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Abstract

The soybean seeds produced in Santa Catarina have the potential for the application of new marketing 
strategies because they have superior quality over the minimum standards established by the Brazilian 
legislation. This potential was verified using time series analysis (TS). The main goal of this study 
was to characterize the physiological quality of soybean seeds produced in the State of Santa Catarina 
using data from the last five harvests in order to establish new commercialization strategies based on 
seed quality. Historical data for germination and vigor were obtained from the 2012/2013 to 2016/2017 
harvests, with a total of 4606 lots studied. To validate the historical data, data from the 2016/2017 harvest 
were included. For this analysis, 100 lots of soybean seeds from the 2016/2017 harvest were collected, 
and laboratory tests for germination and vigor were performed. The results of the time series analysis 
showed that, on average, the germination rate ranged from 89 to 93%, with all values being higher than 
the minimum required for commercialization by the Brazilian legislation. Vigor ranged on average 
from 82 to 90%. Currently, there is no reference value for vigor in the Brazilian legislation for seed 
commercialization purposes. Of the total of lots evaluated, 1%, 2%, 21%, and 76% of seeds presented 
germination < 70%, 70–80%, 80–90%, and > 90%, respectively, whereas 4%, 3%, 7%, 17%, and 69% 
of the lots presented vigor < 70%, 70–75%, 75–80%, 80–85%, and > 85%, respectively. Considering 
that 76% of the lots presented germination > 90% and 69% of the lots had vigor > 85%, the lots that 
presented these percentages were ranked, and 64% were determined to meet high quality standards. 
Taking into account the 100 sampled lots from the 2016/2017 harvest, 55% presented germination 
> 90% and 58% had vigor > 85%. In this harvest, 41% of the lots met the standards of at least 90% 
germination and 85% vigor according to the ranking methodology. This study concludes that due to the 
stability of climatic conditions, the State of Santa Catarina produces soybean seeds with physiological 
quality above the minimum standards, which allow the establishment of a minimum vigor standard of 
85% for the commercialization of soybean seeds.
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Resumo

As sementes de soja produzidas em Santa Catarina têm potencial para novas estratégias de comercialização, 
pois possuem qualidade superior aos padrões mínimos exigidos pela legislação. A comprovação deste 
potencial é possível através do uso de análise de séries temporais. Com isso, o objetivo deste estudo 
foi caracterizar a qualidade fisiológica de sementes de soja produzidas no estado de Santa Catarina nas 
últimas 5 safras, buscando estabelecer novas estratégias de comercialização com base na qualidade das 
sementes. Os resultados históricos dos percentuais de germinação e vigor de sementes de soja foram 
obtidos das safras 2012/2013 a 2016/2017, totalizando 4606 lotes. Para validação desses dados, na safra 
2016/2017 foram coletadas 100 amostras de sementes de soja e conduzido o teste de germinação e vigor 
no laboratório de análise de sementes. Os dados do histórico foram submetidos à análise estatística 
usando séries temporais e regressão. Ao conjunto de dados foram incluídos os 100 lotes analisados na 
safra 2016/2017 e ranqueados em classes de germinação e vigor. O percentual de germinação e vigor 
dos lotes manteve-se superior a 90% e 87%, respectivamente, com redução de 0,32% na germinação e 
0,80% para vigor ao longo das cinco safras analisadas, evidenciando que há manutenção da qualidade 
das sementes ao longo das safras. A manutenção está atrelada à fatores climáticos favoráveis a produção 
e ao armazenamento de sementes de soja observados em Santa Catarina. Do total de lotes analisados 
(4606) nas cinco safras, 3.500 lotes (76%) apresentaram germinação superior a 90% e 3.178 lotes 
(69%) vigor superior a 85%. Dos 100 lotes analisados na safra 2016/2017, 55 apresentaram germinação 
acima de 90% e 58 vigor superior a 85%. Os resultados obtidos na safra 2016/2017 validam a série 
histórica e comprovam a elevada qualidade fisiológica das sementes de soja produzidas em Santa 
Catarina. O estudo permite concluir que em função da estabilidade das condições climáticas o estado de 
Santa Catarina produz sementes de soja com qualidade fisiológica acima dos padrões mínimos, o que 
possibilita estabelecer um padrão mínimo de vigor de 85% para a comercialização de sementes de soja.
Palavras-chave: Germinação. Glycine max. Series temporais. Vigor.

Introduction

Soybean seed production can be affected by 
several edaphoclimatic factors. In Santa Catarina 
State (Brazil), 15% of the soybean production 
area is destined for seed production, representing 
2006 production fields registered at the Ministry 
of Agriculture and Livestock that produce 312 000 
tons of seeds annually (Ministério da Agricultura, 
Pecuária e Abastecimento [MAPA], 2018).

The area destined for soybean production in 
the State of Santa Catarina during the 2017/2018 
harvest was 678200 hectares, with a production 
of 2.3 million tons (Companhia Nacional de 
Abastecimento [CONAB], 2018). Of this area, 
approximately 92800 hectares were destined 
for seed production (MAPA, 2018). The state 
is responsible for the production of 16% of the 
national soybean seed market, commercializing 
86% of its production to the states of Paraná, Rio 
Grande do Sul, São Paulo, and Mato Grosso do 

Sul and to neighboring countries such as Argentina 
and Paraguay (Associação Brasileira de Sementes 
e Mudas [ABRASEM], 2018). The production of 
soybean seeds in Santa Catarina is concentrated 
in regions with an altitude greater than 700 m 
and latitudes above 24 °S. These characteristics 
contribute to obtaining seeds of high physiological 
quality (França et al., 2016).  

Seed physiological quality is characterized by 
its germination and vigor, which are determining 
characteristics in the initial establishment of the 
crop. Germination comprises an orderly sequence 
of metabolic events that result in the development 
of the embryo and the subsequent origination of the 
seedling (Marcos, 2015). From the point of view 
of seed technology, germination can be defined by 
seedling emergence under ideal sowing conditions 
(Marcos, 2015). Seeds with high vigor guarantee 
the development of normal and vigorous seedlings 
and enable a rapid and uniform emergence even 
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in adverse climatic conditions (Corbineau, 2012; 
Di Girolamo, & Barbanti, 2012). Germination 
is considered the most critical phase of plant 
development due to its high vulnerability to 
climatic stresses (Rajjou et al., 2012). Thus, the use 
of seeds with high physiological quality guarantees 
the uniformity of the emergence and the stability of 
crop yields (Egli, Hamman, & Rucker, 2010).  

High-quality seeds must meet a set of standards 
defined by the seed production sector and be 
supported by national and international regulations 
(Bishaw, Struik, & Van Gastel, 2012). Soybean 
seeds marketed in the national territory must present 
minimum percentages of 99% purity and 80% 
germination, except for the basic seed category, 
whose minimum germination percentage is 75% 
(Instrução Normativa nº 45, 2013). Considering 
the vigor parameter, there is no minimum standard 
for commercialization as tests are not included in 
the rules for the analysis of domestically produced 
seeds. At the international level, accelerated aging 
tests are included in the rules for seed analysis of the 
International Seed Testing Association (ISTA) as an 
indicator of soybean seed vigor (Marcos, 2015).

The permanence of seed production companies in 
the competitive seed market requires the production 
of seeds with a quality superior to the minimum 
established by the legislation, ensuring the consumer 
a high vigor of seed lots. In this regard, the literature 
shows the potential of the State of Santa Catarina for 
the production of soybean seeds with a quality that 
exceeds the minimum standards. Some authors have 
observed 90–97% germination and > 70% vigor for 
different soybean cultivars produced in the state 
(Pereira, Coelho, Souza, Mantovani, & Mathias, 
2015a; Pereira, Coelho, Sobiecki, & Souza, 2015b).

The verification of soybean seed production 
with qualities superior to the minimum standards 
is possible through time series analysis. The use 
of time series is used as a differential tool in the 
study of behaviors and tendencies. Temporal series 
can be defined as sequences of quantitative data 

related to specific moments and studied according 
to their distribution over time (Wiener, 1966). This 
feature has been used in different areas of science 
to extract information and characteristics from 
historical data. From this information, it is possible 
to infer the continuity of behaviors and tendencies, 
such as the percentage of germination and vigor for 
subsequent harvests. Therefore, the main objective 
of this research was to characterize the physiological 
quality of soybean seeds produced in the State of 
Santa Catarina in five harvests in order to establish 
subsidies for new marketing strategies based on 
seed quality.

Materials and Methods

The study was developed by the Seed Analysis 
Laboratory of the Agroveterinary Science Center 
of the University of Santa Catarina State (CAV/
UDESC). Climatic conditions and data related to 
the production and quality of soybean seeds in the 
State of Santa Catarina were analyzed considering 
the harvests from 2012/2013 to 2016/2017.

Information on physiological quality was 
provided by the seed companies operating in the 
region. This information was taken from the Seed 
Analysis Bulletins (BAS) and results newsletters 
(IR) of internal quality control. The data refer 
to the percentage of germination obtained in the 
germination test, recommended by the rules for seed 
analysis (MAPA, 2009) and the vigor evaluated 
by the accelerated aging test (41 °C for 48 hours) 
according to the methodology described by Marcos, 
Kikuti and Lima (2009).

Taking into account the datasets provided by the 
seed companies, 4606 seed lots were evaluated, of 
which 674, 959, 1010, 972, and 991 corresponded to 
the 2012/2013, 2013/2014, 2014/2015, 2015/2016, 
and 2016/2017 harvests, respectively. In order to 
validate the results of seed physiological quality 
provided by the companies, 100 samples of seed 
lots were collected from the 2016/2017 harvest 
and the physiological evaluation was carried out 
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through the germination and accelerated aging tests. 
The number of samples (n) collected was defined 
based on the average germination (µ) of the 4606 
lots, following the equation:

The sampling of representative samples of the 
plots was carried out during the months of August and 
September 2017, considered the pre-harvest period. 
The sampling was performed randomly, directly in 

the cooperatives and seed producers of the state. 
Based on the edaphoclimatic characteristics, the 
production of soybean seeds in the state is divided 
into four regions, West, Midwest, North Plateau, 
and Serrano Plateau that represent 35.9%, 51.7%, 
6.3%, and 6.1% of the state production, respectively 
(Figure 1). The number of batches collected varied 
according to the percentage of production in each 
region, so that 60, 30, 5, and 5 lots were collected 
from the Midwest, West, North Plateau, and Serrano 
Plateau regions, respectively.

accelerated aging tests are included in the rules for seed analysis of the International Seed Testing 

Association (ISTA) as an indicator of soybean seed vigor (Marcos, 2015). 

The permanence of seed production companies in the competitive seed market requires the 
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In the sampling procedure, the number of simple 
samples collected depended on the size of seed lots, 
following the recommendations of the rules for seed 
analysis. Thus, in batches of 3001–20000 kg, one 
sample was collected for every 500 kg, while in lots 
of more than 20000 kg, one sample was extracted for 
every 700 kg. From the simple samples, composite 
samples were obtained, and they were reduced, 
originating mean samples (1000 g;) (Ministério da 
Agricultura, Pecuária e Abastecimento [MAPA] 
2009). In the laboratory, each mean sample was 
homogenized and reduced, obtaining a working 

sample (500 g), which was subdivided into four 
sub-samples. The germination and accelerated 
aging tests were performed on the sub-samples.

The germination test was carried out with 400 
seeds per lot, arranged in eight rolls of 50 seeds, 
using germitest paper as substrate and placed in a 
germinator with a temperature of 25 ± 2 °C. The 
first evaluation was performed on the fifth day after 
sowing and the second evaluation was carried out 
the eighth day. The results were expressed as a 
percentage of normal seedlings (MAPA, 2009) and 
standard deviation (SD).
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The accelerated aging test was conducted  for 
vigor determination, using 400 seeds per lot, 
distributed in a single layer on a steel screen and 
placed inside Gerbox-type plastic boxes containing 
40 mL of distilled water, with a distance between the 
water level and the seeds of approximately 2 cm. The 
boxes were closed and taken to an aging chamber, 
regulated at a temperature of 41 ºC for 48 hours 
(Marcos et al., 2009). Then, the germination test was 
performed with the first evaluation performed on the 
fifth day and the second evaluation on the eighth 
day after sowing. The results were expressed as the 
percentage of normal seedlings (MAPA, 2009).

The percentages of germination and vigor of 
4606 lots were subjected to statistical analysis using 
time series and regression. The data set included the 
100 batches analyzed in the 2016/2017 crop and 
ranked in germination and vigor classes with the aid 
of the R Software (R Core Team, 2016).

In order to complement this information, we 
conducted surveys of soybean seed production in the 
State of Santa Catarina, accounting for the number 
of fields, area (hectares), and seed production 
(tons). Data were obtained from the Surveillance 
Management System (MAPA, 2018). 

The climatic conditions that occurred during the 
study period were considered during the interval 
from October to April. Average temperature (°C) 
and rainfall (mm) data were obtained from the 
Instituto Nacional de Meteorologia [INMET] 
(2018), from meteorological stations located in the 
municipalities of Chapecó, Campos Novos, and 
Lages, which belong to the main seed-producing 
regions of the state (Figures 1 and 2). Climatic data 
were subjected to statistical analysis using time 
series with the R Software (R Core Team, 2016).

Figure 2. Average temperature (°C) and precipitation (mm) during the 
harvests from box plot of average 2012/2013 to 2016/2017. 
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Figure 2. Average temperature (°C) and precipitation (mm) during the harvests from 2012/2013 to 
2016/2017.  

 

Results and Discussion 

The time series analysis showed that the average germination percentage was 92% (Figure 3). Of 
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Results and Discussion

The time series analysis showed that the average 
germination percentage was 92% (Figure 3). Of 
the total of batches evaluated between the harvests 
from 2012/2013 to 2016/2017, 97% were in the 
range of 89–93% germination (Figure 3). In the 
2012/2013 harvest, it was observed that the batches 
presented, on average, the best performance, with 
93% (± 5) germination, followed by those of the 

2013/2014 harvest, with 92% (± 3) germination. For 
the remaining harvests, the germination percentage 
was similar among them, with a mean of 91% 
(± 5) germination (Figure 4a). The germination 
percentages observed in the temporal analysis are 
higher than the minimum required by the Brazilian 
legislation for the commercialization of soybean 
seeds (Instrução Normativa nº 45, 2013). 

Figure 3. Germination and vigor of the soybean seeds lots 
produced in the State of Santa Catarina (SC) during the harvests 
2012/2013 to 2016/2017.
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The average percentage of seed vigor of the five 
harvests was 87% (Figure 3). It was also found that 
86% of the batches presented vigor in the range 
between 82 and 90% (Figure 3). In the 2012/2013 
harvest, it was observed that the plots had an 
average of 92% (± 6) vigor. For the subsequent 
harvests (2013/2014, 2014/2015, 2015/2016, and 
2016/2017), the Vigor was 88% (± 6), 84% (± 9), 
85% (± 10), and 86% (± 6), respectively (Figure 
4b). Despite the high vigor observed, there are no 
standards of vigor legally established by the Ministry 
of Agriculture, Livestock, and Food Supply for the 
commercialization of seeds in Brazil. However, 
the reference values are established by the seed 
companies themselves, which use this characteristic 
as a marketing strategy, with the aim of adding 
value in the commercialization of seeds.

The regression analysis indicates a reduction 
of 0.32% and 0.80% in the germination and vigor, 
respectively, during the five harvests analyzed 
(Figures 4a and 4b). Based on these results, it is 
possible to suggest that the State of Santa Catarina 
presents good potential for the production of seeds 
with higher physiological quality.

The analysis of the climatic conditions of the last 
five harvests indicates that there are no statistical 
differences in the average air temperature and 
rainfall, which demonstrates the stability of climatic 
conditions in the State of Santa Catarina (Figure 
2). Another aspect that favors the production of 
soybean seeds in Santa Catarina is related to the 
average temperature and relative humidity during 
the desiccation phase of seeds, which comprises 
the months of March, April, and May. During 
this period, the average air temperature varied 
over a range extending from 15 to 20 °C and the 
relative humidity ranged from 78 to 86% (INMET, 

2018). These conditions, in addition to favoring 
the production of high-quality seeds, minimize 
the effects of the deterioration process. The speed 
of the deterioration process is determined mainly 
by the interaction between cultivars and climatic 
conditions, such as high temperatures and higher 
relative humidity of the air (Jyoti & Malik, 2013; 
Khan et al., 2011).

In order to deeply understand the behavior of 
physiological parameters, germination and vigor 
classes were established (tables 1 and 2). Among the 
plots evaluated, 1%, 2%, 21%, and 76% presented 
< 70%, 70–80%, 80–90%, and > 90% germination, 
respectively (Table 1). In terms of vigor, 4%, 3%, 
7%, 17%, and 69% of the batches exhibited < 70%, 
70–75%, 75–80%, 80–85%, > 85% vigor (Table 2). 
Considering the results of the 100 lots evaluated 
in the 2016/2017 harvest, 55% presented > 90% 
germination and 58% exhibited > 85% vigor. 

Assuming that 76% of the batches presented > 
90% germination (Table 1) and 69% of the lots had 
> 85% vigor (Table 2), the batches that presented 
these percentages were ranked concomitantly. Thus, 
among the lots that presented ≥ 90% germination, 
64% also presented > 85% vigor, representing 
high-quality lots. These results demonstrate the 
potential of Santa Catarina State for the production 
of soybean seeds, with germination patterns above 
the minimum required for commercialization 
(Instrução Normativa nº 45, 2013) and allowing 
the establishment of a minimum standard of 85% 
vigor. Following these seed quality criteria, 41% 
meet these minimum standards. In addition, the 
results obtained in the 2016/2017 harvest validate 
the results and prove the high physiological quality 
of soybean seeds produced in the State of Santa 
Catarina. 
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Table 1
Lot classification according to germination rate for each season of harvest. 16/17* means results of the 100 lots 
analysis

Germination
Class I Class II Class III Class IV

Total 
Harvest [0 a 70] (%) [70 a 80] (%) [80 a 90] (%) [90 a 100] (%)
12/13 3 1 7 1 90 13 574 85 674
13/14 0 0 2 0 165 17 792 83 959
14/15 6 0 26 3 252 25 726 72 1010
15/16 12 1 32 3 196 20 732 76 972
16/17 6 1 26 3 263 26 696 70 991
16/17* 0 0 0 0 45 45 55 55 100
Total 27 1 93 2 1011 21 3575 76 4706

Table 2
Lot classification according to vigor for each season of harvest. 16/17* means results of the 100 lots analysis

Vigor
Class I Class II Class III Class IV   Class V

Total 
Harvest [0 a 70] (%) [70 a 75] (%) [75 a 80] (%) [80 a 85] (%) [85 a 100] (%)
12/14 4 1 5 1 16 2 42 6 607 90 674
13/14 3 0 30 3 74 8 135 14 717 75 959
14/15 73 7 50 5 74 7 177 18 636 63 1010
15/16 63 6 36 4 73 8 167 17 633 65 972
16/17 21 2 34 3 95 10 235 24 606 61 991
16/17* 4 4 0 0 2 2 36 36 58 58 100
Total 168 4 155 3 334 7 792 17 3257 69 4706

Since only 7% of the batches presented ≤ 74% 
vigor, it would be possible to establish a minimum 
standard for the vigor criterion in the Brazilian 
soybean seed legislation. The need to include 
vigor patterns for the commercialization of seeds 
is strengthened by the fact that a large proportion 
of producers and users of soybean seeds already 
request vigor analyses for seed valuation purposes 
and sowing calculations.

The high-quality of soybean seeds produced in the 
State of Santa Catarina was verified by overlapping 
the confidence intervals of historical data. In studies 
carried out with the objective of evaluating the 

physiological quality of soybean seeds produced 
by companies from different regions of the state, 
values similar to those found in the present study 
were observed. In the 2013/2014 crop, Frandoloso, 
Meneghello, André, Deuner and Menegaz (2015), 
evaluating the physiological quality of 24 batches 
produced in the municipalities of Xanxerê, Abelardo 
Luz, Campos Novos and Canoinhas, obtained a 
mean of 88% germination and 85% vigor.

During the 2014/2015 and 2015/2016 harvests, 
studies were carried out with the objective of 
determining the physiological quality of soybean 
seeds of lots collected from nine Brazilian states. In 



57
Semina: Ciências Agrárias, Londrina, v. 41, n. 1, p. 49-60, jan./fev. 2020

Characterization of the physiological quality of soybean seeds produced in Santa Catarina State

the State of Santa Catarina, 20 lots collected from the 
2014/15 harvest presented average values of 88% 
germination, 90% viability, and 80% vigor. These 
values are similar to those obtained in Mato Grosso, 
and inferior to those verified in Mato Grosso do Sul, 
Minas Gerais, and Goiás (França, 2016).  

In the 2015/2016 harvest, the evaluation of 41 
lots in the State of Santa Catarina showed means 
of 89% germination, 89% viability, and 80% vigor 
(França, Krzyzanowski, & Pádua, 2017). When 
comparing the quality of soybean seeds produced in 
the Southern region of Brazil, it is observed that the 
average germination values obtained for the State 
of Santa Catarina are higher than those observed in 
the State of Paraná (87%) and equal to those of Rio 
Grande do Sul (89%). Regarding vigor, the average 
value of the State of Santa Catarina is higher than 
that of Paraná (76%) and similar to that observed 
in Rio Grande do Sul (França et al., 2017). These 
results demonstrate the potential of the southern 
region of Brazil for the production of high-quality 
soybean seeds and are consistent with the results of 
the 4,706 lots presented in the present study for the 
State of Santa Catarina.

According to the climatic atlas proposed by 
Wrege et al. (2012), the regions of Santa Catarina 
suitable for the production of soybean seeds are 
located between latitudes from 26° 17′ S to 27° 
81′ S, longitudes of 49° 80′ W to 52° 61′ W, and 
altitudes from 679 to 946 m. The relative maturity 
groups (GMR) of the cultivars indicated for each 
region are established based on latitude and altitude 
(Alliprandini et al., 2009; Cavassim et al., 2013). 
In this context, it was found that in the 2016/2017 
harvest, the state produced commercially seeds of 
cultivars that present GMR between 4.8 and 7.3 
(MAPA, 2018). Moreover, during the 2011/2012 
and 2012/2013 harvests, Carvalho, Uarrota, Souza 
and Coelho (2017) evaluated the behavior of 16 
soybean cultivars with GMR between 4.7 and 6.7 in 
the municipality of Campos Novos. They found that 
seed quality ranged from 86 to 94% germination and 

76 to 92% vigor when considering the cultivars ND 
4725 RG (GMR 4.7) and BMX potency RR (GMR 
6.7). These results corroborate the potential of the 
Midwestern region of the State of Santa Catarina for 
the production of high-quality seeds independently 
of the maturation group.

In addition to the climatic conditions that favor 
the production of seeds of high physiological 
quality, during the storage of seeds from June 
to September, the low average air temperatures 
(< 25 °C) and relative humidity (< 70%) in the 
State of Santa Catarina favor the maintenance of 
vigor. According to França et al. (2016), the ideal 
conditions for the storage of soybean seeds are 
temperatures and humidity lower than 25 ºC and 
70%, which ensure that the stored seeds remain 
with humidity around 12%.

Based on the analysis of temporal series 
of climatic characteristics, stable conditions 
that allowed the production of seeds with high 
physiological quality were observed in all the 
evaluated harvests. Regardless of the harvest, the 
average germination was higher than 90% and 
vigor was close to 85%. These results provide a 
scientific basis for the recognition of the State of 
Santa Catarina as a producer of soybean seeds of 
high physiological quality. The implementation of a 
Vigor + quality seal would allow the identification of 
soybean seed lots with minimum 90% germination 
and 85% vigor. 

The commercialization of lots with quality above 
the standards assures the valorization of seeds. 
Furthermore, the use of high-quality seeds favors 
the establishment of the stand, with a rapid and 
uniform emergence and a higher production of the 
dry mass of seedlings (Abati, Brzezinski, Zucareli, 
Werner, & Henning, 2017; Egli & Rucker, 2012). 
Given the benefits of using high-quality seeds, the 
identification of batches with these characteristics 
is necessary to encourage producers to recommend 
the production of high-quality seeds.
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Conclusions

The State of Santa Catarina produces soybean 
seeds with physiological quality above the minimum 
germination patterns. The present study allows to 
establish a minimum vigor standard of 85% for 
the commercialization of soybean seeds. The high 
physiological quality observed throughout the 
harvests is mainly related to the climatic stability of 
the State of Santa Catarina.
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