
ASB JOURNAL | https://doi.org/10.33158/ASB.r138.v8.2022 1 / 15  

AGRONOMY SCIENCE AND BIOTECHNOLOGY 
 

 
 

RESEARCH ARTICLE 

Effect of production environments on 

storage and physiological quality of 

maize seed 
 

Ítala Thaísa Padilha Dubal1 , Ivan Ricardo Carvalho2,* , João Roberto 
Pimentel1 , Cristian Troyjack1 , Vinícius Jardel Szareski1 , Lanes Beatriz 
Acosta Jaques1 , Ruddy Alvaro Veliz Escalera1 ,  Lucian Alex dos Santos1

, Francine Lautenchleger3 , Murilo Vieira Loro4 , Francisco Amaral Villela1

, Tiago Zanatta Aumonde1  and Tiago Pedó1  

 

1Federal University of Pelotas, Department of Plant Science, Eliseu Maciel Avenue, no number, Capão 

do Leão, RS, Brazil, CEP 96160-000. 2Regional University of the Northwest of the State of Rio Grande 

do Sul, Rua do Comércio, 3000, Universitário, Ijuí, RS, Brazil, CEP 98700-000. 3State University of the 

Midwest: Guarapuava, PR, Brazil. 4Federal University of Santa Maria, Santa Maria, RS, Brazil. 

*Corresponding author, E-mail: carvalho.irc@gmail.com 

 
  ABSTRACT 

 OPEN ACCESS 

Citation: Dubal, I. T. P., Carvalho, I. R., 
Pimentel, J. R., Troyjack, C., Szareski, V. 
J., Jaques, L. B. A., Escalera, R. A. V., 
Santos, L. A., Lautenchleger, F., Loro, M. 
V., Villela, F. A., Aumonde, T. Z., & Pedó, 
T. (2022)   Effect of production 
environments on storage and 
physiological quality of maize seed. 
Agronomy Science and Biotechnology, 
8, 1 – 15 
https://doi.org/10.33158/ASB.r138.v8.
2022 
 
Received: June 10, 2021. 
Accepted:  July 23, 2021. 
Published: September 13, 2021. 
 
English by: Francine Lautenchleger 

 

 
Copyright: © 2022 Agronomy Science and 

Biotechnology. This is an open access 
article distributed under the terms of the 
Creative Commons Attribution License, 
which permits unrestricted use, 
distribution, and reproduction in any 
medium, since the original author and 
source are credited. 

 

Storage is a factor that can affect seed quality as a function of latent damages. The 
losses that most contribute to the reduction in germination and vigor during storage 
are those caused by humidity, mechanical and temperature-related, that may 
interfere with seed quality throughout storage. The aim of this study was evaluating 
the physiological quality of maize seeds produced in two environments and 
classified in different formats compared to storage periods. The experiment was 
carried out in the 2016 harvest in two cultivation environments: Entre-Ijuís, RS and 
Pelotas, RS. Seeds were stratified by thickness through sieves with oblong holes and 
stratified into small round, large round, small flat and large flat. Growing 
environments influence the physiological characteristics of maize seeds. The flat 
and large format seeds have superior physiological quality for the measured 
physiological characters. The small and round seeds present lower values for 
germination, first germination count, emergence speed index, shoot dry matter of 
emergence seedlings and shoot dry matter of germination seedlings. Corn seeds 
when stored under controlled conditions remain for long periods without causing 
decreases in physiological quality. 
 

Keywords: Zea mays, physiological potential, photoassimilates, seed shape, seed 
storage, post-harvest practices. 
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INTRODUCTION 
 

The post-harvest practices that comprise the cleaning, drying, processing and 
storage stages are fundamental to maintain the high quality of the seed lot, being a 
determinant factor to avoid possible quality reductions (Peske, Villela, & 
Meneghello, 2012). The seeds after harvesting undergo changes due to the 
metabolic process, which may lead to a reduction in the quality of the seeds, being 
the storage an advantageous and essential solution for the farmer, because it 
reduces costs with distant transports (Struiving et al., 2013). And to improve levels 
of seed deterioration, maintaining their quality from the point of physiological 
maturity to the sowing of these seeds (Peske et al., 2012). 

Storage is a factor that can affect seed quality as a function of latent damages 

(Cunha, Oliveira, Santos, & Mion, 2009). The losses that most contribute to the 
reduction in germination and vigor during storage are those caused by humidity, 
mechanical and temperature-related, that may interfere with seed quality 
throughout storage. Among these factors, moisture in excess during storage 
accelerates metabolism, increases deterioration and leads to the emergence of 
pathogens (Moreano et al., 2011; Meneghello, 2014). 

The temperature is also an important factor for the conservation of the seeds, 
in studies with rice seeds it was observed that this can directly affect the speed of 
the biochemical processes, increase the activity of the enzyme amylase (Aguiar et 
al., 2015). The reduction of temperature is an effective strategy to preserve the 
quality of stored seeds (Demito & Afonso, 2009). So, it is essential to understand in 
advance the storage potential of a seed lot for the seed industry (Grisi & Santos, 
2007). There are factors that help in the seed storage potential, among them, 
genetic, structural factors, degree of humidity, mechanical damages among others, 
that result in different effects due to the methodology used, adopted method of 
drying, storage variations and types of packages. Seeds that are more vigorous 
submitted to unfavorable storage conditions present better storage behavior when 
compared to less vigorous seeds (Nascimento, 2009). In this context, this work had 
the aim of evaluating the physiological quality of maize seeds produced in two 
environments and classified in different formats compared to storage periods. 

 

MATERIAL AND METHODS 
 

Conduction of study 
 

The work was conducted in the didactic laboratory of Seed Analysis belonging 
to the Department of Plant Science of the Federal University of Pelotas. 
Representative samples of maize genotypes produced in two environments located 
in Pelotas - RS were collected at coordinates 31º 52'00 'S and 52º21'00' W and 
Entre Ijuís, RS referring to the coordinates of 28º21 '32 "S and 54º 16' 04" W. 

For seed production, sowing was done manually on October 17th, 2016 (Entre 
Ijuís - RS) and October 21st, 2016 (Pelotas - RS). Fertilization and correction of soil 
acidity were previously performed based on soil analysis for both environments, 
according to the recommendation of the Manual of Fertilization and Liming for the 
RS and SC States (Comissão de Química e Fertilidade do Solo RS/SC [CQFS RS / SC], 
2004). The management of the crop followed the technical recommendations for 
the maize crop. The mean and minimum values of air temperature, solar radiation, 
relative air humidity and rainfall were observed during the conduction of the  
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experiment in the growing environments, and their monthly averages are 
presented in Figure 1. 

The seeds were harvested in cobs with approximately 35% moisture, after 
being sent to the Seeds Laboratory of the Postgraduate Program in Science and 
Technology of Seeds of the Eliseu Maciel School of Agronomy, Federal University of 
Pelotas to perform drying until 12 % humidity, whereby the seeds were threshed 
and beneficiated in order to remove any undesirable impurities. Stratification of the 
seeds by thickness occurred through sieves of oblong holes, where the material 
retained in the 7 x 15 mm and 8 x 15 mm sieves was called rounds and the material 
passing through the 6 x 20 mm and 5 x 19 mm sieves was considered flat seeds. 
After wards, the seeds were stratified into small round, large round, small flat, and 
large flat, through round hole sieves. The seeds that passed the 8.5 mm sieve were 
considered small, those that were retained were considered large. This 
stratification was performed for the seeds produced in both environments. 

                              
Figure 1. Maximum and minimum air temperature (a), mean solar radiation (b), relative air humidity 
(c) and rainfall (d) for the municipalities of Entre Ijuís, RS and Pelotas, RS.  
Source: National Institute of Meteorology (São Luiz Gonzaga, RS) and Agroclimatological Station of 
Pelotas-RS (Campus Capão do Leão, RS, Brazil), 2016. 
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Subsequent to the stratification, the seeds were sent to storage in a cold 
chamber with a temperature of approximately 15°C and relative humidity of 65% in 
the seed laboratory of the Postgraduate Program in Seed Science and Technology. 
The seeds were stored for nine months, and every three months, the samples were 
collected to perform the physiological quality tests for periods of 0: test after 
harvest; 3: three months of storage; 6: six months storage, 9: nine months storage. 
To evaluate the influence of the environment in which the seeds were produced, 
these being the seeds format and storage periods, the following laboratory tests 
were performed: 
 

Traits measured 
 

Germination: evaluated from 400 seeds, divided into 8 subsamples of 50 seeds 
for each environment, format and storage period. The seeds were distributed in 
germitest paper and moistened with the equivalent of three times the mass of the 
paper, directed to the germinator with temperature of 25ºC. Seedlings considered 
normal were counted seven days after sowing and the results expressed as 
percentage of normal seedlings as recommended by the Rules for Seed Analysis 
(Ministério da Agricultura, Pecuária e Abastecimento [MAPA], 2009). 

 
First germination count: carried out in along with the germination test, where 

the percentage of normal seedlings present on the fourth day after the test 
installation was computed (MAPA, 2009). In addition to the first germination count, 
ten normal seedlings were collected, separating the aerial part of the root with the 
aid of a scalpel and shoot, where they were packed in brown paper in an oven 70 ± 
2 ° C until the constant mass, results were expressed in grams. 

 

Cold test: determined from four samples subdivided into four fractions of 50 
seeds for each environment, format and storage period. The seeds were distributed 
on germitest paper moistened with distilled water equivalent to three times their 
dry mass, after seeding the rolls were placed inside plastic bags and these were 
kept in B.O.D. incubator regulated at 10°C for seven days, then the rollers were 
transferred to a germinator set at 25°C where they remained for another four days. 
The evaluation of the germination was carried out according to the 
recommendations contained in the Rules for Seed Analysis (MAPA, 2009). 

 
Tray emergence: Two hundred seeds were used and arranged in eight 

replicates of 25 seeds for each environment, format and storage period, being sown 
in soil with depth of three centimeters. The seedling emergence percentage was 
evaluated at 15 days after sowing. Together with the emergency tray test, the 
emergency speed index was performed through the daily counts with standard 
schedules. At the end of the emergency test 10 seedlings of each treatment were 
collected to evaluate the dry matter of the shoot and roots being separated and 
conditioned in brown paper in the greenhouse 70 ± 2°C, results expressed in grams. 
 
Experimental design and Statistical anlysis 

 

The experimental design was completely randomized in a factorial scheme, 
with 2 (seed production environments) x 4 (seed formats) x 4 (storage periods), 
arranged in eight replications per treatment. The data obtained in each evaluation 
were submitted to analysis of variance by the F test, at 5% probability, where the  
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assumptions of the statistical model were verified. The diagnosis of the interaction 
between seed production environments x seed formats x storage periods, at 5% 
probability, was performed. When the interaction was significant, the simple effects 
for the qualitative variation factors (production environments and seed formats) 
were dismembered.  

The quantitative levels were submitted to linear regression where the highest 
significant degree of the polynomial for each level of qualitative treatment was 
verified by the t test at 5% probability. The characters that did not show interaction 
were submitted to the dismemberment of the main effects through the 
complementary analyzes by Tukey at 5% of probability for qualitative variation 
factors; in general, for the quantitative data, a linear regression with adjustment of 
the highest degree of the polynomial at 5% by the t test was performed. 

 

RESULTS AND DISCUSSION 
 

For the germination character there was a significant interaction between the 
storage periods and the seed production environments. For the Pelotas - RS 
environment storage periods did not influence germination. For the seeds from 
Entre Ijuís, RS, the germination was adjusted with a quadratic trend curve and 
minimum point at 5 months of storage (Figure 1a). For this same variable, 
significant interaction was obtained between the seed formats x growing 
environments, regardless of the seed format, the Pelotas - RS environment had 
higher germination than Entre Ijuís, RS. When comparing the seed formats within 
each environment, Entre Ijuís, RS showed higher germination when the seeds were 
large flat and small flat, in contrast (Table 1), lower germination was revealed for 
the small round seeds. For Pelotas - RS the seed formats did not influence the 
germination. 

Popcorn seeds with flat and large format evidence a higher percentage of 
germination (Carneiro et al., 2003). According to Carvalho and Nakagawa (2012), 
both the shape and the size of the seeds did not result in effects on the germination 
of the seeds. However, the vigor of the seeds could be affected. It should be noted 
that even though there were differences between the formats and the growing 
environments, the percentages of germination were higher than 85%, being above 
the marketing standards for the species (MAPA, 2013). 

Similar to germination, the first germination count character revealed 
interaction between the storage periods x seed production environments, where 
Pelotas - RS did not express effects on the first germination count versus the 
storage periods. For Entre Ijuís, RS, the first germination count was adjusted to the 
quadratic trend curve with a minimum efficiency point at 5 months of storage 
(Figure 1b). With respect to the interaction between seed formats and growing 
environments, Environment of Pelotas, RS, was considered superior to Entre Ijuís, 
RS, being this specific for the large and small flat seeds where they show superiority 
for the first germination count in relation to the round seeds (Table 1). 
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Table 1. Average results of the interaction between formats and growing 
environments for germination and first germination count. 
 

Germination (%) 

Formats 
 

Entre Ijuís-RS 
 

Pelotas-RS 

LF(1) 
 

88 aB1 
 

99 aA 
SF 

 
90 aB 

 
98 aA 

LR 
 

86 bB 
 

98 aA 
SR   84 cB   98 aA 

CV (%) 3.46 

First germination count (%) 

Formats 
 

Entre Ijuís-RS 
 

Pelotas-RS 

LF 
 

88aB 
 

99 aA 
SF 

 
90aB 

 
99 aA 

LR 
 

83 bB 
 

98 aA 
SR   83 bB   97 aA 

CV (%) 4.10 
1Averages followed by the same lowercase letter in the column and the same uppercase letter in the 

row do not differ by the tukey test at the 5% error probability level.  (1) LF large flat; SF small flat; LR 
large round; SR small round. CV coefficient of variation. 

          
The environment in which the seeds are produced is closely related to seed 

and plant development, and unfavorable environments may lead to reduced vigor 
and physiological potential of seeds (Peske et al., 2012; Szareski et al., 2018a; 
Szareski et al., 2018b). It was evident that in Pelotas - RS the seeds were formed 
under more favorable conditions than in Entre Ijuís - RS, because in addition to the 
greater vigor revealed by the first germination count, the seeds produced in this 
place maintained their quality even stored during nine months. Research by Kikuti, 
Vasconcelos, Marincek and Fonseca (2003) define that round seeds located at the 
apex of the spike, present inferior performance and confirm the tendencies 
obtained in this study. For Trogello et al. (2012), the sizes and formats of corn seeds 
do not influence abruptly the first germination count. But for Vazquez, Arf, Sargi, 
Cesar and Pessoa (2012), these effects were proniable in the early development of 
plants. 

  The emergence of seedlings evidenced interaction between storage periods 
and growing environments. For Pelotas - RS the emergency adjusted linearly with 
decrease while the storage periods tended to nine months. This decrease was of 
the order of 4% in relation to the seeds that were analyzed soon after harvest and 
correspond to zero months of storage (Figure 2c). For Entre Ijuís, RS, the emergency 
was adjusted with a quadratic trend curve reaching a point of minimum efficiency 
at seven months of storage (Figure 2c). The unfolding of the interaction between 
the storage periods and growing environments showed that regardless of the 
periods the corn seeds are stored, the emergence of the seedlings of the seeds that 
were produced in Pelotas, RS, (Table 2) were larger. 

The accumulation of seed reserves occurs through the translocation of 
photoassimilates from the plants to the seeds after the fertilization. Several factors 
may influence seed vigor in the field, among them the environmental conditions 
that the plants undergo during their formation, where vigor is the reflection of the 
interaction of these conditions with the mother plant during the production of the 
seeds (Carvalho & Nakagawa, 2012). The emergence in the field reflected these 
conditions, being possible to verify that the seeds produced in Pelotas - RS revealed  
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a greater emergency throughout the periods of storage without reducing the 
quality. 

 
Table 2. Un folding of the interaction between growing environments x storage 
periods for the variables emergence, emergency speed index (ESI) and shoot dry 
mass of the emergency. 
 

Seedlings emergence (%) 

Storage periods(1) 
 

Entre Ijuís, RS 
 

Pelotas, RS 

0 
 

88 B1 
 

96 A 

3 
 

84 B 
 

96 A 

6 
 

76 B 
 

92 A 

9   76 B   92 A 

CV (%) 9.43 

ESI 

Storage periods 
 

Entre Ijuís, RS 
 

Pelotas, RS 

0 
 

2.79 B 
 

3.35 A 

3 
 

1.86 B 
 

2.43 A 

6 
 

2.61 B 
 

3.63 A 

9   3.14 B   4.06 A 

CV (%) 17.89 

Shoot dry mass of the emergency (g) 

Storage periods 
 

Entre Ijuís, RS 
 

Pelotas, RS 

0 
 

0.64 A 
 

0.57 B 

3 
 

0.85 A 
 

0.67 B 

6 
 

0.68 A 
 

0.65 A 

9   0.67 A   0.60 B 

CV (%) 4.10 
1Averages followed by the same letter in the column do not differ from each other by the Tukey test 

at 5% of error probability. (1) Periods of storage: 0 (after harvest); 3 (3 months storage); 6 (6 months of 
storage); 9 (9 months storage). CV coefficient of variation. 

 
Seedling emergence revealed significant effects only for seed format, where 

large and small flat seeds had the highest percentages of seedling emergence 
(Table 3). The seeds with the large round shape are the first ones that are formed in 
the spike, so any delay in harvest can intensify the deterioration process and reduce 
the vigor of the seeds produced (Marcandalli, Lazarini, & Malaspina, 2011). 
Research by Sangoi et al. (2004) showed that seed size, sowing depth, and initial 
corn growth are closely related to the percentage of emergence. 

The emergence speed index for both environments was adjusted to the 
quadratic trend curve, with a minimum point between three and four months of 
storage (Figure 2d). The unfolding of the interaction of the storage periods x 
growing environments obtained a superior emergency speed index for Pelotas-RS 
independent of the storage period (Table 2) tested. Large and small flat, and large 
round seeds revealed higher values (Table 3) for this character. 

The higher the value of the emergence speed index, the higher the seed vigor. 
This is related to the capacity of membrane system reorganization, hydrolysis and 
metabolization of the reserves, as well as its use by the embryo during imbibition 
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and resumption of growth (Bewley & Black, 2013; Marcos Filho, 2015). Stumm, 
Ludwig and Schmitz (2016) revealed that flat and large seeds obtained a higher 
emergence speed index with slower germination. 

The data of the shoot dry mass of the seedlings revealed interaction between 
the periods of storage and growing environments. For Entre Ijuís, RS the maximum 
response of this character was expressed in four months of storage, in contrast, 
Pelotas - RS determined its maximum at five months of storage (Figure 2e). The 
unfolding of the simple effects of the interaction determined that at zero, three and 
nine months of storage the seeds produced in Entre Ijuís, RS express a higher shoot 
dry mass in relation to those produced in Pelotas - RS. Size is a characteristic of 
seed quality that influences seedling growth and development (Sulewska et al., 
2014). Because larger seeds are generally better nourished during their 
development, they possess well-formed and with more reserve embryos, which are 

more vigorous. For Soares, Santos, Simões, Pazzin and Silva (2015), large seeds 
originate plants with greater shoot dry mass. Martinelli-Seneme, Zanotto and 
Nakagawa (2000) define that seeds of larger size originate seedlings with higher dry 
matter. Seeds of smaller size germinate faster than larger ones. However, the larger 
seedlings give rise to larger mass seedlings. Sulewska et al. (2014) state that 
although germination is faster, seedling size and water absorption capacity were 
lower in seeds with small dimensions. 
 

 
Figure 2. Interaction between growing environment x storage periods for a) germination, b) first 
germination count (FGC), c) emergency, d) emergency speed index (ESI), e) shoot dry mass of the 
emergency (SDME) and f) regression to shoot dry mass (SDM) as a function of storage periods. 
(Significance level of * 5% and ns non significant). 
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The seedlings root dry mass of the emergency was identified interaction 
between the periods of storage x seed format x growing environments (Figure 3a). 
For the seeds produced in Entre Ijuís, RS of large flat format, large round and small 
round, they were adjusted to the quadratic trend curve with minimum point at 
seven months of storage for large flat and large round seeds with six months to 
small round. For the small flat shape of the seeds produced in Entre Ijuís, RS, the 
root dry mass of the seedlings decreased linearly with increased storage periods 
(Figure 3a). For Pelotas - RS, all seed formats were adjusted to a quadratic trend 
curve with a minimum root dry mass point at five months of storage for large flat, 
large round and small round seeds at six months of storage for the small flat (Figure 
3a). 
 
Table 3. Average results for emergence, emergency speed index (ESI) and shoot dry 
mass of emergency according to the formats. 

Formats 
 

Seedlings emergence (%) 

LF(1) 
 

91 a1 

SF 
 

91 a 

LR 
 

85 b 

SR   87 ab 

CV (%) 9.43 

Formats 
 

ESI 

LF 
 

3.12 a 

SF 
 

3.12 a 

LR 
 

3.00 a 

SR   2.70 b 

 
CV (%) 17.89 

Formats 
 

 Shoot dry mass of emergency (g) 

LF 
 

0.74 a 

SF 
 

0.63 b 

LR 
 

0.74 a 

SR   0.59 b 

 
CV (%) 17.80 

1Averages followed by the same letter in the column do not differ from each other by the Tukey test 

at 5% of error probability. (1) LF large flat; SF small flat; LR large round; SR small round. CV coefficient 
of variation. 

             
The unfolding of the interaction simple effects for storage periods x seed 

format x growing environments (Table 4). In the comparison between the formats 
within each growing environment, Entre Ijuís, RS showed better results in the 
absence of storage for root dry mass of seedlings from large round seeds. At three 
months of storage the small round seeds obtained the lowest root dry mass. For 
the seeds produced in Pelotas - RS, only at nine months of storage there were 
significant differences between the formats, being the largest dry mass of the root 
originated from large flat seeds. For Carvalho and Nakagawa (2012), seeds of larger 
size have tissues of more voluminous reserves and seedlings of greater mass. 

In the comparison of the growing environments, the root dry mass of the 
seedlings from zero to three months of storage did not differ. At six months of 
storage, the small flat seeds were superior to Entre Ijuís, RS. At nine months of 
storage, there were no significant differences between the growing environments  
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for each seed format (Table 4). The dry mass of the roots is an important attribute 
that can favor establishment in the field, being an indication of quality, because 
corn seeds with higher quality tend to present superiority to the dry mass of roots 
(Sbrussi & Zucareli, 2014). 

The shoot dry mass of the seedlings collected at the first germination count 
was significant for the storage periods, which obtained maximum point at five 
months of storage (Figure 1f). For Pelotas - RS it was verified superiority for the 
shoot dry mass, being these superiors for the large flat and small flat format (Table 
5). These results are partly explained by the fact that the larger and flatter seeds 
have a greater accumulation of photoassimilates, which are transferred to the 
seedlings (Amaral, Medeiros, Menezes, Luz, Pivoto, & Bialozor, 2012). Thus, these 
seeds will have a faster establishment, larger initial starter and will be vigorous 
(Oliveira, Martins, Silva, & Vieira, 2009). 
 
 

 
Figure 3. Interaction of growing environments x formats x storage periods for a) root dry mass of the 
emergence (RDME), where (____) Entre Ijuís-RS LF y= 0.0097x2-0.1318x+0.8845 R²=0.6672; (------) 
Entre Ijuís-RS SF y=-0.022x+0.669 R²=0.6521; (__..__..__) EntreIjuís-RS LR y=0.0161x2-0.2283x+1.195 
R²=0.9694; (_._._.) Entre Ijuís-RS SR y= 0.0103x2-0.1195x+0.6665 R²=0.9249; (__.__.__) Pelotas-RS LF 
y=0.0172x2-0.1723x+0.803 R²=0.8342; (......) Pelotas-RS SF y=0.0094x2-0.1157x+0.673 R²=0.7658;(__ 
__) Pelotas-RS LR y=0.0128x2-0.1397x+0.731 R²=0.7048; (- - - -) Pelotas-RS SR y = 0.0086x2-
0.0958x+0.5675 R²=0.9721; b) coldtest, (___) Entre Ijuís-RS LF y=-0.838x+88 R²=0.75; (......) Entre Ijuís-
RS SF y=-0.495x+87.8 R²=0.43; (------) Entre Ijuís-RS LR y=0.269x2-4.166x+86 R²=0.78; (_._._.) Entre 
Ijuís-RS SR y=0.2261x2-1.72x+81.15 R²=0.91; Pelotas-RS LF y=ns; Pelotas-RS SF y=ns; Pelotas LR y=ns; (_ 
_ _) Pelotas-RS SR y=0.527x2-5.93x+101.7 R²=0.48; LF large flat; SF small flat; LR large round; SR small 
round. (Significance level of * 5% and ns Not significant). 

 

For the cold test there was interaction between the storage periods x seed 
formats x growing environments. Seeds produced in Entre Ijuís, RS, of large and 
small flat format, decreased linearly with increasing storage time up to nine 
months. This decrease in seed vigor revealed that the increase in the storage period 
up to nine months reduced by 8% for large flat seeds and 5% for small flat seeds. In 
this same production environment, large and small round seeds conformed to a 
quadratic trend curve with a minimum vigor point at eight months for large round 
seeds and four months for small round seeds (Figure 3a). For Pelotas,RS, the 
formats of large and small flat and large round seeds revealed that the vigor of the 
seeds did not change due to storage periods. For seeds the small round shape in 
this same growing environment was specific to a minimum of six months storage 
vigor (Figure 3a). 

The unfolding of the simple effects of the interaction between storage periods 
x seed format x growing environments. It was evidenced that Entre Ijuís, RS, when 
the seeds were evaluated soon after the harvest, where the greatest vigor occurs 
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for the large flat and small flat formats, however, did not differ statistically from the 
large rounds. At three months of storage, the large and small flat seeds showed 
superiority to vigor. In relation to the six months of storage, the large flat, small flat 
and round seeds were superior, and at nine months, the small flat seeds had higher 
magnitudes (Table 4). Among the growing environments, the large flat, small flat 
and round seeds produced in Pelotas, RS, resulted in greater vigor throughout the 
storage. 
 

Table 4. Mean results of the significant interaction between environments (Entre Ijuís and Pelotas) x formats (large flat, 
small flat, large round, small round) x storage periods (0, 3, 6, 9 months) for the characters cold test, root dry mass of 
the emergency, shoot length and stem diameter. 

 

Cold test (%) 

  
Entre Ijuís, RS 

 
Pelotas, RS 

Storage 
periods1 

 
LF SF LR SR 

 
LF SF LR SR 

0 
 

86 Aβ2 88 Aβ 84 ABβ 81 Bβ 
 

99 Aα 97 Aα 99 Aα 99 Aα 
3 

 
89 Aβ 88 Aβ 80 Bβ 79 Bβ 

 
98 Aα 96 Aα 98 Aα 97 Aα 

6 
 

82 Aβ 80 Aβ 66 Bβ 79 Aα 
 

98 Aα 96 Aα 96 Aα 76 Bα 

9   80 Bβ 85 Aβ 72 Bβ 84 ABβ   99 Aα 95 Aα 99 Aα 94 Aα 

CV (%) 3.93 

Root dry mass of the emergency 

  

Entre Ijuís, RS 
 

Pelotas, RS 

Storage 
periods1 

 
LF SF LR SR 

 
LF SF LR SR 

0 
 

0.83 Bα2 0.71 Bα 1.17 Aα 0.65 Bα 
 

0.77 Aα 0.64 Aα 0.69 Aβ 0.56 Aα 

3 
 

0.74 Aα 0.58 ABα 0.73 Aα 0.45 Bα 
 

0.54 Aα 0.51 Aα 0.55 Aβ 0.38 Aα 

6 
 

0.28 Aα 0.46 Aα 0.33 Aα 0.27 Aα 
 

0.29 Aα 0.22 Aβ 0.23 Aα 0.28 Aα 
9   0.54 Aα 0.53 Aα 0.47 Aα 0.44 Aα   0.68 Aα 0.43 Bα 0.55 ABα 0.41 Bα 

CV (%) 31.74 
1Periods of storage: 0 (after harvest); 3 (3 months storage); 6 (6 months of storage); 9 (9 months storage). (1) LF large flat; SF small flat; LR large 

round; SR small round. CV coeficiente of variation. 2Means followed by the same capital letter in the line to format within each environment and 

the same Greek letter for environment within each cultivation format do not differ from each other by the Tukey’s test at the  level of 5% 
probability of error. 

 
The cold test provides extreme conditions of low temperature that limits the 

probability of survival of the less vigorous seeds, since the low temperature can 
reduce the speed of germination of the seeds (Barros, Dias, Cicero, & Krzyzanowski, 
1999). The seeds that are located at the base of the spike are more susceptible to 
the fungus action, because in this region a greater amount of water accumulation 
occurs in relation to the other parts of the spike, causing an increase in the water 
content of the seeds and, consequently, vigor reduction. In this sense, the seeds 
located in the middle third and at the apex of the spike are more protected and 
may perform better than those located at the base (Kikuti et al., 2003). 

Research by Mondo and Cicero (2005) revealed that the quality of corn seeds 
located at different positions in the spike before the cold test determines that 
intermediate and flattened seeds are the best. Martinelli-Seneme et al. (2000), 
define that flattened seeds are more vigorous than the round ones. They are less 
mechanically damaged compared to medium seeds, leading to a higher rate of 
deterioration (Peterson, Perdomo, & Burris, 1995). In general, seed format and 
environmental characteristics influence the physiological quality of maize seeds, 
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being these starches and providing storage conditions for up to nine months 
maintaining the physiological quality of the seeds. 

 
Table 5. Mean results for shoot dry mass of seedlings (SDMS) as a function of the 
growing environment and according to the seed formats. 
 

Environments SDMS (g) 

Entre Ijuis-RS  0.11 b1 

Pelotas-RS 0.13 a 

Formats SDMS (g) 

LF2 0.12 ab 

SF 0.14 a 

LR 0.12 bc 

SR 0.10 c 

CV (%) 36.80 
1Averages followed by the same letter in the column do not differ from each other by the Tukey test 

at 5% of error probability. 2LF large flat; SF small flat; LR large round; SR small round. CV coefficient of 
variation. 

            

 CONCLUSIONS 

Growing environments influence the magnitude of the physiological 
characteristics of maize seeds. The flat and large format seeds have superior 
physiological quality for the measured physiological characters. 

The small and round seeds present lower values for germination, first 
germination count, emergence speed index, shoot dry matter of emergence 
seedlings and shoot dry matter of germination seedlings. 

 Corn seeds when stored under controlled conditions remain for long periods 
without causing decreases in physiological quality. 
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