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A B S T R A C T 

Rice (Oryza sativa L.) is one of the most widely grown crops in the world and one of the earliest domesticated crop 
species. Also, its consumption is around 20% of the world’s caloric intake. It was aimed in this study to evaluate the 
relation between milled rice yield and physiological quality of rice seeds during storage. Two experiments were carried 
out with seeds of long-fine common rice and special rice cultivars. The storage evaluations were made at 0, 30, 60, 
90 and 120 days. The experimental design was completely randomized with 3 x 5 factorial (cultivars x storage) for 
each experiment, with four replicates. The performed tests were: Milled rice yield, weight of one thousand seeds, 
germination, first count of germination and electrical conductivity. The special rice cultivars ‘BRS 358’ and ́ Jasmine’, as 
well as the common rice cultivars ‘Sinuelo’ and ‘Jaçanã’, have greater potential for seed physiological quality and milled 
rice yield. The physical quality for milling process is linked to the physiological quality of the six cultivars tested. 

Keywords: Oryza sativa L., dormancy, germination, grains

R E S U M O 

O arroz (Oryza sativa L.) é uma das culturas mais cultivadas no mundo e uma das primeiras espécies de culturas 
domesticadas. Além disso, o seu consumo representa cerca de 20% da ingestão calórica do mundo. Objetivou-se 
neste estudo avaliar a relação entre a qualidade de moagem e a qualidade fisiológica de sementes de arroz durante 
o armazenamento. Foram realizados dois ensaios com sementes de 3 cultivares de arroz comum tipo longo-fino e 
3 cultivares especiais de arroz. As avaliações de armazenamento foram realizadas aos 0, 30, 60, 90 e 120 dias. 
O delineamento experimental foi inteiramente casualizado com fatorial 3 x 5 (cultivares x armazenamento) para cada 
ensaio, com quatro repetições. Os testes realizados foram: qualidade de moagem, peso de mil sementes, germinação, 
primeira contagem de germinação e condutividade elétrica. As cultivares especiais de arroz ‘BRS 358’ e ´Jasmine’, 
bem como as cultivares comuns de arroz, ‘Sinuelo’ e ‘Jaçanã’, apresentam maior potencial para qualidade fisiológica e 
qualidade de moagem. A qualidade física do processo de moagem está vinculada à qualidade fisiológica das sementes 
da seis cultivares de arroz testadas. 

Palavras-chave: Oryza sativa L., dormência, germinação, grãos 
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most widely 
grown crops in the world and one of the earliest 
domesticated crop species. Also, its consumption 
is around 20% of the world’s caloric intake; Asian 
countries consume 50% of rice, which represents 
half of the world population (Agrama et al., 2010; 
FAO, 2005). Besides Asia, rice is part of developing 
countries diet and the staple food of more than half 
of the world’s population, more than 3.5 billion 
people depend on rice for their daily calorie intake 
(IRRI et al., 2010).

White rice comes from milling rough rice that is 
usually done at about 14% of moisture content due 
to consumer preference. Economically the price of 
the rice is strongly related to the kernel size and 
shape, whiteness and cleanliness (Conway et al., 
1991).

All these factors are closely related to the milling 
process, where rough rice is primarily subjected to 
dehusking or removal of hulls and then removal 
of the brownish outer bran layer that is known 
as whitening. To finalize, a polishing is made to 
remove bran particles and give a gloss surface 
to the kernels. For the millers, having a high 
percentage of broken kernels after the milling 
represents economically a direct loss to their 
production. These losses during milling depend 
on the variety and content of rough rice, the degree 
of milling required, the kind of rice mill used and 
the operators (Yadav and Jindal, 2001). 

Rice kernels with three quarters or more of their 
original length after complete milling operation 
are classified as head rice. The price of head rice 
is almost double or triple as compared to that 
of the broken kernels. Hence, maximizing the 
proportion of head rice with the desired degree of 
kernel whiteness is the priority for the rice milling 
industry (Yadav and Jindal, 2008). The typical 
maximum of milled rice yield is 65% to 75% and 
the maximum of head yield rice is 55% to 65% 
(Thompson et al., 1990).

Most of the cultivars present a reduction in the 
milled rice yield after a certain degree of maturation, 
in which kernels with low water content are likely 
to be harvested and processing (Faroni et al., 1987). 

Therefore, the harvesting season is fundamental 
for obtaining a quality product with high yield. 
When the harvest is anticipated and the kernels 
have high water content, there is an increase in 
the proportion of malformed and plaster kernels. 
When late harvesting occurs with low grain 
moisture content, yield is affected by dehiscence, 
fissuring, and reduction of milled rice yield after 
milling (Smiderle and Pereira, 2008). 

Many researchers have focused on improving 
milling quality through plant breeding programs, 
improved cultural practices and optimization of 
harvesting and drying conditions (Gravois, 1998; 
Abud-Archila et al., 2000; Dong et al., 2003; A-Bond 
and Bollich, 2007). Otherwise, no research was 
found about the correlation between physiological 
quality of rice seeds and milled rice yield. Seed 
harvested for continued rice production may 
require different physiological and/or chemical 
characteristics as compared to seed harvested 
for milling, and because of that most available 
literature is published separated.

Seed rice has a dormancy that is broken after a 
period of storage. Mikkelsen (1967) and Takahashi 
(1967) indicated that rice is not true embryo 
dormancy, since embryos when excised from 
dormant seed germinate freely. Seshu and Sorrells 
(1986) affirmed that the hull and the pericarp act 
independently in imposing dormancy in rice seeds, 
considering the hull a predominant dormancy 
factor. 

Also a number of physical or chemical factors can 
be responsible for arresting germination as the 
non-availability of oxygen to the embryo caused 
by the hull and the pericarp impermeability, 
or high peroxidase activity, and the occurrence 
of growth inhibitors such as abscisic acid, and 
phenols in the covering structures as well as in the 
embryo, or short-chain saturated fatty acids, could 
be considered possible reasons for seed dormancy 
in rice seed (Roberts, 1961; Mikkelsen, 1967; 
Takahashi, 1967; Navasero et al., 1975; Hayashi, 
1987; Majumder et al., 1989).

The increase in the yield of head rice following 
a storage period, cited by technicians of the 
“Cooperativa Mista Rural Vale do Javaés – 
Coperjava in Castro et al. (1999) would be due to 
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the lower adhesion of the endosperm of the seeds 
to the bark as the storage proceeds, which facilitate 
the removal during the debarking. The same 
authors also affirm that the storage of the seeds 
before the milling process contributes to decrease 
the rate of grain break and to increase the working 
efficiency with less wear of the used appliances, 
besides better cooking. 

The effect of storage time on appraisal physical and 
physiological quality in rice seeds is still not clear, 
and because of that, it was aimed in this study to 
evaluate the relation between milled rice yield and 
physiological quality of rice seeds during storage.

MATERIAL AND METHODS 

The seed used in the experiment was produced 
at “Fazenda Santa Cecília”, in a meadow area of 
Rio Branco, located in Cantá city of Roraima state 
(2°48’27’484 “N and 60°39’17’564” W) during the 
period of December 2013 to April 2014. The type 
of soil was Gleysoil Haplic Tb Distrophic, with the 
following chemical and physical characteristics: 
pH = 5.1; MW = 30.92; P = 12.12 mg dm-3;  
K = 0.21 cmolc dm-3; Mg = 0.38 cmolc dm-3;  
Ca = 1.25 cmolc dm-3; Silt = 468.6 g kg-1;  
Sand = 278.5 g kg-1; Clay = 252.9 g kg-1.

Three special rice Oryza sativa L. cultivars – 
‘BRS 358’ (japonic), ‘Formosa’ (aromatic) and 
‘Jasmine’ (japonic) were produced in a randomized 
complete block design with four replicates, 
and three long-fine common rice Oryza sativa 
L cultivars - ‘Jaçanã’, ‘Sinuelo’, and ‘Tropical’ were 
produced using the same design in the same field 
as the special rice cultivars. The experimental plot 
consisted of eight rows of five meters in length, 
with spacing between rows of 0.25 m; the useful 
area corresponded to six central lines, being 
discarded 0.50 m at the ends. The soil when dry 
was prepared by performing a plowing with a 
harrow, two leveling harrows, followed by the 
construction of the tails. Fertilizers as 120 kg ha-1 
of P2O5 (simple superphosphate with, 20% of P2O5) 
and 90 kg ha-1 of K2O (source: potassium chloride 
with 60% K2O) were used.

Weed control was performed in the pre-emergence 
and after sowing, with the application of the 

equivalent of 1.0 kg of a.i. ha-1 of oxadiazon 
(Ronstar® 250 BR) in the form of spraying via soil 
with humidity close to saturation, according to 
Cordeiro et al. (2009).

Harvesting was carried out after physiological 
maturity was achieved, with the central 4 m of 
the center six rows of each plot being harvested. 
The seeds of each cultivar were homogenized and 
dried at 40 °C for 48 to 72 hours until they reached 
a moisture content of around 13% and were stored 
for three days to balance the moisture content of 
the seeds. Then the seeds of each cultivar of special 
and common rice were placed in paper bags for 
each evaluation period and stored at 25 °C ± 1 
with a relative humidity of approximately 60%, the 
storage evaluations were performed at 0, 30, 60, 90 
and 120 days.

For the laboratory evaluations, an experimental 
design was used as completely randomized with 
a factorial 3 x 5 (cultivars x storage) for each rice 
type (special rice and common rice), with four 
replications. The evaluations carried out in each 
period were: 

Milled rice yield: it was determined by dehusking 
four replicates of 100 g of rough rice per cultivar 
in each period, with a “Suzuki” dehusk machine. 
The rough rice was milled and separated for 30 
seconds to obtain the whole and broken kernels 
and hull, and then the whole kernels were polished 
for 60 seconds and separated again for 30 seconds 
in whole and broken kernels, obtaining, in the end, 
the proportion in grams of polished kernels (head 
rice), broken kernels and hull. 

Weight of one thousand seeds: eight replicates of 
100 pure seeds of each cultivar were used, and then 
weighed in a 0.001 g precision scale; we calculated 
the weight of one thousand seeds according to the 
Rules for Seed Analysis (Brasil, 2009). 

Germination (%): Paper substrate was moistened 
with distilled water 2.5 times the dry paper weight. 
For each sample in question, four replicates were 
used with 50 seeds each, kept in germinator at 
25 °C. Germination was evaluated 14 days after 
sowing, and the number of hard seeds (dormant) 
was also determined (Brazil, 2009). 
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First count of germination (%): This evaluation was 
conducted in conjunction with the germination 
test. The number of normal seedlings was counted 
on the fifth day after sowing (Brazil, 2009). 

Electrical conductivity (μS cm-1g-1 of seed): four 
replicates of 50 seeds for each cultivar were used, 
weighed in a 0.001 g precision scale and placed in 
plastic cups containing 75 mL of distilled water for 
24 hours, at a temperature of 25 °C. The electrical 
conductivity readings were performed 24 hours 
after seed imbibition with a digital conductivity 
meter (Kryzanowski et al., 1999).

The results obtained from the evaluation periods 
of each cultivar from both experiments were 
submitted to the analysis of variance and the means 
comparison, with significance level at 5%, by the 
Tukey test, and for the regression analysis it was 
considerate the R2 (coefficient of determination) 
and the significance of 1% probability for t-test, 
we used the SISVAR software to do the statistics 
(Ferreira, 2011).

RESULTS AND DISCUSSION

The analysis of the mean squares shows a significant 
interaction between the factors variation studied 
in the two experiments (Table 1), which suggests 
the effect of storage environment on seed quality 
varied among the cultivars.

The milled rice yield data for the special rice 
cultivars (Figure 1A) had initial (zero-day) yields 
of 57%, 49%, and 40% and final (120 days), 72%, 
72%, and 53% yield, for ‘BRS 358’, ‘Formosa’ 
and ´Jasmine’, respectively. In the common rice 
cultivars (Figure 1B) the increase in yield during 
storage was observed, which the cultivar ‘Jaçanã’ 
showed the highest yield compared to the other 
cultivars, with a total of 64% of milled rice yield at 
the end of 120 days, though ‘Tropical’ and ‘Sinuelo’ 
had 56% and 57%, respectively.

The increase in the yield of milled rice during 
storage, cited by technicians of the “Cooperativa 
Mista Rural Vale do Javaés – Coperjava” in Castro 
et al. (1999) would be due to the lower adhesion of 
the endosperm of the seeds to the hull as the storage 

Table 1 - Mean squares of the whole milled rice yield (WMRY), broken milled rice yield (BMRY), weight of one thousand seeds 
(WTS), first count of germination (FCG), germination (GERM), hard seeds (HS) and electrical conductivity (EC), 
obtained in cultivars of special rice (experiment 1) and long-fine common rice (experiment 2) cultivated in the state 
of Roraima

Experiment 1 

F.V. D.F. WMRY BMRY WTS FCG GERM HS EC

Cultivars (CV) 2 327,689** 371,253** 19.866** 7305.267** 4469.150** 3465.8170** 18.761**

Storage (STO) 4 171,878** 102,732** 2.641** 1625.183** 1599.530** 1906.108** 21.838**

CV x STO 8 3,641** 9,233** 0.670** 60.621** 184.275** 455.48** 8.815**

Mean 54,56 10,90 27,56 50 59 23 13,98

C.V.  1,01 8,63 0,73 5,77 5,46 10,52 5,57

Experiment 2 

F.V. D.F. WMRY BMRY WTS FCG GERM HS EC

Cultivars (CV) 2 1760,580** 627,552** 438,253** 2914,517** 1391,017** 994,117** 323,932**

Storage (STO) 4 812,929** 649,315** 1,364** 626,775** 551,017** 213,000** 8,098**

CV x STO 8 50,178** 67,273** 0,388** 84,475** 37,579** 162,575** 4,028**

Mean 55,51 16,99 26,29 67 76 9 15,99

C.V.  1,21 5,79 0,82 5,00 2,73 14,85 5,06

** Significant at 1% by Tukey’s test. C.V. - Coefficient of variation, F.V. - Factors of variation, D.F. - Degrees of freedom.
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proceeds, which facilitate the removal during the 
dehusking. The same authors also stated that the 
storage of the seeds before the milling process 
contributes to decrease the rate of broken kernels 
and to increase the working efficiency with less 
wear of the used appliances, besides better cooking.

Thus, the storage period for special rice cultivars 
‘BRS 358’ and ‘Formosa’ and the common rice 
cultivar ‘Jaçanã’ tended to increase a higher yield 
of head rice when compared to the other cultivars 
(Figure 1A, B).

In the percentage of broken kernels of the special 
rice cultivars (Figure 2A), there was a lower 

breakage of the ‘Formosa’ cultivar (3%) at the end 
of the storage period, otherwise, in the begging 
of the storage, it had 25% of broken kernels. The 
cultivar ‘BRS 358’ had the lowest yield (15%) at 
the beginning of storage and fell to 8% yield at 
120 days. Considering the yield of broken kernel 
of the common rice cultivars, it was observed that 
the cultivar ‘Tropical’ (Figure 2B) had the smallest 
reduction in the broken kernel along with the 
storage, with an initial mean (zero days) of 19% 
and final (120 days) of 13%. While the cultivars 
‘Jaçanã’ and ‘Sinuelo’ had the largest reduction, 
with a percentage of broken kernels at zero days 
of 16% and 13% and at 120 days of 6% and 8%, 
respectively.
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Figure 1 - Milled rice yield of: A - special rice cultivars: ‘BRS 
358’ (▼), ‘Formosa’ (○) and ‘Jasmine’ (●) and B 
- common rice cultivars: ‘Jaçanã’ (▼), ‘Sinuelo’ 
(○) and ‘Tropical’ (●); produced in the state of 
Roraima. ** - significant at 1% by test t.

Figure 2 - Yield of broken kernels of: A - special rice cultivars: 
‘BRS 358’ (▼), ‘Formosa’ (○) and ‘Jasmine’ (●) and 
B - common rice cultivars: ‘Jaçanã’ (▼), ‘Sinuelo’ 
(○) and ‘Tropical’ (●); produced in the state of 
Roraima. ** - significant at 1% by test t.
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The correct harvesting time is fundamental for 
better quality seeds and higher yields, early or late 
harvesting may increase kernel breakage in crop 
yield due to the presence of malformed kernel 
(early harvest) or low kernel water content causing 
cracking (late harvest) (Smiderle et al., 2008). 
At the Brazilian national level of broken kernel the 
percentage after polishing is around 28% (Vieira 
and Carvalho, 1999), and in the cultivars studied 
in this work, yields of broken kernel were obtained 
below this level.

The potential of crop yield observed in common 
and special rice cultivars produced in the state of 

Roraima , presented promising data, especially 
for the cultivation of special rice, with head rice 
(‘BRS 358’ and ‘Formosa’) above the national 
mean.

The data obtained for a thousand seed weight had 
significant variations throughout the storage for all 
special and common rice cultivars, being observed 
weight loss in the periods of 30, 60 and 90 days 
and a slight increase at 120 days, but this increase 
was lower than the initial weight. This oscillation 
in weight may have contributed to the increase of 
the milled rice yield since the reduction of the size 
could facilitate the detachment of the endosperm 
within the hull.
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Figure 3 - special rice cultivars: ‘BRS 358’ (▼), ‘Formosa’ (○) 
and ‘Jasmine’ (●) and B - common rice cultivars: 
‘Jaçanã’ (▼), ‘Sinuelo’ (○) and ‘Tropical’ (●); 
produced in the state of Roraima. ** - significant 
at 1% by test t.

Figure 4 - Seed germination of the first count (%): A - special 
rice cultivars: ‘BRS 358’ (▼), ‘Formosa’ (○) and 
‘Jasmine’ (●) and B - common rice cultivars: ‘Jaçanã’ 
(▼), ‘Sinuelo’ (○) and ‘Tropical’ (●); produced in 
the state of Roraima. ** - significant at 1% by test t.
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The mean weight of one thousand seeds during 
storage was 22.3g, 26.8g, and 31.3g for ‘BRS 358’, 
‘Formosa’ and ´Jasmine’ (Figure 3A), and 26.9g, 
28.7g and 29.3g for ‘Jaçanã’, ‘Sinuelo’ and ‘Tropical’ 
(Figure 3B), respectively, in zero days. At 120 days 
it was 21.8g, 26.1g and 31.3g for ‘BRS 358’, ‘Formosa’ 
and ́ Jasmine’ and 26.4g, 27.6g and 29.1g for ‘Jaçanã’, 
‘Sinuelo’, and ‘Tropical’, respectively. 

Together with the good physical quality of 
the kernels for the milled rice yield, comes the 
physiological quality that will bring information 
about the potential of the cultivars to present 
uniform stand of plants and vigor. For Souza 
et al. (2007) seed quality is important for the 

establishment of the population in the field, 
development, and production. However, rice 
cultivation is still considered a byproduct in 
Brazil, in contrast to well established crops such 
as soybeans. These same authors also affirmed 
that the main product of rice is the head rice, and 
the obtaining of seeds with physiological quality 
is of paramount importance to guarantee a high 
standard of kernel productivity and quality.

In determining physiological quality, it was 
observed in the first count of germination at 
zero days of storage that for special rice cultivars 
(Figure 4A) the lowest result was for seeds of the 
cultivar ‘Formosa’ (39%), while the others were at 
60% germination. The common rice cultivars had 
percentages below 50% (Figure 4B), and the cultivar 
‘Tropical’ being the lowest percentages of 7%.

As the storage period increased, seed germination 
increased, characterizing the overcoming of 
dormancy over time. At 120 days the cultivars 
‘BRS 358’ and ´Jasmine’ (Figure 4A) and the 
cultivars ‘Sinuelo’ and ‘Jaçanã’ (Figure 4B) 
exhibited the greatest germination rate (above 
75%).

This lower initial germination percentage shows 
the dormancy present in the cultivars of the two 
experiments. This is in accordance with Bewley 
and Black (1994) which stated that rice seeds may 
have a temporary germination suspension even 
when the seeds are in favorable conditions for 
germination and are therefore considered seeds 
dormant.

The storage duration also increased the final 
count of seed germination in both experiments, 
with cultivars ‘BRS 358’ (86%) and ´Jasmine’ (87%) 
(Figure 5A) showing the highest germination 
increment storage period (120 days). The same was 
observed in the cultivars ‘Jaçanã’ and ‘Sinuelo’ 
(Figure 5B) in which they presented higher 
germination at the end of storage (83% and 79%) 
compared to ‘Tropical’. In both experiments, the 
cultivars mentioned above were the ones that had 
lower dormancy from the beginning to the end of 
the storage.

According to Amaral (1992), there are several 
causes of dormancy in rice seed genotypes, among 
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Figure 5 - Seed germination (%): A - special rice cultivars: 
‘BRS 358’ (▼), ‘Formosa’ (○) and ‘Jasmine’ (●) and 
B - common rice cultivars: ‘Jaçanã’ (▼), ‘Sinuelo’ 
(○) and ‘Tropical’ (●); produced in the state of 
Roraima. ** - significant at 1% by test t.
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them temperature and humidity are the ones that 
most influence the occurrence of dormancy. Low 
temperatures at the beginning of maturation and 
high temperatures at 10 to 15 days after flowering 
could induce seed dormancy. Additionally, the 
interaction of elevated temperatures after flowering 
with the presence of inhibitors and the restriction 
absorption of O2 by the hull-pericarp complex, also 
determine dormancy in rice.

The percentage of hard seeds (Figure 6) was 
directly related to the germination, in which due to 
the dormancy present in the seeds, the percentage 
is higher at the beginning of storage and reduced 

as dormancy is exceeded. This confirms the 
presence and level of dormancy of the seeds in 
both experiments and among the cultivars studied. 
The cultivars ‘Formosa’ (Figure 6A) and ‘Tropical’ 
(Figure 6B) presented a higher percentage of hard 
dormant seeds throughout the storage.

The results obtained for the electrical conductivity 
of the special rice seeds cultivars had values 
significantly lower at 120 days, in relation to the 
zero days (Figure 7A). This reduction may be 
indicative of seed germination vigor increasing 
during storage. At zero days the conductivity was 
15.80, 20.79 and 14.09 μS cm-1g-1 and 14.13, 18.07 
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Figure 7 -  Regression Equation for productivity of achenes 
according to plant population (Campo Novo do 
Parecis, MT, Brazil, 2015).

Figure 6 - Electrical conductivity (μS cm-1g-1) of: A - special 
rice cultivars: ‘BRS 358’ (▼), ‘Formosa’ (○) and 
‘Jasmine’ (●) and B - common rice cultivars: ‘Jaçanã’ 
(▼), ‘Sinuelo’ (○) and ‘Tropical’ (●); produced in 
the state of Roraima. ** - significant at 1% by test t.
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and 11.60 μS cm-1g-1 for the cultivars ‘BRS 358’, 
‘Formosa’, ´Jasmine’, respectively. However, data 
obtained from seeds of common rice cultivars 
(Figure 7B) had significant results, lower at the 
beginning of storage and higher at the end with 
oscillations during the period, and the test was not 
efficient to detect the increase of vigor as observed 
in the first experiment (Figure 7A). At zero days the 
conductivity was 12.65, 11.42 and 11.78 μS cm-1g-1 
and in 120 days 15.69, 12.61 and 12.71 μS cm-1g-1 
for the cultivars ‘Jaçanã’, ‘Sinuelo’, and ‘Tropical’, 
respectively.

In rice cultivation, dormancy is understood as a 
resistance to germination in pre and post-harvest 
(Foley and Fennimore, 1998), related to the levels 
of seed maturation, by exposure to environmental 
conditions present between the maturation and 
harvest stage. Therefore, it is possible to occur a 
dormancy variation between cultivars, lots and 
harvests, varying from 11 weeks after harvest to 
120 days after the beginning of storage (Amaral 
and Gonçalo, 1977).

Based on the results obtained in both physical and 
physiological quality tests, it was possible to verify 
that the quality of the seeds of special and common 

rice are directly related. These results suggest a 
seed physiological test (such as a germination test) 
may be a useful indicator for the producers about 
when is the best time to mill rice to maximize yield, 
because loss of dormancy that indicates the hull 
adhesion to the seed is lost, what facilitate milling 
process. The better the seed physiological quality 
the better the kernels for the milling process.

CONCLUSIONS

The special rice cultivars ‘BRS 358’ and ´Jasmine’, 
as well as the common rice cultivars ‘Sinuelo’ 
and ‘Jaçanã’, have greater potential for seed 
physiological quality and milled rice yield. 

The physical quality for milling process is linked 
to the physiological quality of the seeds of special 
rice (‘BRS 358’, ‘Formosa’ and ´Jasmine’) and 
common rice (‘Jaçanã’, ‘Sinuelo’, and ‘Tropical’).

Both the special rice and the common rice 
cultivars need a period of storage to overcome 
dormancy, improve milled rice yield, and enhance 
physiological quality.
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