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RICE (Orysa sativa L.) SEED STORAGE UNDER CONTROLLED 

CONDITIONS 
 

Viability of rice (Orysa sativa L.) seeds accessions: subsp. japonica: var. italica, var. 

nigro-apiculata, var. subvulgaris; subsp. indica, var. mutica and var. fortuna was analised. 

The seed accessions were grown in the southern steppe of Ukraine and then stored at 4°C 

and −20°C. According to the research results, it is established that rice seeds in favorable 

cultivation years are able to maintain the original germination without significant changes 

for 10 years and longer with 6-8% moisture content even at 4°C storage temperature. There 

were no differences of rice seeds longevity of the same accessions stored at 4°C and 

−20°C. Differences of rice seed longevity of subsp. japonica and subsp. indica are 

discussed. 

Keywords: rice, gene pool, seeds, longevity, moisture content, temperature, subspecies, 

subspecies, variety. 

 

INTRODUCTION 

According to FAOSTAT, rice is not among the 10 most common crops grown in Ukraine 

[1], but occupies a significant place among the food of the Ukrainian population. In the world, rice 

ranks second after maize by croppage (720-745 million tons/year), yield capacity (4.5 tons/ha) and 

third by sown area (162-164 million hectares) after wheat and maize. [2]. Rice occupies an 

important place among groat crops by taste and dietary properties. Importance for human nutrition 

of this culture is high [3]. Breeding process is relevant, which in turn necessitates the optimization 

of genetic resources conservation of the original breeding material. Known differences in the 

metabolism of rice grains of subsp. japonica and indica [4], which help plants of these subspecies 

to adapt to growing conditions. It can be expected that there will be differences in the seed 

longevity of these subspecies during storage. 

According to DSTU 4968-2008 requirements, rice grain must be processed at moisture 

below 15%. As is known, seeds should be stored at relative humidity 15 ± 3%, which corresponds 

to seed moisture content 3–8 %, according to the Gene bank standards. Storage temperature −18 ± 

3°C is recommended for long-term storage, 5-10 ± 3°C – for medium-term storage.  

According to the Ewarth classification [cited. by 5] rice seeds belong to mesobiotics, 

which remain viable under natural conditions for up to 15 years. Thus, it was found that rice seeds 

at initial moisture content 10.5% completely lost germination after 11 years of open storage (paper 

bags, tin boxes) and 16 years of closed (airtight glass container) at temperature 15-20°C at first, 

then at 7-9°C [5]. It is known that rice seeds lose about 50% of field germination when storage for 

more than one year under normal conditions [2]. 

Information on long-term storage of rice seeds is limited [6]. 12–13% moisture content and 

temperature 0°С are recommended for short-term storage of rice seeds. It is considered, that under 
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such conditions seeds for 12 years are stored. Temperature 4
о
С, −20

о
С are recommended for long-

term storage, which allows to store seed viability for 20-30 years and more [7].. There are no 

advantages of rice seeds longevity when drying at a temperature of 15
о
C over drying with periodic 

heating to 45
о
C [8]. Higer longevity of rice seeds (subsp. indica) at decrease in its postharvest 

moisture content is described. Thus, it is important to determine the optimal storage conditions for 

samples of rice gene pool, which will contribute to its longevity [9]. Eight loci associated with 

seed longevity have been identified. It is believed that the mechanisms associated with improving 

seed longevity may relate to DNA repair and transcription, sugar metabolism, active oxygen forms 

response, embryonic development and root development [10]. Worse seed longevity for subsp. 

japonica with large seeds has been described under conditions of accelerated aging at 35
о
C and 

seed moisture  content 15% [11].  Simple method of seed germination increasing before sowing is 

described. It is connected with in particular, soaking and subsequent drying [12]. 

There are some data of different types of tocopherols content due to the longevity of rice 

seeds [13]. It was found that the longevity of seeds is associated with the presence of tocopherols 

certain types (with α – positive correlation, γ – negative correlation) than with the total amount of 

tocopherols. According to the proteins content and composition in the grain, there are some 

differences in the rice subsp japonica and subsp. indica. In particular, it is believed that subsp 

japonica has more variable prolamines, contains less glutelins and amylose [14, 15]. 

The specific qLG-9 locus was determined by analyzing the loci of quantitative traits 

(QTL), in the presence of which the longevity of rice seeds is significantly extended [16]. 

According to QTL, genetic analysis of seed longevity is known for other crops [17]. Some 

physiological and genetic mechanisms of storage capacity are little known for rice. Studies of 

subsp japonica and subsp. indica hybrid was carried on identifying seed germination QTL and 

fatty acid content during natural and artificial aging [18]. Total 19 QTLs were identified, including 

seed germination and fatty acids QTLs, which had been located on nine chromosomes and had 

phenotypic variation 2.1-22.7%. 

In addition, six pairs of epistatic interactions on seed germination trait were identified. This 

information is intended to be used to better understand the genetic mechanisms of rice seed 

storage capacity and for breeding to create varieties with better storage capacity. The presence of 

QTL, which improves seed longevity, is important in climate change [19]. This locus was 

established in the form obtained by crossing of subsp japonica and subsp. indica samples, located 

on chromosome II and contains 45 genes related to such mechanisms of longevity as oxidative 

stress and repair of damaged DNA. Within this QTL, genes that were expressed predominantly in 

reproductive tissues, seeds or embryos make this QTL reliable. It is also known about the 

importance of weather conditions during the period of grain filling fand prehaviest seed 

sprouting [20]. 

Despite the genetic control of seed longevity, important factors influencing this indicator 

during storage are storage term, temperature regimes, seed moisture and meteorological conditions 

of the cultivation year [21, 22]. 

Thus, the aim of this work was to determine ways for optimization of rice seeds longevity 

and this crop genetic resources conservation for breeding purposes. 

 

MATERIALS, METHODS AND RESEARCH CONDITIONS 

The material for this research were rice (Orysa sativa L.) accessions: subsp. japonica: 

Spalchyk from Russia; Ukraine 5, Bila rozloha volot, UkrNDS 6969 from Ukraine; Csing Feng 2 

from China (var. italica Alef.); Mutant 428, Perekat (var. nigro-apiculata Gust.); Ukraine 96 (var. 

subvulgaris Brsches.); subsp. indica: Yantarnyi (var. mutica Vav.). UkrNDS 6987 (var. fortuna 

Gust.) from Ukraine. 

The seeds were grown in the southern steppe of Ukraine (Skadovsk district, Khersonska 

oblast) in 1995-2007. Meteorological conditions observed for the years of cultivation during the 

seed formation, filling and ripening are shown in Fig.1. 
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Fig.1. Meteorological conditions for growing rice seeds 

Prior to storage, the seeds were air-dried at temperature not exceeding 25°C and relative 

humidity 25% using dehumidifier Munters (Sweden) to the recommended moisture 6-8.5%. After 

drying, seeds were placed in an airtight containers: multilayer foil bags. The most accessions were 

stored at 4°C. Only samples of Yantarnyi (2006 reproduction) and Ukraine 96 (2006 and 2007 

reproduction) were stored at temperature −20°C. 

Seed testing for control during storage was determined by appropriate methods [23, 24]’ 

This testing was provided by germination test between sheets of filter paper at variable 

temperature 20 -30°C. The results were processed using the methods of variation statistics [25]. 

 

RESULTS AND DISCUSSION 

According to the results of research, it was found that for most accessions different 

longevity in years of reproduction was observed. Thus, seeds of Mutant 428 1998, 2001 and 2002, 

reproductions did not show differences from the original germination after 10 years of seed 

storage at temperature 4°C (Fig. 2). While the seed germination of 1995 and 1997 reproduction 

significantly reduced by 21 and 13%, respectively after four years of storage and continued to 

decline further. We believe that this is due to the large amount of precipitation during the seed 

formation and filling in these years (Fig. 1). This which in turn impacts on its longevity. As is 

known for other crops, meteorological conditions of seed cultivation can impact on gene 

expression, which in turn affected the processes of seed development and nutrient accumulation 

[26, 27]. 

 
* Seed moisture content at laying on storage 
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Fig.2. Seed germination of Mutant 428 with seed moisture content 6.9-8.5 %, 1995-2002 year 

reproduction (storage at 4°C) 

There was no rank correlation for this sample was established between seed longevity and 

conditions of the year of reproduction, possibly due to the small sample size (r = 0.83 <1.00 for n 

= 5). 

Perekat variety seeds did not show a significant decrease in germination after 15 years for 

1998 seed sample reproductions, while for the 1995 seed, significant decrease in germination was 

observed after 18 years of storage by 18%. (Fig. 3). 

 

 
* Seed moisture content at laying on storage 

 

Fig.3. Seed germination of Perekat with seed moisture content 8.3 and 7.7%, 1995 and 1998, 

year reproduction (storage at 4°C) 

 

Seeds of Spalchyk variety of 1996, 1999 and 2000 reproductions also did not show a 

significant decrease in germination after 10 years of storage (Fig. 4). It should be noted that these 

years of cultivation were quite arid (Fig. 1). It can be assumed that the seeds of these years of 

reproduction will have better grain quality indicators [27]. 

 

 
* Seed moisture content at laying on storage 
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Fig.4. Seed germination of Spalchyk with seed moisture content 6.9-8.5%, 1996-2000, year 

reproduction (storage at 4°C) 

The germination of Ukraine 5 rice seeds remained unchanged for ten years of storage for 

the samples of 1998, 1999 and 2002 year reproductions, while in wetter 1997 and 2000 year 

reproductions significant decrease in germination was observed after 8 years of storage (Fig. 5). 

We believe that, as in the case of variety Mutant 428 samples, such decrease in germination is  

associated with negative impact of grain formation conditions on seed longevity. But there was no 

found  significant rank correlation between the conditions of the reproduction year and seed 

germination (r = 0.39).for variety Ukraine 5. 

 
* Seed moisture content at laying on storage 

 

Fig.5. Seed germination of Ukraine 5 with seed moisture content 7.5-8.2%, 1997-2002, year 

reproduction (storage at 4°C) 

 

Seeds of Ukraine 96 variety grown in 2001 and 2005 were stored at 4°C, while seed 

accessions grown in 2006 and 2007 year reproduction were already stored at the current level at 

temperature −20°C (Fig. 6). There was no significant negative impact of seed storage in all studied 

variants. Thus, there was no difference in longevity for rice seeds grown under favorable weather 

conditions and stored for 10 years at 4 ° C and −20 ° C. 

 

 
* Seed moisture content at laying on storage 
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Fig.6. Seed germination of Ukraine 96 with seed moisture content 6.2-7.2%, 2001-2007 year 

reproduction (storage at 4°C and −20°C) 

Samples of Yantarnyi variety, subsp. indica did not show significant differences in seed 

germination over the years of research. One of samples was 2005 year reproductions was stored at 

4°C and the other 2006 year reproductions was stored at temperature −20°C. Thus there was no 

difference in longevity between the seed samples of Yantarnyi variety for seed stored for six years 

which were grown in favorable years.  

 

 
*Вологість насіння при закладанні на зберігання 

 

Fig.7. Seed germination of Yantarnyi with seed moisture content 6.4 and 6.8 %, 2005 and 

2006 year reproduction (storage at 4°C and −20°C) 

 

Slight germination decrease was observed for the remaining accessions after 10 years of 

storage. So seed germination of Bila rozloha volot (subsp. japonica 2003 year reproduction) was 

decreased significantly from 90% to 81% (seed moisture 7.6%). Seed germination of Csing Feng 2 

(subsp. japonica 2002 year reproduction) was decreased insignificantly from 98% to 95%. Seed 

germination of UkrNDS 6987 (subsp. indica 2003 year reproduction) was decreased 

insignificantly from 70% to 67%. There was no found advantages by this trait for longevity of 

subsp. japonica and subsp. indica when comparing the longevity of seeds under identical growing 

conditions of different subspecies, There was no found advantages by longevity within one rice 

subspecies of different varieties. 

 

CONCLUSIONS 

Thus, in dry years, growing rice seeds are able to maintain the original germination without 

significant changes for 10 years and longer at seed moisture content 6-8% and storage temperature 

4°C. During the term storage of up to 10 years there was no observed differences in rice seeds 

longevity of the same accession, which were stored at 4°C and −20°C. Further investigations are 

necessary to find differences in rice seeds longevity of subsp. japonica and subsp. indica. 
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ЗБЕРІГАННЯ НАСІННЯ РИСУ (Orysa sativa L.) У КОНТРОЛЬОВАНИХ УМОВАХ 
 

Мета. визначити шляхи оптимізації умов довговічності насіння рису для кращого 
збереження генетичних ресурсів цієї культури так і селекційних цілей. 

Результати та обговорення. Проведено аналіз життєздатності насіння зразків рису 
(Orysa sativa L.) subsp. japonica: var. italica, var. nigro-apiculata, var. subvulgaris; subsp. 
indica, var. mutica та var. fortuna, що вирощувалось у південному степу України. Перед 
зберіганням насіння висушувалось повітряним потоком за температури не вище 25

о
С та 

відносної вологості 25% до рекомендованої вологості 6 – 8 %. Насіння далі зберігалось в 
герметичній тарі за температури 4

о
С і −20

о
С. За результатами досліджень установлено, що 

для більшості зразків рису спостерігали відмінну довговічність у різні роки репродукції. У 
посушливі роки вирощування насіння рису зберігало вихідну схожість без істотних змін 
протягом 10 років і довше навіть за температури зберігання 4

о
С. Відмінності за 

довговічністю насіння рису subsp. japonica та subsp. indica обговорюються. У межах одного 
підвиду не виявлено переваг за довговічністю насіння різних різновидів. 

Висновки. У сприятливі роки вирощування насіння рису з вологістю 6 – 8 % здатне 
зберігати вихідну схожість без істотних змін протягом 10 років і довше. При зберіганні 
насіння одного й того ж зразка за температури 4

о
С і −20

о
С не спостерігали відміни за його 

довговічністю при зберіганні до 10 років. 
Ключові слова: рис, генофонд, насіння, довговічність, вологість, температура, 

підвид, різновид. 
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ХРАНЕНИЕ СЕМЕНА РИСА (Orysa sativa L.) В КОНТРОЛИРУЕМЫХ УСЛОВИЯХ 
 
Цель. определить пути оптимизации условий долговечности семян риса для лучшего 
сохранения генетических ресурсов этой культуры и селекционных целей. 
Результаты и обсуждение. Проведен анализ жизнеспособности семян образцов риса 
(Orysa sativa L.) subsp. japonica: var. italica, var. nigro-apiculata, var. subvulgaris; subsp. 
indica, var. mutica и var. fortuna, которые выращивалось в южной степи Украины. Перед 
хранением семена высушивались воздушным потоком при температуре не выше 25°С и 
относительной влажности воздуха 25 % до рекомендованной влажности 6 – 8 %. Семена 
далее хранились в герметичной таре при температуре 4°С и −20°С. По результатам 
исследований установлено, что для большинства образцов риса наблюдали разную 
долговечность в разные годы репродукции. В засушливые годы выращивание семена риса 
сохраняли исходную всхожесть без существенных изменений в течение 10 лет и дольше 
даже при температуре хранения 4°С. Различия по долговечности семян риса subsp. japonica 
и subsp. indica обсуждаются. В пределах одного подвида не выявлено преимуществ по 
долговечности семян разных разновидностей. 
Выводы. В благоприятные годы выращивания семена риса с влажностью 6 – 8 % способны 
сохранять исходную всхожесть без существенных изменений в течение 10 лет и дольше. 
При хранении семян одного и того же образца при температуре 4°С и −20°С не наблюдали 
отличий по их долговечности при хранении до 10 лет. 
Ключевые слова: рис, генофонд, семена, долговечность, влажность, температура, 
подвид, разновидность. 


