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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°C 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°C, —20°C 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°C over drying with periodic
heating to 45°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°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 o — positive correlation, y — 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 Il 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].
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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).
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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].
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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.
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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.
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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.
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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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3BEPITAHHA TEHETUYHUX PECYPCIB POC/TUH

3BEPII'AHHSI HACIHHSI PUCY (Orysa sativa L.) Y KOHTPOJIbOBAHUX YMOBAX

Meta. BU3HAYUTH LUISIXM ONTUMI3allii YMOB JOBTOBIYHOCTI HACIHHS PHUCY IS KPAIOTO
30epeKEeHHsI TeHETHYHUX PECyPCiB Li€i KyIbTypH TaK 1 CENEKIIHHUX IIJIEH.

Pe3yabTaT Ta o6roBopenHs. [IpoBeaeHo aHaii3 KUTTE3JATHOCTI HACIHHSA 3pa3KiB pUCY
(Orysa sativa L.) subsp. japonica: var. italica, var. nigro-apiculata, var. subvulgaris; subsp.
indica, var. mutica ta var. fortuna, mo BupomyBajgoCh y MiBACHHOMY cTemy Ykpainu. Ilepen
30epiraHHsAM HACiHHsS BHCYIIYBAJIOCh IOBITPSHUM IIOTOKOM 3a Temreparypu He Buiue 25°C ta
BIIHOCHO1 BoJiorocti 25% a0 pexomenaoBaHoi Bojorocti 6 — 8 %. Hacinug nami 36epiranoch B
repMeTuuHiii Tapi 3a temneparypu 4°C i —20°C. 3a pe3yabraTaMy JOCHIiIKEHb YCTAHOBJIEHO, 11O
JUTS OUTBIIIOCTI 3pa3KiB PUCY CIIOCTEPIraid BIAMIHHY JOBTOBIYHICTD y Pi3HI POKU pEenpoAyKIii. Y
MOCYIIIJIMBI POKH BUPOIIYBAaHHS HACIHHS PHUCY 30epirajo BUXIIHY CXOXICTh 0€3 iCTOTHUX 3MiH
nporsroM 10 pokis i moBmie HaBiTh 3a Temmeparypu 30epiramns 4°C. Bigminnocti 3a
JOBrOBIYHICTIO HAciHHS pucy Subsp. japonica ta subsp. indica 06roBoproOTECs. Y MeEKax OJHOIO
IIIBUTY HE BUSBIICHO TIEPEBAr 3a JIOBFOBIYHICTIO HACIHHS Pi3HUX PI3HOBUJIIB.

BucHoBKH. Y CIIpUATINBI pOKH BHPOIIYBAHHS HACIHHS PUCY 3 BojoricTiO 6 — 8 % 31aTHe
30epiraTi BUXIJTHY CXOXICTh 0e3 icToTHHX 3MiH mpotsrom 10 pokis i gosmre. Ilpu 36epiranni
HACiHHS OJTHOTO U TOTO X 3pa3ka 3a Temreparypu 4°C i —20°C He croctepiraiy BigMiHu 3a HOro
JOBroBiYHICTIO IpH 30epiranHi 70 10 pokis.

KarouoBi cjioBa: puc, cenoghono, nacinms, 006208iunicms, 80102icms, memnepamypa,
niosuad, pizHo8uUO.
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XPAHEHUE CEMEHA PUCA (Orysa sativa L.) BKOHTPOJIUPYEMBbIX YCJIOBUSX

Heab. ompenenuTs MyTH ONTHMM3AIMH YCIOBUI JONTOBEYHOCTH CEMSH puca IJs TyYIIero
COXpaHEHMs TeHETHUECKUX PECYPCOB ITON KYJIbTYPHI M CEIEKIIMOHHBIX IIeNei.

PesyabTaTrel u o0cyxnenue. [IpoBefeH aHamu3 KHM3HECIIOCOOHOCTH CEMsH OOpaslloB puca
(Orysa sativa L.) subsp. japonica: var. italica, var. nigro-apiculata, var. subvulgaris; subsp.
indica, var. mutica u var. fortuna, KoTopbie BBIpAIIMBAIOCh B I0XHON cTenu YkpauHbl. [lepen
XpaHEHHEM CEMEHa BBICYIIMBAIUCH BO3AYIIHBIM TOTOKOM TIpH TemmnepaType He Bwime 25°C u
OTHOCHUTEIILHOW BIIAXKHOCTH Bo3myxa 25 % 1o pexkomeHaoBaHHOUW BiaxHocTH 6 — 8 %. CemeHa
Jajiee XpaHWINCh B repMeTudyHod Tape npu temneparype 4°C m —20°C. Ilo pesynbraTtam
WCCIIETIOBAaHUM yCTAHOBJIIEHO, YTO JUIsi OOJBIIMHCTBA OOpa3loB puca HaOMIOAaId Pa3HYIO
JONITOBEYHOCTH B Pa3HbIE TOABI PEMPOAYKIMH. B 3acylumuBeie ro/ibl BeIpallliBaHuE CeMEHa puca
COXPaHSUIM MCXOJHYIO BCXOXKECTh 0€3 CYIIEeCTBEHHBIX M3MeHeHui B TeueHue 10 yeT u Jomblie
naxe npu Temrepatype xpanenus 4°C. Pazandus mo J0JIroBEYHOCTH CeMsH prca subsp. japonica
u subsp. indica oOcyxnarorcs. B mpezpenax oJHOTO MojaBUAa HE BBISIBICHO MPEUMYIIECTB IO
JOJTOBEYHOCTH CEMSTH Pa3HBIX Pa3HOBHIHOCTEH.

BeiBoabl. B GnaronpusiTHbIE TOIBI BRIPAIIMBAHUS CEMEHA PHCaA C BIAXKHOCTBIO 6 — 8 % CIocCOOHBI
COXpaHAITh UCXOTHYIO BCXOXKECTh 0€3 CYIIECTBEHHBIX M3MEHEHWH B TedeHue 10 yeT u Jobiie.
[Ipu xpaHeHuu ceMsiH OHOTO U TOTO ke oOpasna npu Temneparype 4°C u —20°C He Habm0MaTH
OTJIMYMI TIO UX JIOJITOBEYHOCTH IIPU XpaHeHuu 1o 10 ner.

KiroueBble cioBa: puc, 2eHO@oOHO, cemeHd, 00J208eYHOCMb, GIANCHOCMb, MeMnepamypa,
no08U0d, pasHOBUOHOCHIb.
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