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Physical and physiological quality of rice seeds in function of drying
temperature and storage1

The objective with the work was to evaluate, during storage, the rice seeds physical and physiological quality,
cultivar IRGA 424 RI, dried with different drying air temperatures. For such, rice seeds were harvested with a moisture
content of 22%. Then, they were subjected to drying in a cross-flow dryer, operating in an intermittent system and using
the 55 and 65 ºC drying air temperatures. After, samples containing 50 kg of seeds were stored in PP Woven Bags for 240
days. After drying and every 60 days, physical and physiological analyses were performed. The experiment was conducted
under a completely randomized design, arranged in a split-plot scheme, with 4 replications. The physical quality, estimated
by the seed hectoliter weight, decreased during storage, regardless of the drying air temperature. The germination
percentage, as well as the vigor increased during storage, regardless of drying air temperature due to the dormancy
overcoming process. The dry seeds with the highest drying air temperature showed less vigor throughout the storage,
according to the cold test. The rice seeds drying with an air temperature of 65 ºC, promoted a higher drying speed and
did not negatively influence the seeds physical and physiological quality, however, reduced the vigor.
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INTRODUCTION
Rice (Oryza sativa L.) is a crop produced and consumed

in several countries. In world, rice production in 2018 was
782.0 million tons (Fao, 2020). Brazilian rice production, for
the 2020/21 harvest, is estimated at 10.9 million tons with
an average productivity of 6,374 kg ha-1 (Conab, 2020).

The use of rice seeds with better quality promotes larger
plant stand and better initial development in the field,
providing greater seed productivity (Souza et al., 2007).
Seed quality comprises genetic, sanitary, physical and
physiological characteristics, which determine its
performance in the field, as well as the conservation
potential during storage (Rodo et al., 2000).

Drying and storage comprise some of the main proces-
ses in the rice seeds production since they provide their
conservation until sowing in the next crop. However, when

poorly handled, these processes can significantly alter the
seed quantitative and qualitative characteristics (Marques
et al., 2014a; Scariot et al., 2018).

Artificial drying is an indispensable process for
reducing the rice seeds moisture content after harvest,
enabling storage, since it is not recommended to harvest
seeds with low moisture content, due to the greater
susceptibility to breakage and cracks and loss of quality
due to staying in the field. However, during drying the
seeds can change the chemical composition and physical
and physiological characteristics, depending on the
conditions in which it is carried out, the most important
factor being the temperature of the drying air used (Garcia
et al., 2004; Menezes et al., 2012).

In storage, the most important factors for maintaining
seed quality are the moisture content and the temperature
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and relative humidity of the air, since these are the main
responsible for breathing and, consequently, for
deterioration. Also, during storage, seeds undergo the
action of numerous processes that favor deterioration,
such as reserves reduction, enzymatic changes, damage
to membranes and toxic substances accumulation resulting
from the oxidation of fatty acids, such as aldehydes and
phenolic compounds, beyond to the insect and fungi attack
(Park et al., 2012).

Seed’s preservation capacity during storage is related
to its initial quality and the drying conditions and storage
(Deliberali et al., 2010). Therefore, the use of high
temperatures can cause immediate damage to the seeds,
found right after drying, and latent damage, observed over
time by reducing the seed storage potential (Afonso Júnior
& Corrêa, 2000).

Given the above, the objective with the work was to
evaluate, after drying and during storage, the rice seeds
physical and physiological quality, cultivate IRGA 424 RI,
dried with different drying air temperatures.

MATERIAL AND METHODS
The study was carried out in the 2017/18 crop at the

Rio Grandense rice Institute (IRGA), located in the
municipality of Cachoeirinha/RS, the Experimental
Agronomic Station  of the Federal University of Rio Gran-
de do Sul (EAS / UFRGS), located in the municipality of
Eldorado do Sul / RS and at the Grain Post-Harvest
Laboratory at the  Federal University of Rio Grande do Sul
Faculty of Agronomy, located in Porto Alegre/RS.

The experiment was conducted completely randomized
design, in a a split-plot scheme, with 4 replications. The
plots were composed by the storage time (0, 60, 120, 180
and 240 days) and the subplots by the drying air temperature
(55 and 65 ºC).

The cultivation to obtain rice seeds, cultivar IRGA 424
RI, was carried out at IRGA, according to the technical
indications of the culture (Sosbai, 2016). When the seeds
reached a moisture content of 22% on a wet basis (w.b.)
mechanized harvesting was performed, with the aid of a
self-propelled harvester. After the harvest the pre-cleaning
process was carried, in an air machine and sieves, aiming
at reducing the percentage of impurities to 1%.

The seeds were dried at EEA / UFRGS in a cross-flow
dryer with static capacity for 1 m3 of seeds, operating in an
intermittent system with a 1:1 ratio (drying time and
equalization time). Drying was carried using two different
drying air temperatures, 55 and 65 ºC, until the seeds reached
a moisture content of approximately 12% w.b.

During the drying, seed samples were taken every 30
minutes, through a trapdoor in the dryer’s discharge duct,
to monitor the moisture content and the temperature of
seeds. Moisture content was determined with the aid of a

portable meter from the brand Gehaka® and model G650,
with subsequent confirmation by the oven method at 105
± 3 ºC for 24 h (Brazil, 2009). To determine the temperature,
the seeds were placed in a styrofoam container for 2
minutes. Afterwards, the temperature was measured with
the aid of a mercury thermometer.

After drying, samples containing 50 kg of rice seeds
were stored in PP Woven Bags for 240 days. During the
storage, which occurred between the months of April and
December 2018, the temperature and relative humidity of
the place were monitored with the aid of a digital
thermohygrometer. The means temperature and relative
humidity recorded during storage were 18.6 ºC and 80.1%,
respectively (Figure 1).

Every 60 days, during storage, physical analyzes were
carried, consisting of the determination of moisture
content, weight 1000-seeds, hectoliter weight, and
physiological analyzes, consisting of germination test, first
germination count, germination speed index, cold test,
electrical conductivity, shoot length and dry-matter transfer.

The moisture content was determined in triplicate by
repetition for each treatment, using oven method at 105 ±
3 ºC for 24 h (Brazil, 2009).

The thousand seed weight was determined by counting
eight repetitions of 100 seeds per treatment. Determination
result was obtained by multiplying the average weight
obtained at the eight repetitions by ten and expressed in
grams (g) (Brazil, 2009).

The hectoliter weight was determined on a hectoliter
weighing-machine, with capacity of a quarter of liter. Test
was performed in triplicate by repetition for each treatment.
The result being determined from average of values
obtained and expressed in kg hL-1 (Brazil, 2009).

The germination test was conducted with 400 seeds
per treatment, which were sown in rolls of germitest paper
soaked in distilled water at a proportion of 2.5 times their
weight and kept in a germinator at 25 ± 3 ºC and photoperiod
of 12 h. Evaluations were carried out in accordance with
Rules for Seed Analysis and the results expressed in
percentage (Brazil, 2009).

The first germination count was performed together
with the germination test. These assessments occurred at
5 days after sowing, by counting the number of normal
seedlings. Results was expressed in percentage (Brazil,
2009).

The germination speed index followed the same
methodology described for the germination test to perform
sowing. However, only 20 seeds were placed in the upper
third of each roll, for a total of eight rolls for each treatment.
Over the course of seven days, the number of germinated
seeds that gave rise to normal seedlings each day was
counted. The index was calculated as described by
Maguire (1962).
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The cold test was conducted on germitest paper rolls,
using the same methodology described for the germination
test. However, immediately after sowing, the rolls were
packed in plastic bags and placed at a temperature of 10 ºC
for seven days in a BOD chamber, according to Loeffler et
al. (1985). Afterwards, the rolls were transferred to a
germinator at a temperature of 25 ºC, for seven days. Then,
normal seedlings were counted, with the results expressed
in percentage.

The seed electrical conductivity was carried out by the
massal system, in which 50 seeds were weighed by
repetition of each treatment, which were later placed in
containers and immersed in 50 mL of distilled water. The
containers were kept in BOD chambers at 25 ºC for 24 hours.
The evaluations were performed with the aid of a bench
conductivimeter (Gehaka®, model CG-220), and the values
expressed in µs cm-1g-1 (Marcos Filho et al., 1987).

The shoot length was obtained along with the
germination speed index, through measurement, with the
aid of a ruler graduated in millimeters, of the aerial part of
10 seedlings, obtained at random, on the 14th day after
sowing (Kappes et al., 2012). The dry matter transfer was
performed together with the determination of the shoot
length. After measuring the aerial part of the seedlings, the
endosperm of normal seedlings was excised, which were
subsequently dried in an oven at a temperature of 65 ºC
until constant weight, the results being expressed in grams
per seedling.

The data were submitted to analysis of variance by the
F Test (p < 0.05) with the aid of the R® software. The
storage time was submitted to regression analysis using
the SigmaPlot® 14.0 software. The drying temperatures
were analyzed by the Tukey Test (p < 0.05) with the aid of
the R® software.

RESULTS AND DISCUSSION
After drying, the rice seeds, from different temperature

conditions, had moisture content between 12.2 and 12.3%.
The drying temperature directly affected the drying time,
with shortest drying time (5.5 h) being observed for the
temperature of 65 ºC and the longest time (6.5 h) for the
temperature of 55 ºC.

The average seed mass temperatures for conditions of
55 and 65 ºC were 34.9 and 37.7 ºC, respectively. The
maximum reached in each drying temperature were 38 ºC
and 43 ºC for 55 and 65 ºC, respectively.

According to variance analysis (F Test (p < 0.05)),
there was only significant effect of storage time for the
variables moisture content and hectoliter weight (Table
1). As for the thousand seed weight, there was no
significant effect of the factors studied, presenting an
average of 25.0 g.

Rice seeds moisture content, due to the tendency to
hygroscopic balance with air, showed a higher value
around 120 days of storage, with lower and similar values
in the other analyzed times (Figure 2A).

Figure 1: Biweekly mean of temperature and relative humidity in storage site the of rice seeds, IRGA 424 RI cultivar.

Table 1: Variance analysis summary for moisture content (MC),
thousand seed weight (TSW) and hectoliter weight (HW) of rice
grains as a function of drying air temperature and storage time

p value

MC TSW HW

ST 4 < 0.0001 0.0929 < 0.0001
DT 1    0.4284 0.6009    0.6008
DT x ST 4    0.9710 0.8616    0.8392

CV (%)    1.65 1.88    0.25

SV: sources of variation; DF: degrees of freedom; ST: storage time;
DT: temperature. CV: coefficient of variation.

SV DF
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The observed increase in seeds moisture content after
120 days of storage may be related to occurrence of winter
period, in which the temperature is lower and, in this
condition, the hygroscopic balance of the seeds with the
air occurs in moisture contents higher, since it the relative
humidity of the air did not show significant oscillations
over time (Figure 1 ) (Choi et al., 2010). This variation in
seeds moisture content was also observed by other
authors (Ferrari Filho et al., 2014; Tiecker Junior et al.,
2014; Lima et al., 2016).

Seeds hectoliter weight reduced linearly during
storage, regardless of drying air temperature (Figure 2B).
Similar results were found by Morás et al. (2006) and Scariot
et al. (2018) in which they verified a reduction in the
hectoliter weight of rice and wheat seeds over 360 and 240
days of storage under environmental conditions,
respectively.

However, the seeds hectoliter weight decreased 1.2%
at the end of the experiment, a value considered low.
Therefore, this variation along storage could only be
verified due to the high precision of experiment, in view of
the low coefficient of variation (0.25%) obtained for this
variable.

The reduction seeds density, observed by decrease of
hectoliter weight, may be due to the consumption of dry
matter due to the respiratory process (Atungulu et al.,
2017). Another factor that can reduce the hectoliter weight
is the attack of insects and fungi (Antunes et al., 2011),
however in this period the presence of storage insects and
fungi in the rice grains was not observed.

Thousand seed weight did not show statistically
significant changes during storage, regardless of the
drying air temperature used. Similar results were found by
Lima et al. (2019), who found that the thousand seed weight
of rice, cultivar Jaçanã, did not vary until 120 days of
storage.

The results for thousand seeds weight and the low
reduction of seeds hectoliter weight along time may be
related to storage temperature, which can be considered
adequate for maintaining the rice seeds physical quality
according to Ying et al. (1998), since it presented an average
of 18.6 ºC.

According to the variance analysis (F test (p < 0.05)),
there was a significant effect of storage time for the
variables germination, first germination count and
germination speed index of the rice seeds (Table 2). For the
variables cold test and electrical conductivity, an effect of
interaction between storage time and drying temperatures
was verified. As for the variables dry matter transfer and
shoot length, no significant effect of factors tested was
observed, with general averages of 6.5 g seedling-1 and 6.4
cm being obtained, respectively.

Rice seeds germination increased linearly during
storage, regardless of drying air temperature (Figure 3A).
This result agrees with those obtained by Vieira et al.
(2002), Marques et al. (2014) and Lima et al. (2019), which
verified an increase in rice seeds germination up to 270,
240 and 120 days of storage, respectively.

Germination speed index and first germination count
values of rice seeds(Figures 3 B and C) increased linearly
during storage, regardless of drying air temperature, as
verified for the germination test (Figure 3A). These results
are in agreement with those obtained by Lima et al. (2019),
which verified an increase in the first germination count
values of rice seeds up to 120 days of storage. Vieira et al.
(2002) observed an increase in the rice seeds germination
speed up to approximately 180 days of storage.

Seeds electrical conductivity increased during storage
for both drying air temperatures, but with a more prominent
increase in seeds subjected to higher temperatures (Figu-
re 4A). These results are in agreement with those found by
Wang et al. (2017), where they found that drying air

Figure 2: Moisture content (A) and hectoliter weight (B) of rice seeds, cultivar IRGA 424 RI, during conventional storage under
environmental conditions for 240 days.
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temperatures above 60 ºC caused an increase in the
electrical conductivity of rice seeds. Marques et al. (2014a)
and Lima et al. (2019) found an increase in the electrical
conductivity values of rice seeds during storage for 360
and 120 days, respectively.

The highest electrical conductivity values, observed
for dry seeds at the highest temperature (65 ºC), are due to
the damage caused by the use of high drying air
temperatures, which reflect primarily on damage to seeds
cell membranes, changing their permeability and causing
greater solute leaching (Garcia, 2004).

The increase in the electrical conductivity values during
storage evidence the progress of rice seeds deterioration
process over time, since the determination of electrical
conductivity is based on the principle that more
deteriorated seeds have less capacity to repair cell
membranes during the water absorption process and, in
consequence, greater solute leaching occurs, culminating
in the increase in electrical conductivity values (Marcos
Filho, 2015).

According to the cold test, there was an increase in
seed vigor during storage, for both drying air temperatures,

Figure 3: Germination (A), first germination count (B) and germination speed index (C) of rice seeds, cultivar IRGA 424 RI, during
conventional storage under environmental conditions for 240 days.

Table 2: Variance analysis summary of germination (G), first germination count (FGC), germination speed index (GSI), cold test
(CT), electrical conductivity (EC), shoot length (LS) and seedlings dry matter (DM) of rice grains as a function of drying air
temperature and storage time

p value

G FGC GSI CT EC LS DM

TI 4 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.2911 0.1122
TE 1    0.3717    0.7604    0.6726 < 0.0001 < 0.0001 0.2278 0.9263
TI x TE 4    0.8377    0.2703    0.3053 < 0.0001    0.0120 0.8976 0.1267

CV (%)    1.81  11.56    6.83    3.34    3.33 6.9 3.78

SV: sources of variation; DF: degrees of freedom; ST: storage time; DT: temperature. CV: coefficient of variation

SV DF
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due to the dormancy overcoming process. Right after
drying and throughout the storage period, dry seeds with
the highest drying air temperature (65 ºC) exhibited lower
germination percentages, when compared to dry seeds with
the lowest drying air temperature (55 ºC) (Figure 4B). These
results are in agreement with those obtained by Saravia et
al. (2007), who verified, through the cold test, that dry rice
seeds with a temperature of 60 ºC showed less vigor soon
after drying and over 180 days of storage, when compared
with dry seeds with the temperature of 40 ºC.

The results obtained by cold test allow inferring that
the higher temperature caused immediate and latent
damages on the rice seeds vigor, since the dried seeds
with the highest temperature presented less vigor soon
after drying and along the whole experiment, when
comparing the dry seeds with the lowest temperature.
According to Garcia et al. (2004), the thermal damages
caused in seeds due to the drying temperature elevation
are reflected in the physiological system, such as, for
example, in subcellular changes, reserves denaturation,
damages to the embryonic axis and the cell membranes.
 According to the results obtained, it is suggested that the
total dormancy overcoming of rice seeds did not occur
during the experiment execution, since the germination
percentage, germination speed, first count values and the
vigor, measured by cold test, showed an increase until the
last evaluation period.

Overcoming dormancy of rice seeds may be related to
enzymatic processes, inhibiting compounds of germinative
process, storage temperature, genetic aspects of each cul-
tivar and environmental conditions during grain maturation
in the field (Vieira et al., 2008). As with other cereals,
dormancy is overcome during storage and, thus, seed
germination may increase over time.

According to Vieira et al. (2008), the rise in temperature
during storage promotes the dormancy overcoming of rice

seeds in a faster way, while lower temperatures cause the
maintenance of dormancy for a longer time. Therefore, the
storage temperature may have influenced the time for
overcoming seed dormancy in the present study, since the
temperature during storage remained, for the most part,
below 20 ºC and presenting an average of 18,6%. These
temperature values can be considered low according to
Marques et al. (2014b), who found that rice seeds stored
at temperatures up to 18 ºC showed an increase in the
germination percentage up to 7 months of storage, while
seeds stored under environmental conditions, with an
average temperature of 25 ºC, showed the highest
percentages of germination at 3.5 months of storage.

The results obtained in tests based on seedling growth
showed that they were not sensitive enough to estimate
seed vigor as a function of drying air temperature and
storage time, except for the tests of first germination count
and germination speed index, which provided seed vigor
estimates during storage.

In contrast, the cold and electrical conductivity tests
showed sufficient sensitivity to measure the vigor of the
seeds due to the increase in the drying air temperature and
storage time. This result shows that the primary damage
caused by high drying air temperatures occurs on the seeds
cell membranes, since their integrity can directly influence
the results of these tests.

According to Marcos Filho et al. (2015), the electrical
conductivity test is based on the theory that deteriorated
seeds have less capacity to restructure the cell membrane
during the imbibition process, culminating in a greater
amount of leachate. One of the stresses suffered by seeds
during the cold test execution is the increase in the
extravasation of cellular solutes during the water absorption
process, which is favored by low temperature since this
slows down the process of reorganization and repair of
cell membranes.

Figure 4: Electrical conductivity (A) and germination, through the cold test, of rice seeds, cultivar IRGA 424 RI, dried at different
drying air temperatures and stored in environmental conditions for 240 days.
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CONCLUSIONS
Hectoliter weight of rice seeds, cultivar IRGA 424

RI, decreased over 240 days of storage under
environmental conditions, while the thousand seeds
weight did not vary.

Germination and vigor percentage of rice seeds, culti-
var IRGA 424 RI, increased over 240 days of storage due to
the dormancy overcoming process.

Rice seeds dormancy, cultivar IRGA 424 RI, is influenced
by storage conditions, mainly by air temperature, it is not
possible to observe the total overcoming up to 240 days
of storage under the conditions in which the experiment
was conducted.

Rice seeds drying, cultivar IRGA 424 RI, with drying
air temperature of 65 ºC, promoted a higher drying speed
and did not negatively influence the seeds physical and
physiological quality, however, they promoted a reduction
of vigor (cold test) and an increase in electrical
conductivity.
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