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Influence of the storage environment on the physiological quality of 
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ABSTRACT – Millet is a species of the grass family used in cattle pastures, for hay, for silage, and in soil cover in no-
tillage systems. However, studies on seed production and post-harvest techniques for this species have not been sufficiently 
developed, considering the demand for and potential of this crop. The objective of this study was to monitor the physiological 
quality of millet seeds stored in porous packaging. Millet seeds were stored under four ambient conditions (natural laboratory 
environment, dry chamber, refrigerator, and freezer). Physiological quality was evaluated by germination and vigor tests 
before and during storage each year, up to six years for the dry chamber and natural laboratory environment, and up to 12 years 
for the refrigerator and freezer. Analysis of variance was conducted on the data, which were in 4 × 6 and 2 × 12 (environment 
and storage period) factorial arrangements. The means of the environments were compared by the Tukey test (p ≤ 0.05) and the 
storage periods by regression analysis. The germination capacity of millet seeds is best conserved in a refrigerator and freezer, 
and they remain viable for up to twelve years of storage under these conditions.

Index terms: germination, conservation, physiological quality.
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Influência do ambiente de armazenamento na qualidade fisiológica de sementes 
de milheto (Pennisetum glaucum (L.) R. Br.

RESUMO – O milheto é uma espécie da família das gramíneas, utilizada na produção de pastagens para bovinos, feno, silagem e 
na cobertura do solo em sistema de plantio direto. No entanto, estudos sobre produção de sementes e técnicas de pós-colheita para 
esta espécie são incipientes considerando-se a demanda e o potencial desta cultura. Diante disso, objetivou-se monitorar a qualidade 
fisiológica de sementes de milheto armazenadas em embalagem porosa. As sementes de milheto foram armazenadas em quatro 
condições ambientais (ambiente natural de laboratório, câmara seca, geladeira e freezer). A qualidade fisiológica foi avaliada pelos 
testes de germinação e vigor antes e durante o armazenamento, anualmente, até 6 anos para o ambiente de câmara seca e de ambiente 
natural de laboratório e até 12 anos para geladeira e freezer. Os dados foram submetidos à análise de variância e analisados em 
esquema fatorial 4 x 6 e 2 x 12 (ambiente e período de armazenamento), com médias de ambientes comparadas pelo teste de Tukey 
(p ≤ 0,05) e períodos de armazenamento por análise de regressão. A capacidade germinativa das sementes de milheto é mais bem 
conservada em geladeira e freezer, permanecendo viáveis por até doze anos de armazenamento, nestas condições.

Termos para indexação: germinação, conservação, qualidade fisiológica.

Introduction

Pearl millet (Pennisetum glaucum) is an annual cycle 
species from the tropical climate of the Poaceae family used in 
production of pasture for bovines and as soil cover in no-tillage 

systems; it is also used as a green manure crop and for hay and 
silage.  In various regions of the world, it is grown for grain 
production (Landau and Pereira-Filho, 2016; Mi et al., 2017). 
Millet seeds are important for maintaining and expanding the 
areas growing this grain and forage crop (Scheffer et al., 1985); 
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yet there are no conclusive studies in the literature regarding 
the length of time and/or conditions under which these seeds 
can be stored for the purpose of conserving maximum vigor 
and retarding the effects of natural deterioration. 

The germination capacity of seeds tends to diminish 
under storage, which may be accentuated or not depending 
on the conditions of temperature and relative humidity of the 
storage environment. After harvest, the deterioration process 
may advance until all the seeds lose their viability. Thus, the 
implications arising from data collected during the storage of 
seeds from important crops like millet enhance knowledge 
regarding the mechanisms that govern loss in vigor of these 
seeds, and this knowledge can be used for better conservation 
of the species (Nguyen et al., 2015).

Therefore, the challenge arises of seeking to ensure 
that all areas be planted with seeds of a high standard of 
physiological, physical, genetic, and sanitary quality (Santos 
et al., 2016), especially for millet, which has not been the 
focus of many studies regarding conservation of seeds during 
storage (Bahry et al., 2008).

The length of time in storage that seeds can maintain their 
capacity to germinate is crucial for any species. Knowledge of 
the main seed characteristics regarding the manner of storage 
is fundamental for conservation, and moisture content, 
temperature, and relative humidity are the main factors (Toledo 
et al., 2013; Umarani et al., 2015; Rocha et al., 2017; Venial et 
al., 2017; Silva et al., 2018). Knowledge of these factors that 
affect seed quality can make longer storage periods possible, 
allowing seeds to be used for sowing at different times of the 
year (Tombolato et al., 2009; Silva et al., 2015; Souza et al., 
2016; Rocha et al., 2017). 

With all these aspects in mind, the aim of this study was 
to assess the physiological quality of millet seeds over the 
time of storage.

Material and Methods

Millet (Pennisetum glaucum (L.) R. Br) seeds of the 
cv. BN-2, produced in Botucatu, SP, Brazil, were manually 
harvested and threshed on May 10, 2002. They were then dried 
and packaged in single-layer paper bags and placed under 
four storage environment conditions. The storage conditions 
were as follows: the natural laboratory environment (without 
control of relative humidity and temperature), dry chamber 
(40–50% relative humidity without temperature control), 
refrigerator (10–15% relative humidity and temperature 
from 5 to 7 °C), and a “Frost Free” freezer (48–52% relative 
humidity and temperature from -18 to -22 °C).

Before storage, the seeds were characterized by 1000 seed 

weight, moisture content, and germination. Evaluations were 
made one month (year zero) after the beginning of the storage 
period in annual intervals beginning in July 2003 through 
determination of moisture content, germination percentage, 
and seed vigor.

The 1000 seed weight was evaluated before storage, 
using eight replications of 100 seeds, following the method of 
the Rules for Seed Testing (Brasil, 2009).

Moisture content was determined by the laboratory oven 
method at 105 °C ± 3 °C for 24 hours, with two replications 
(Brasil, 2009) of approximately 2 to 3 g of seeds.

The germination test was performed with four replications 
of 100 seeds, sown in germination paper (PR) previously 
moistened with water in the amount of two and a half times the 
weight of the dry paper in a B.O.D. germinator, at a temperature 
of 20–30 °C, with counting of normal seedlings at three and 
seven days after sowing (Brasil, 2009). In the final count, normal 
and abnormal seedlings and germinated and ungerminated seeds 
were determined (Brasil, 2009), and their respective percentages 
were calculated (Nakagawa et al., 1991). The first count of the 
germination test was considered as the indicator of seed vigor. 

The assessments of seeds stored in the natural laboratory 
environment and in the dry chamber were made up to six years, 
because after that period there was infestation of the seeds 
by storage pests, and reliable dada could not be obtained. In 
the refrigerator and freezer environments, the assessments 
continued up to 12 years, when they ended for lack of material.

A completely randomized experimental design was 
used on the data from the germination test in 4 × 6 (four 
environments and six years of storage) and 2 × 12 (freezer 
and refrigerator environments and twelve years of storage) 
factorial arrangements, with four replications. Analysis of 
variance was conducted on the data. The mean values in 
reference to the storage environments were compared by 
the Tukey test (p ≤ 0.05), considering up to six or twelve 
years, and those of storage time by regression analysis for 
each storage environment – considering six years for the dry 
chamber and natural laboratory environment and twelve years 
for the refrigerator and freezer.

Results and Discussion

The millet seeds had a 1000 seed weight of 5.4 g, moisture 
content of 12.5%, and germination of 66% in determinations 
made before storage. After a month of storage under ambient 
(natural laboratory), dry chamber, refrigerator, and freezer 
conditions, the moisture contents were 10.5%, 10.6%, 8.2% 
and 12.1%, and germination was 97%, 96%, 93% and 91%, 
respectively, showing modification in moisture content and 
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increases in germination due to dormancy release of newly 
harvested seeds (Oliveira et al., 2011; Toledo et al., 2013). 

Dormancy release after physiological maturity is an 
event controlled by various factors, resulting from changes 
in temperature and moisture content of the seeds, which 
trigger changes in hormones like ABA, phenolic compounds, 
and proteins in the seeds, and dormancy can be overcome 
(Nakagawa et al., 2004; Née et al., 2017; Bian et al., 2018).

The data on moisture content of the seeds stored in the four 
different environments for the period of six years in the natural 
laboratory environment and dry chamber and for twelve years in 
the refrigerator and freezer are shown in Table 1. The moisture 
contents varied in the different environments due to the seeds 
being stored in porous packaging, which facilitates hygroscopic 
equilibrium in accordance with relative humidity (Toledo et al., 
2007; Toledo et al., 2013; Costa et al., 2015). The seeds stored 
in the different environments had mean moisture contents of 
9.9, 9.7, 5.9 and 13.2% for the natural laboratory environment, 
dry chamber, refrigerator, and freezer, respectively.

Storage conditions contribute to maintaining the quality 
of seeds up to the time of their use. Therefore, the ambient 
conditions related to high temperature, relative humidity, and 
seed moisture content must be observed before storage, since 
unfavorable conditions lead to accelerated reduction in seed 
longevity (Suriyong et al., 2015).

Among the previously cited factors, seed moisture content 
is considered the main factor that affects seed longevity 
because it can induce a high respiratory rate and consumption 
of energy reserves, and this is one of the main characteristics to 
be observed (Martins and Camargo, 2014; Wang et al., 2018). 
Ullmann et al. (2018) and Zucareli et al. (2015) in studies on 
sorghum and carioca common bean, respectively, observed 
that seeds of these species stored with a higher moisture 
content deteriorate more rapidly, suggesting that moisture 
content is a factor that may considerably affect seed longevity. 
In contrast, in the present study, the seed moisture content 
in each environment over the storage period showed small 
changes, therefore indicating that the moisture content may 
not have been the most influential factor in maintaining the 
physiological quality of the seeds (Nakagawa et al., 2004).

Nevertheless, it should be remembered that under natural 
ambient conditions, there is variation in relative humidity 
throughout the year, with consequent activity in seed moisture 
content, whereas in the other storage conditions, variation 
is minimal. In the city of Botucatu, where the experiment 
was conducted, the lowest relative humidities occur in July, 
when assessments were made, which explains the lower 
moisture contents of the seeds stored in the natural laboratory 
environment (Table 1).

Table 1. Moisture content (%) of millet seeds stored for up 
to six or twelve years in different environments.

Time
(years)

Storage environment
Natural laboratory 

environment
Dry 

chamber Refrigerator Freezer

0 10.5 10.6 8.2 12.1
1 10.3   9.0 6.2 13.8
2 10.3   9.9 5.4 13.6
3 10.2   8.4 5.5 13.8
4   9.5 10.0 5.9 13.8
5   9.6   9.7 5.7 13.4
6   9.0 10.6 4.9 11.8
7 - - 5.0 11.6
8 - - 7.1 14.0
9 - - 4.7 13.8

10 - - 5.4 14.3
11 - - 9.2 14.0
12 - - 4.0 11.7

Means   9.9   9.7 5.9 13.2

According to the germination data, there was significant 
interaction between the environment and the seed storage 
period from zero up to six years for the percentage of 
germination and first count of germination; then, statistical 
unfolding was performed (Table 2). The dry chamber and 
natural laboratory environment were not favorable for storage 
since after the period of six years, insect attack occurred in 
the seed lots stored in those environments, and only the seeds 
of the refrigerator and freezer environments were left, which 
remained for up to 12 years. This occurrence indicates the 
need for more rigorous, preventive, and continuous control of 
storage pests when seeds are stored in porous packaging in a 
dry chamber and in a natural laboratory environment.

In addition, in the freezer, under the temperature from -18 
to -22 °C, there were higher percentages of ungerminated millet 
seeds over the storage period of up to six years (Table 3). These 
results corroborate those of Bessa et al. (2015), who found the 
same response in crambe seeds.

The results of germination and of first count of germination 
and of the decompositions of the interaction between the 
environments and the storage periods are shown in Table 2. In 
general, the freezer and refrigerator environments were those 
that provided the best conditions for seed conservation for a 
period of up to six years. In contrast, in the natural laboratory 
environment and in the dry chamber there was a decline in 
mean values (p ≤ 0.05) as storage time advanced, for both the 
germination and first count of germination variables.
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Table 2. Decomposition of the interactions for mean 
percentages of germination and of first count of 
germination (FC) of millet seeds stored for six 
years in different environments.

-----------------------Environments------------------------
Natural laboratory 

environment
Dry 

chamber Refrigerator Freezer

Years ---------------------- Germination (%) --------------------

0 97 a 96 a 93 a 91 a
1 91 a 94 a 91 a 90 a
2 94 a 93 a 90 a 88 a
3 92 a 94 a 92 a 81 b
4 93 a 95 a 92 a 88 a
5 87 a 88 a 89 a 91 a
6 77 b 87 a 92 a 89 a

------------------------- FC (%)-----------------------------
0 96 a 95 a 89 a 89 a
1 91 a 93 a 87 b 85 a
2 90 a 88 a 79 b 78 b
3 87 a 90 a 85 a 72 b
4 90 a 93 a   85 ab 77 b
5 82 a 83 a 84 a 84 a
6 75 b   82 ab 91 a 85 a

*Mean values followed by the same letters in the same row do not differ 
statistically by the Tukey test at 5% probability.

Table 3. Mean percentages of abnormal seedlings (AS) and 
of ungerminated seeds (US) of millet according to 
storage time and environment.

Treatment AS (1) US (1)

Storage time
0   0*     5*
1 1   8
2 1   4
3 3   5
4 2   6
5 3   8
6 3 11

Storage environment(2)

Environment   2ns   7 ab
Dry chamber 2 5 b
Refrigerator 2   6 ab

Freezer 2 9 a
Interaction ns ns
C.V. (%) 10.69 10.39

(1)Data transformed in arcsine (x/100) + 0.5 for statistical analysis; mean 
values shown are from the original data.
(2)Mean values followed by the same letter in the column for comparison of 
storage environments do not differ statistically by the Tukey test (p ≤ 0.05).
ns = not significant.
* and ** significant at 5% and 1% probability, respectively.

The results of assessment of physiological quality of 
the seeds stored under the different conditions are shown 
in Figure 1 by percentage of germinated seeds (A), of first 
count of germination (B), and of ungerminated seeds (C). 
These results show that the storage conditions of the natural 
laboratory environment and of the dry chamber were harmful 
to seed physiological quality as storage time advanced, and 
the greatest reduction was found for the natural laboratory 
environment, as seen by the greater slope of the curves 
(Figures 1A and 1B). The percentages of ungerminated seeds 
(Table 2, Figure 1C) during the storage period also show the 
worse storage condition of the natural laboratory environment, 
and the results of the germination test as well.

Based on these results shown in Figure 1 and Table 2, 
two groups with different environmental conditions can be 
considered to assess the effects of temperature and of relative 
humidity on seed physiological quality. The dry chamber and 
the natural laboratory environment have similar conditions of 
temperature variables, whereas for relative humidity, the dry 
chamber is more stable throughout the entire storage period, 
with lower oscillations in seed moisture content, resulting in 

better conservation of physiological quality.
The refrigerator and freezer environment have temperature 

and relative humidity conditions with small oscillations, which 
was confirmed by the moisture content of the seeds during the 
storage period (Table 1). The low relative humidity, from 10 
to 15%, maintained in the refrigerator environment, although 
with higher temperature, from 5 to 7 °C, contributed to better 
physiological quality of the seeds after six years of storage, 
compared to the seeds stored in the freezer, at lower temperatures.

These results corroborate those obtained for sudangrass 
(Sorghum sudanense) seeds, in which the refrigerator and 
freezer environments, followed by the dry chamber, led 
to more adequate conservation than the natural laboratory 
environment, which had faster loss of vigor (Toledo et al., 
2007; Toledo et al., 2013). In black oat seeds, the refrigerator 
and freezer environments were also more favorable for 
conservation than the dry chamber environment and natural 
environment (Nakagawa et al., 2004).  

The mean data of percentage of first count of germination, 
of germination, and of germinated seeds are presented in Figure 
2 and show the effect of the storage environment. For the 
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Figure 1. Mean percentage of germination (A), first count of germination (B), and ungerminated seeds (C) of millet, stored for 
six years in different environments. 

Figure 2. Mean results of first count of germination (A) and germinated seeds (B) of millet according to storage time and 
environment. 
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variables of first count of germination and germinated seeds, 
there was a linear and quadratic tendency, respectively, as 
observed in Figures 2A and 2B. The refrigerator environment 
best preserved the physiological quality of the seeds over 
time, with mean germination of 88% at 12 years.

In addition, over the years, in the freezer and refrigerator 
environments, the vigor index, analyzed by the first count 
of germination, decreases less sharply when storage begins 
(Figure 2B), corroborating other studies (Marcos-Filho, 2015; 
Silva et al., 2015).

Storage of millet seeds in a freezer or refrigerator 
environment makes it possible to conserve the physiological 
quality of millet seeds for 12 years, with germination 
percentages above the standard recommended for 
commercialization, which is 75% (Brasil, 2008). In addition, 
the seed moisture content and the temperature of these two 
environments were factors that had a positive effect during the 
storage period, manifesting the orthodox nature of the seeds. 
The temperatures in these environments may have contributed 
to reduce metabolic activity and respiratory rates in the seeds, 
which may favor maintenance of viability during this period 
(Garcia et al., 2014; Nardello et al., 2016).

The results obtained in this study also corroborate those 
found by Araújo Neto et al. (2005) in Acacia polyphylla 
DC seeds, by Borba Filho and Perez (2009) in Tabebuia 
impetiginosa DC seeds, and  by Silva et al. (2015) with apple 
of Sodom (Calotropis procera WT), in which it was observed 
that the percentage of germination is more affected in the 
natural laboratory environment, where there is no control of 
temperature and relative humidity.

The results of this study confirm the effect of different 
storage conditions on the germination and vigor of millet seeds, 
as well as the need to choose an environment that allows seed 
physiological quality to be maintained for a longer period.

Conclusions

The germination of millet seeds is best conserved in 
the refrigerator and freezer environment, making storage 
possible for up to twelve years. The storage environments of 
the dry chamber and natural laboratory environment are less 
favorable for storage of millet seeds.
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