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Seed quality of rice cultivars stored in different environments1
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ABSTRACT - The objective of this study was to evaluate dormancy and physiological quality of seeds of rice cultivars during 
storage in different environments. After harvesting, the seeds of three rice cultivars (Seleta, Curinga and Relâmpago) were 
dried in the sun, to reach moisture content at around 13%. Then, they were packed in paper and stored in four environments: 
5 ± 2 °C / 70 ± 5% RH, 12 ± 2 °C / 70 ± 5% RH, 18 ± 2 °C / 65 ± 5% RH and in uncontrolled condition of temperature and 
relative humidity (natural). Physiological quality was evaluated at the beginning and at 3, 6, 9 and 12 months of storage by 
germination test, electrical conductivity, accelerated aging and sand emergence. The experiment was conducted in split plots in 
a completely randomized design with three replications. Environmental factor was applied in the plots, cultivars in the subplots 
and storage period in subplots. Cultivar Seleta showed higher dormancy, which was surpassed during storage regardless of 
environment conservation. In general, seeds stored in natural environment showed lower physiological quality. Only the seeds 
of cultivar Seleta, regardless of the environment, maintained germination above the minimum required for commercialization 
until six months of storage.

Index terms: Oryza sativa L., germination test, vigor test.

Qualidade de sementes de cultivares de arroz armazenadas em diferentes ambientes

RESUMO - Objetivou-se avaliar a dormência e a qualidade fisiológica de sementes de cultivares de arroz durante o 
armazenamento em diferentes ambientes. Após a colheita, as sementes de três cultivares de arroz (Seleta, Curinga e 
Relâmpago) foram secas ao sol, até atingirem teor de água em torno de 13%. Foram acondicionadas em embalagem de 
papel e armazenadas em quatro ambientes: 5 ± 2 °C / 70 ± 5% UR, 12 ± 2 °C / 70 ± 5% UR, 18 ± 2 °C / 65 ± 5% UR e em 
condição não controlada de temperatura e umidade relativa (natural). A qualidade fisiológica foi avaliada no início e aos 3, 6, 
9 e 12 meses de armazenamento pelos testes de germinação, condutividade elétrica, envelhecimento acelerado e emergência 
em areia. O experimento foi realizado no esquema de parcelas subsubdivididas no delineamento inteiramente casualizado 
com três repetições. O fator ambiente foi aplicado nas parcelas, cultivares nas subparcelas e tempo de armazenamento nas 
subsubparcelas. As sementes da cultivar Seleta apresentaram maior porcentagem de dormência, que foi superada durante 
o armazenamento independente do ambiente de conservação. Sementes armazenadas em ambiente natural apresentaram 
qualidade fisiológica inferior. Apenas as sementes da cultivar Seleta, independente do ambiente, mantiveram a germinação 
acima do mínimo exigido para comercialização até os seis meses de armazenamento.

Termos para indexação: Oryza sativa L., teste de germinação, teste de vigor.
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Introduction

The seeds take to the agriculturist all the genetic potential 
of a cultivar with major characteristics. New improved cultivars 
become agricultural raw material whenever their high quality 
seeds are available to agriculturists and are sowed by them (Peske 

et al., 2006). Maintaining the seed quality during the storage 
period is a factor that must be considered in the production process 
of any crop, for the farming success depends, mainly, on the use 
of high quality seeds (Freitas et al., 2004). For rice seeds in Brazil, 
the minimum required for production and commercialization is 
80%, regardless of the category (Brasil, 2005).
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In most crops that are spread by seeds, the harvesting 
season does not overlap the sowing season and, for this 
reason, the seeds are stored in order to maintain their 
productive potential (Souza et al., 2007). During the storage, 
several aspects have a direct effect on the seeds feasibility, 
such as: water content in the storage, conservation packages, 
temperature and relative humidity of the air and the storage 
environment, gas exchange and characteristics of the seed 
skin (Caldwell et al., 2005; Toledo et al., 2009). 

For the internal quality control program of seed production 
companies, monitoring the physiological potential of dormant 
rice seeds is extremely important, mainly when the aim is to 
defi ne the speed of inactivity surpassing (Vieira et al., 2000). 
The behavior differs in accordance with the cultivar and the 
cultivation system; the dormancy is more intense in lowland. 

Evaluating the physiological potential of seeds is also 
very important for the internal quality control program of seed 
production companies to characterize the seeds that are ready to 
be commercialized (Ávila et al, 2006). Among the tests used for 
this evaluation, the accelerated aging test is indicated to defi ne 
the seeds’ vigor (Marcos- Filho, 2005) and, as a consequence, 
their storage potential, because it delays the germination 
process and the embryo’s growth (Maia et al., 2007). This test 
is used in order to evaluate the physiological potential of seeds 
after certain storage period (Panobianco et al., 2007). 

The electrical conductivity test has been used to evaluate 
the seeds’ vigor in several species for being simple to execute, 
of low cost, fast, replicable and with easy interpreting results 
(Vieira and Krzyzanowski, 1999). It is indicated to detect the 
seeds deterioration rate during the storage period (Abreu et 
al., 2011; Panobianco et al., 2007).

Therefore, this paper aims at evaluating the dormancy 
and the behavior of the seeds physiological quality in rice 
cultivars of lowlands and highlands during the storage under 
different environmental conditions.

Material and Methods

This research was conducted in the Phytotechny 
Department of Universidade Federal de Viçosa, Viçosa–MG, 
with seeds from three rice cultivars: the lowland cultivar 
BRSMG Seleta and the highland cultivars BRSMG Curinga 
and BRSMG Relâmpago, which present great genetic potential 
characteristics for the production of grains, premature to 
median cycle, good culinary and industrial quality of grains. 
These cultivars were produced by Empresa de Pesquisa 
Agropecuária de Minas Gerais (EPAMIG), in Lambari-MG, 
in the harvest of 2009/2010.

After the harvest, the seeds were dried in the sun until 

they reached a water content of 13%.
The seeds were placed in paper bags and stored in four 

environments: cold chamber 1 (5 ± 2 °C, 70 ± 5% relative 
humidity), cold chamber 2 (12 ± 2 °C, 70 ± 5% relative humidity), 
air conditioned room (18 ± 2 °C, 65 ± 5% relative humidity) and 
natural environment (without neither temperature nor relative 
humidity control). During the storage, the temperature and relative 
humidity of the environments were monitored (Figure 1).

 Figure 1. Monthly averages of maximum (Tmax) and minimum 
(Tmin) temperatures and relative air humidity in 
natural environment, from June 2010 (beginning of 
experiment) to May 2011 (end of experiment).

The seeds were evaluated before the storage and 3, 6, 
9 and 12 months after it, in accordance with the following 
methodologies:

Water content – defi ned by the oven method at 105 ºC, for 
24 hours, using two samples of each replication, in accordance 
with the Rules for Seed Testing (Brasil, 2009). The results 
were expressed in percentage of water content.

Germination – four samples with 50 seeds for each 
replication were used; they were treated with 2,4 g of fungicide 
Captan for each kilogram of seeds. Then, they were sowed in 
towel paper (3 sheets) moistened with distilled water in a ratio 
of 2.5 times its dry weight. The paper rolls were kept in a 
germinator at 25 oC. The evaluations were made 5 and 14 days 
after the sowing. The results were expressed in percentage of 
normal seedlings (Brasil, 2009). 

Accelerated aging - plastic boxes with lid (gerbox) with 
40 mL of distilled water were used. Above the water, a screen 
with seeds in one layer was placed; for each replication, 
four samples with 50 seeds were used. After that, the boxes 
were kept in B.O.D. at 42 ºC for 120 hours. After this aging 
period, the seeds were removed from the chambers in order 
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to conduct the germination tests, as described above, and the 
normal seedlings were calculated five days after the sowing 
(Brasil, 2009). The results were expressed in percentage. 

Electrical conductivity – it was conducted with four 
samples of 50 seeds for each replication. The samples were 
previously weighted in a precision scale and put in a cup with 
75 mL of deionized water. The cups, containing water and 
seeds, were placed in a germination chamber (BOD type) and 
kept under constant temperature of 25 ºC. After 24 hours of 
soaking, the electrical conductivity was determined with a 
Digimed CD-21 conductivity meter, in accordance with the 
methodology described by Vieira and Krzyzanowski (1999). 
The results were expresses in µS.cm-1.g-1 of seeds. 

Emergence in greenhouse – the seeds were sowed on 
plastic trays, using sand as substratum. The sowing was made 
in rows 10 cm apart and 3 cm deep, with 4 samples of 50 seeds 
for each replication. The substratum moisture was maintained 
with daily irrigation. The number of emerged seedlings 
was calculated after 21 days. The results were expressed in 
percentage.

Statistical design – the experiment was conducted in 
split plots in a completely randomized design with three 
replications. Environmental factor was applied in the plots, 
cultivars in the subplots and storage period in subplots. For 
the variance analysis, regardless of the relevance, the option 
was to expand environment x cultivar x storage interaction. 
The regression analysis was made for the storage period. The 
data were analyzed by the Statistical and Genetic Analysis 
System - SAEG (SAEG, 2007).

Results and Discussion

When characterizing the germination and dormancy in 
seeds of recently harvested rice cultivars (Table 1), it was 
possible to note low percentage of dormancy among the 
cultivars. The highest percentage was found for cultivar 
Seleta (13%), which is a lowland cultivar. The other seeds 
of highland cultivars virtually did not present dormancy (6% 
for Curinga and 2% for Relâmpago). Vieira et al. (2002) 
also observed that the dormancy is more intense right after 
the harvest in lowland cultivars when compared with the 
highland ones.

Table 2 shows the results of the seeds’ water content 
from three rice cultivars, during the storage in different 
environments. The initial water content ranged from 13,0% 
to 13,7%. During the storage, the water content variation was 
less than 1%, which means that, in these storage conditions, the 
water content of the cultivar seeds was close to hygroscopic 
equilibrium due to the storage. 

 Table 1. Results for germination and dormancy of seeds of 
rice cultivars before storage.

Cultivars Germination (%) Dormancy (%) 
Seleta 66 C 13 A 

Curinga 77 B   6 B 
Relâmpago 82 A   2 C 

 Averages followed by the same letter do not present relevant difference at 5% 
of probability level by Tukey’s test.

For cultivar Seleta, it was possible to note the maximum 
germination (Figure 2), corresponding to the overcome dormancy 
period, occurred after 6,8; 6,2; 7,0 and 6,6 months of storage, in 
5 °C, 12 °C, 18 °C and natural environments, respectively. The 
maximum seedling emergence (Table 3) occurred after 5,6; 5,3 
and 5,7 months, in 5 °C, 12 °C and natural environments; there 
was no effect of the storage period at 18 °C.

For cultivar Curinga, the seed germination (Figure 2) 
was not affected by the storage period at 5 °C, 12 °C and 
natural environment; at 18 °C, there was a slight increase 
in germination until 5,8 months. The seedlings emergence 
(Figure 3) was not affected during the seeds storage at 5 °C, 
18 °C and natural environment; the conservation of seeds at 
12 °C caused a slight increase in germination until 5,6 months.

For cultivar Relâmpago, the seed germination (Figure 2) 
remained constant during the storage at 5 °C, 12 °C and 18 °C; in 
natural environment, there was a slight increase until 3,1 months. 
Figure 3 shows that there was no change in the seedling emergence 
during the seeds storage at 12 °C; there was increase in emergence 
until 3,0; 5,6 and 2,2 months of storage at 5 °C, 18 °C and natural 
environments, respectively.

The increase on germination and emergence of seedlings 
from cultivar Seleta may be explained by the dormancy 
overcome, which was 13% at the beginning of the storage period 
(Table 1). For cultivars Curinga and Relâmpago, the percentage 
of dormant seeds was very low, 6% and 2% respectively, and this 
fact does not explain the germination and emergence increases 
occurred during the storage (Figures 2 and 3).

By analyzing, altogether, the initial germination and 
dormancy results (Table 1) and the germination and emergence 
during storage (Figures 2 and 3), it is possible to note that 
cultivars Curinga and Relâmpago did not present dormant 
seeds. For cultivar Seleta, in general, the seed dormancy 
was broken after 5 to 7 months of storage, regardless of the 
conservation environment, showing that there was no effect 
of the environment temperature on the time period needed 
for this cultivar to break the dormancy. Different from the 
present study, Vieira et al. (2008) verified that seeds stored 
in conventional environments break the dormancy faster than 
seeds stored in cold and dry chambers.
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Table 2. Water content (%) of seeds of rice cultivars, during the storage in different environment conditions.

Storage period 
(months) Environments 

Cultivars 
Seleta Curinga Relâmpago 

0 

5 °C/70% RH   13.6 aA1/ 13.7 aA 13.0 aB 
12 °C/70% RH 13.6 aA 13.7 aA 13.0 aB 
18 °C/ 65% RH 13.6 aA 13.7 aA 13.0 aB 

Natural 13.6 aA 13.7 aA 13.0 aB 

3 

5 °C/70% RH 12.8 bB   13.1 abA 12.8 cB 
12 °C/70% RH 12.8 bB 12.8 cB   13.3 abA 
18 °C/ 65% RH   13.0 abA   12.9 bcA 13.0 bA 

Natural 13.2 aA 13.3 aA 13.4 aA 

6 

5 °C/70% RH 13.5 aA 13.5 aA 13.1 bB 
12 °C/70% RH 13.7 aA 13.5 aA 13.6 aA 
18 °C/ 65% RH 13.1 bB 13.3 bB 13.7 aA 

Natural 13.5 aA 13.5 aA 13.6 aA 

9 

5 °C/70% RH 14.0 bA 14.0 bA 14.2 aA 
12 °C/70% RH 14.0 bA 14.0 bA 14.0 aA 
18 °C/ 65% RH 13.8 cA 13.8 cA 13.8 bA 

Natural 14.5 aA 14.6 aA 14.2 aB 

12 

5 °C/70% RH 13.8 aB 13.7 bB 14.0 aA 
12 °C/70% RH 13.8 aA   13.8 abA   13.6 bcB 
18 °C/ 65% RH 13.4 bA 13.3 cA 13.4 cA 

Natural 14.0 aA 14.1 aA 13.8 bB 
 1/ Averages followed by the same lowercase letter in the column and same capital letter in the line do not present relevant difference at 5% of probability level 

by Tukey’s test.

Figure 2. Germination (%) of seeds of rice cultivars during the storage in different environments.
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Figure 3. Emergence of seedlings from seeds of rice cultivars during the storage in different environments.

In cases where there was break dormancy, regardless 
of the cultivar and storage environment, after the maximum 
germination was reached, a process of natural deterioration of 
seeds initiated, resulting in a reduction of the germination. In 
general, the deterioration behavior was the same in all four storage 
environments, except for the cultivar Seleta seeds that were stored 
at 12 °C and cultivar Relâmpago seeds in natural environment. In 
these conditions, after 12 months of storage, the seeds from cultivars 
Seleta and Relâmpago presented less than 70% of germination. 
For the remaining treatments (cultivar and environment), after 12 
months, the germination was higher than 70%.

Macedo et al. (1999) evaluated rice seeds stored for 12 
months in the city of Campinas - SP, Brazil, with average 
relative humidity of 72% and average temperature of 21 °C, 
and observed a gradual reduction in germination starting on 
the eighth month.

The seed vigor, given by the accelerated aging test 
(Figure 4), did not change during the storage at 5 °C for 
cultivars Seleta and Curinga; at 12 °C for cultivar Relâmpago; 
at 18 °C for cultivars Seleta and Relâmpago and in natural 
environment for cultivars Curinga and Relâmpago. When 
there was decrease after reaching the maximum vigor, only 
cultivar Seleta at 12 °C and in natural environment presented 

less vigor than the initial after 12 months of storage.
Silva et al. (2010), when studying rice, corn and beans 

seeds stored under natural conditions in the state of Mato 
Grosso, which usually presents average annual temperature 
of 26 °C and average relative humidity of 75%, observed a 
reduction of vigor, by the accelerated aging test, after the 
second month of storage, regardless of the package used. 
However, Macedo et al. (1999), evaluating the rice seeds 
stored for 12 months, in Campinas - SP, Brazil, with average 
relative humidity of 72% and average temperature of 21 °C, 
observed a reduction of vigor after the sixth month of storage.

The seedlings emergence percentage was not affected 
during the storage of seeds from cultivar Curinga in all four 
environments. Cultivar Seleta, with 12 months of storage, 
presented a lower emergence percentage in relation with the 
initial storage period, except for the 18 ºC environment. The 
same happened with cultivar Relâmpago, when the seeds were 
stored at 18 ºC and in a natural environment. In general, it was 
possible to note that the behavior of the emergence percentage 
(Figure 3) was similar to the germination behavior (Figure 2).

The seed vigor, obtained by the electrical conductivity test 
(Figure 5), was affected during the storage only for cultivar 
Seleta in 5 °C, 12 °C and natural environments, and for cultivar 
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Curinga at 5 °C; after six months of storage the conductivity 
increase and, consequently, reduction of vigor was already 
detected. These results indicate that the storage period increase 

causes the molecules activation energy to be intensified, altering 
the water viscosity and, consequently, increasing the electrical 
conductivity values (Alves and Sá, 2009).

 
Figure 4. Vigor (%), by the accelerated aging test of seeds of rice cultivars during the storage in different environments. 
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In general, the high vigor of the seed lots after six months 
of storage corresponds with the break dormancy of these 
cultivars, and also in this period, it was possible to not the 
maximum germination. 

By the vigor tests used in this study, it was possible to 
verify that, as the storage period increased, there was a more 
significant deterioration of the seeds. The deterioration, in 
theory, begins with the physiological maturation; however, it is 
more frequently detected during the storage. The physiological 
potential decrease along the time period is not restricted to 
the germination capacity reduction, but it gets slower, and 
the sensitivity to environmental adversities is emphasized, 
characterizing the vigor decrease (Marcos-Filho, 2005).

Once the seed reaches the maximum physiological 
quality, that means, the maximum level of germination and 
vigor, a continuous and irreversible process of deterioration 
begins. The deterioration process in seeds involves a sequence 
of biochemical and physiological alterations that occur right 
after the physiological maturity, and which cause a reduction 

of vigor, resulting in loss of the germination capacity. It is not 
possible to avoid this process; however, it may be delayed 
when the storage is made under favorable conditions, mainly 
regarding the temperature and relative humidity.

In this study, as the relative humidity was similar in all 
the storage environments, resulting in seeds with very low 
water content variation during the storage period (Table 2), 
the difference in the seed vigor was caused by the temperature 
differences. In general, seeds stored in environments with 
5, 12 and 18 °C of temperature presented, in the end of the 
storage, higher germination and vigor when compared with 
seeds stored in natural environment. In this environment, the 
temperature was above 25 ºC during 8 months, contributing for 
the deterioration of the seeds. The temperature is an important 
factor for the seeds conservation, directly affecting the speed 
of biochemical processes, and indirectly interfering with the 
water content, resulting in other processes, such as the increase 
of enzymes activities (hydrolytic enzymes) and free fat acids. 
Also, the temperature increases the enzymatic and metabolic 

85

80

75

70

65

60

85

80

75

70

65

60

85
80
75
70
65
60

85

75

65

55

45

0           3           6           9          12 0            3           6            9          12

0            3           6           9          12
0           3            6           9           12

^
^

^

^

^

^

^
^

^

^

^

^

Seleta  Y = 70.93

Curinga Y = 62.00

Relâmpago Y = 67.01 + 2.82x - 0.20x2   R2 = 0.95

Seleta  Y = 70.11 + 4.81x - 0.42x2   R2 = 0.82

Curinga Y = 64.54 + 53.70/x   R2 = 0.58

Relâmpago Y = 71.07

Seleta  Y = 77.33

Relâmpago Y = 77.74

Relâmpago Y = 69.47

Curinga Y = 68.80

Curinga Y = 69.33 + 37.50/x   R2 = 0.88 Seleta  Y = 69.10 + 6.06x - 0.63x2   R2 = 0.90



38 Conservation of rice seeds

Journal of Seed Science, v.36, n.1, p.032-39, 2014

reactions rate, causing acceleration of the seeds deterioration 
speed. This important relation may evidence the initial process of 
the seeds deterioration sequence and, the physiological alterations 

of the seeds are directly related with the integrity of their cell 
membranes (Carvalho et al., 2009) which depends on the nature 
of the structural enzymes and protein of each species.

 Figure 5. Vigor, by the electrical conductivity (EC) test of seeds of rice cultivars during the storage in different environments.  
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Conclusions

Cultivar Seleta presented higher dormancy percentage, 
which was surpasses during the storage period regardless the 
conservation environment.

In general, the seeds that were stored in natural 
environment presented lower physiological quality.

Only the seeds from cultivar Seleta, regardless of 
the environment, maintained the germination above the 
requirement for commercialization until six months of storage.
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