatures of 25, 30 and 35°C. The 
shortest time required to perform germination tests for P. 
blanchetii was observed at temperatures of 30 °C and 
35 °C.

After water, temperature is the most important 
factor for germination. Very high or very low temperatures 
can influence the speed of imbibition, altering metabolic 
activities (Bewley et al., 2013). The increase in temperature 
favors the absorption of water by the seed as a result 
of the simplification of the water molecule (Khazaei & 
Mohammadi, 2009). After the minimum temperature, 
at which the seed germinates, temperature increments 
can accelerate germination, up to a point where the 
temperature increase begins to inhibit the germination 
process. The time required for activation of the germination 
process, which begins immediately after the water is 
imbibed by the seed, depends on the characteristics of 
the species, as well as on the temperature applied to 
it (Ataíde et al., 2016). Castilho et al. (2019) found that 
temperatures above 30°C can accelerate imbibition, 
due to changes in the cell membrane (Bewley et al., 
2013).

The longer the period of conduction of 
germination tests, the higher the risks of proliferation of 
pathogenic microorganisms (Tomaz et al., 2010; Caldeira 
et al., 2015; Michelon et al., 2021), in addition to more 
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time and resources spent in the procedure (Guimarães et 
al., 2013; Tomaz et al., 2016; Michelon et al., 2021). 

Considering germination based on the radicle 
protrusion criterion, a single count on the fourth day for 
temperatures of 30°C or 35°C and on the fifth day for 
temperature of 25°C is recommended for P. blanchetii. 
However, if the criterion evaluated is the formation of 
normal seedlings, two counts will be required, at 6 and 
9 days after sowing for tests conducted at 30°C or 35°C 
and at 6 and 11 days for tests conducted at 25 °C (Table 
3). According to the recommendations of Brasil (2013), 
the first count can be performed at times from three to 
ten days, and germination tests with less than 10 days do 
not require a first count. 

In the Rules for Seed Analysis (Brasil, 2009), as 
well as in the Instructions for Analysis of Seeds of Forest 
species (Brasil, 2013), there are no recommendations 
on germination protocols for P. blanchetii. However, in 
Brasil (2013), there are recommendations of germination 
protocols for two species of the genus Parapiptadenia: 
initial and final counts at 7 and 16 days for Parapiptadenia 
pterosperma (Benth.), and initial and final counts at 7 and 
14 days for Parapiptadenia rigida (Benth.).

The time for counting in germination tests is little 
discussed, but studying it allows identifying the condition, 
such as temperature, which promotes the shortest 
time to reach maximum germination, or it may also be 
an indication of vigor. Oliveira et al. (2014) used it as a 
criterion for classification of vigorous seedlings, those 
that were well-developed and normal on the first day 
of count, performed four days after sowing. Santos et 
al. (2020), when working with different cowpea cultivars, 
classified with greater vigor the cultivar that had the 
highest percentage of normal seedlings in the first count. 
Thus, the vigor of a seed lot can be determined from the 
germination development of the seed observed at the 
first count. 

The fits of segmented plateau-response models 
contributed to the determination of the duration of 
germination tests and intervals between counts for P. 
blanchetii, reducing the subjectivity of the analysis. The 

segmented plateau-response models have also been 
successfully used in studies conducted to improve 
germination tests of species of agricultural importance, 
in which the authors sought evidence to reduce the 
duration of the germination test for these species. 
Guimarães et al. (2013) used a segmented regression 
model to fit the germination curve of Coffea arabica L. 
seeds, in order to propose a modification in the duration 
of the standard germination test for the species. Tomaz 
et al. (2010), when fitting a regression model to the 
data, proposed a considerable reduction in the time 
of germination of Tanzania grass seeds compared to 
that recommended by Brasil (2009). Tomaz et al. (2016) 
evaluated the germination percentage of Brachiaria 
humidicola (Rendle) with regression model and found the 
need to reduce the time of the germination test from 21 
to 10 days. Michelon et al. (2021) analyzed seeds of Pinus 
taeda L. with regression models, to define an efficient 
criterion that reduces the duration of germination tests.

Conclusions
The duration of germination tests depends on 

germination criterion and temperature. The evaluation of 
the root protrusion criterion can be performed with a single 
count on the fourth day after sowing, at temperature of 
30°C or 35°C, making it possible to reduce the evaluation 
period.

The evaluation of normal seedlings at temperature 
of 30°C or 35°C reduced the evaluation period, with first 
and second count at six and nine days.
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