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BARLEY SEED STORAGE UNDER CONTROLLED CONDITIONS   

 

Seed longevity of 76 spring barley gene pool samples (Hordeum vulgare L. subsp. 
distichon, convar. distichon: 56 nutans Schubl., two deficience (Steud.) Koern., two 
erectum Rode ex Shuebl., two medicum Koern.; convar. nudum (L.) A.Trof.: one nudum L. 
та subsp. vulgare: convar. vulgare: nine pallidum Ser., three rikotense Regel.; convar. 
coeleste (L.) A.Trof.: one coeleste (L.) A.Trof.) from 26 countries, 11 years and four 
places of reproduction was analyzed. Seeds with 5–8% moisture content were stored in 
chamber with unregulated and 4

o
C temperature. The possibility of seed storage under these 

conditions for at least 10 years without significant changes in germination has been 
established. The importance of meteorological conditions in the formation and ripening of 
seeds for their longevity is confirmed. The relationship between the decrease of barley 
seeds longevity and storage conditions, amount of rainfall, temperature regime during the 
growing season of plants is discussed. 
Key words: barley, seeds, storage, durability, temperature, moisture, gene pool. 
 

INTRODUCTION 
Barley is rich in protein, carbohydrates, vitamins B, minerals, dietary fiber and et al. [1]. 

Original diversity conservation is necessary for successful breeding of barley, known by 
nutritional and fodder properties. Gene pool collections conservation supports the valuable allelic 
composition of the complex of traits that will enhance the crop [2]. Population sequencing studies 
of barley accessions at the genome level and to evaluate their usefulness in applied barley 
breeding is known [3]. A polymorphism of 359 alleles was determined for wild barley samples 
from different countries. Specifically, accessions from Israel and Jordan were found as the most 
genetically diverse, and accessions from Lebanon and Greece were most genetically distant [4]. 
The studies on structural variation, changes over time and associative mapping of quantitative 
traits of varieties of spring two-row barley of European breeding is known [5]. Data using markers 
for traits relating to plant height, straw strength and commonly studied in the field are obtained 
from these studies and known for barley accessions from many places in Europe. Two important 
trends in the genetic diversity state of spring barley accessions of European origin have been 
identified using statistical approaches to population genetics, namely: targeted selection for 
approximately 14% of the total genetic diversity for the last 50 years of breeding and uneven 
genomic distribution. Assotsiative analysis of the data on the phenotypic and genotypic 
investigations evidenced about the some loci presence, located in the relevant regions of the 
chromosomes, which controled the some traits. Many regions of the genome has been established 
for European spring two-row barley which demonstrated encouragingly high genetic diversity. 
However, other regions worry by their monotony [5]. The quantitative trait loci (QTL) has been 
determined for barley flowering duration of the individual Asian specimens, and the required 
sample size was set for the better establishment of QTL [2]. 

The maintainence of seed viability on necessary level is important for plant diversity 

accessions conservation in gene banks. Special conditions are created in gene banks to maintain 
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seed longevity [6]. Importat significanceis has the use of special modes for barley accession 

storage in active collections. 

The post-harvest moisture content of barley seeds, as a rule, exceeds 12% and requires additional 

drying for seed storage [7]. The barley seed storage in production for food and seed purposes allow 

seed moisture content not higher than 14.5% in Ukraine [8]. The indicative levels of seed moisture 

content for storage of gene pool seed samples is known [6]. 

There is experience of barley seed storage with a moisture content lower than the DSTU 

3769-98 recommendations. Barley seeds with 8.8% moisture content when stored first at 18–20
o
C, 

and then at 7–8
o
C after 20 years of storage had a germination rate 83 %. This makes possible to 

attribute this crop to macrobiotics according to the Evart classification [9]. Seed storage of 24 

barley varieties at 20–25
o
C with 8–9 % moisture content in different containers (packaging paper, 

glass and plastic bottles) for 11 years found that after the specified storage the seed moisture 

remained unchanged for all three types packaging, but the germination of seeds varied depending 

on the type of container and averaged 53.2% (paper bag), 63.3% (glass bottle), 61.8% (plastic 

bottle) [10]. Data on barley seed storage in other conditions, especially taking into account the 

meteorological conditions of cultivation are scarce [11]. 

In this regard, the aim of our work was to determine the optimal moisture content of barley 

seeds during long-term storage and influence of meteorological conditions of seed growing which 

contribute to longevity prolongation. 

 

MATERIALS, METHODS AND CONDITIONS  

The material for the study were 76 accessions of spring barley from 26 countries: 14 from 

Ukraine (UKR), eight from Russia (RUS), seven from Mexico (MEX), five each from Germany 

(DEU) and Poland (POL), four from France (FRA), three each from the UK (GBR), the Czech 

Republic (CZE), Canada (CAN), USA (USA) and Australia (AUS), two each from Denmark 

(DNK), Ethiopia (ETH), Tunisia (TUN), one from Austria (AUT), Belgium (BEL), Belarus 

(BLR), Georgia (GEO), Egypt (EGY), Spain (ESP), Kazakhstan (KAZ), Lithuania (LTU), 

Mongolia (MNG), Syria (SYR), Hungary (HUN), Sweden (SWE). Among these accessions are 

four local forms, 30 breeding lines and 41 commercial varieties. These accessions belonged to 

subsp. distichon, convar. distichon: 56 nutans Schubl., two deficience (Steud.) Koern., two 

erectum Rode ex Shuebl., two medicum Koern.; convar. nudum (L.) A.Trof.: one nudum L. and 

subsp. vulgare: convar. vulgare: nine pallidum Ser., three rikotense Regel.; convar. coeleste (L.) 

A.Trof.: one coeleste (L.) A.Trof. The accessions received at the National Repository in 1993, 

1994, 1999, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007 were analyzed. Seed were growing 

in Plant Production Institute nd. a. V. Ya. Yuriev (PРI) zone of the eastern forest-steppe of 

Ukraine, V. M. Remeslo Myronivka Institute of Wheat. (MIW) central forest-steppe of Ukraine, 

Ustymivka Experimental Station of Plant Production of Plant Production Institute nd. a. V. Ya. 

Yuriev (UDSR) – south forest-steppe of Ukraine, Plant Breeding and Genetics Institute – National 

Center of Seed and Cultivar Investigation (PBGI) – southwestern steppe of Ukraine.  

The longevity of barley seeds during storage was influenced by meteorological conditions 

of cultivation, especially during the period of grain filling and harvesting. Indicators of hydro-

thermal coefficient (HTC) [12] May-July years of seed reproduction, which was obtained from 

PPI, located in the eastern forest-steppe of Ukraine, are shown in Fig. 1 
According to the characteristics of the HTC, the growing conditions are determined as dry 

conditions (HTC < 0.5); arid (0.6 < HTC < 1); wet (1 < HTC < 1.5); with excess moisture (1.6 < 

HTC < 2). 

Before storage the seeds were dried at the beginnimg with silica gel (1993, 1994) for 14 

days. In subsequent years of adnition the seeds were dried by air flow at temperature not 

exceeding 25
o
C and a relative humidity 25 % using a dehumidifier Munters (Sweden) to the 

recommended 5–8% moisture content. After that the seeds were placed in a sealed container, 

preferably glass sealed bottles. Sealed containers with seed samples were placed in chamber with  
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unregulated temperature. The average temperature in this chamber storage was 9°C with 

fluctuations ranged from −18°C…+25°C. 

 

,  

Fig.1. HTC of May, June, July in Kharkivska oblast (the territory of the experimental fields 

of Plant Production Institute nd. a. V. Ya. Yuriev). 

 

Appropriate techniques were used to determine seed germinability at the time of laying and 

control during storage [13, 14]. These methods provide germination between the sheets of filter 

paper at 20
o
C. The results were processed using the methods of variational statistics [15]. The 

method of sample particles was used. 

  

RESULTS AND DISCUSSION 

Studies have shown seeds with 5.5% moisture content POB 15531/84, STH 674/84 (POL), 

UA0804348 (SYR) lines and Odeskyi 141 (UKR), Crimmet (AUS) varieties of 1993 reproduction 

year had initial germinability 95 % and above. After four years of seed storage under unregulated 

temperature condition the germinability wasn’t changed. After eight years of seed storage it was 

decreased by more than 10%, for STH 674/84 – by 31%. 

For accessions of 1994 reproduction year: CM 530608 (BEL), SK 3081 (CZE), GKT 803 

(HUN), STH 312/84 (POL) and Aidas (LTU) with 6–8 % seed moisture content after 10 years of 

storage germinability, did not differ significantly from the original despite varying in individual 

cases. Germinability decrease by 7% was observed for ST 126, Gonar (BLR) after 15 years of 

storage (p > 0.05) (Fig. 2).  

The obtained results indicate the optimum level of seed moisture сontent at which seed 

germinability was maintained at a sufficient level under unregulated temperature conditions, It 

should be noted the level of germinability conservation for seeds of 1994 year reproduction was 

higher than that for seeds of 1993. We believe that this is predetermined by lower HTC level 0.77 

of June 1994 year reproductions – the period of formation and grain filling [11]. HTC 1.65 of June 

1993 indicates excessive humidity, in particular, precipitation in 1993 was 86 mm, and in 1994 

40.3 mm. The sum of active temperatures for June 1993 and 1994 was 527.7 and 525.2°C 

respectively. This influence of meteorological conditions coincides with data obtained by other 

scientists, according to which the rainfalls during seed ripening did not contribute to the seed 

longevity [11].  
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There was no determined statistical dependence of seed longevity on moisture content in 

the range 4.8–5.8% (r = 0.22) for accessions of 1993 and 1994 years reproduction, but there is a 

positive correlation between the decrease of barley seed longevity and the amount of rainfall in 

June (r = 0.82). Seed drying with silica gel did not adversely affect the longevity of barley seeds. 

 

 
Fig.2. Seed germination of spring barley accessions 1994 year reproduction (seed storage at 

unregulated temperature) 

 

Barley seed accessions Multum (DEU), Dominique (FRA) (var. nutans), UA0802878 

(MEX) (var. deficiens), Stephen (CAN) (var. rikotense), MICH 73-221-41 (USA) (var. pallidum) 

with a moisture content of 6,6–7,4 % of 1999 year reproduction, which was stored under 

unregulated temperature conditions did not significantly change the germination after 10 years of 

storage (Fig. 3). 

 

 
Fig.3. Seed germination of spring barley accessions 1999 year reproduction (seed storage at 

unregulated temperature) 

 

Seeds of the same year of reproduction of UA0802851 (MEX), Mockovskyi 3 (RUS) (var. 

nutans) decreased their germination by 34 and 17 % respectively (p>0.05). Seed longevity 

dependence on moisture content is not established within the studied moisture limits for 

accessions of this year's reproduction (r=–0,18). A significant germination decrease of these 
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accessions may be explained by their peculiarities, since the rainfall in June 1999 approached the 

arid conditions at a HTC 0.60. 

Barley seed accessions of 2000 year reproduction Mut-3A (ESP), UA0802609 (RUS), SV 

80378 (SWE) and Milady, Adour (FRA), Massey (CAN) with 6.2–8.0% seed moisture content 

and average germination 93% did not substantially change it after storage for 10 years at 

unregulated temperature. There were germination decrease 19% of UA0802609 after 12 years of 

storage and 14% of Milady after 16 years of storage during subsequent storage is observed 

(p>0.05). There was no statistical dependence was found between the longevity and seed moisture 

content in the range of 6.2–8.0%. 

Spring barley accessions of 2001 year reproduction: local forms UA0800134, UA0801219 

(UKR), breeding lines DZ 02-180 (ETH), UA0803014 (MEX) and varieties Nutans 2869, Partner 

(UKR), Primorskii 44 (RUS), Weeah (AUS) at seed moisture of 6.2–7.2% did not significantly 

change the germination after 10 years of storage compared with the initial germination, which was 

90% and above. Further study revealed germination decrease 13% only for DZ 02-180 line after 

16 years of storage (Fig.4). 

 

 
Fig.4. Seed germination of spring barley accessions 2001 year reproduction (seed storage at 

unregulated temperature) 

 

High level of seed longevity was observed at the amount of rainfall 114 mm in June 2001 , 

which is 28 mm more than in 1993. This was noted as unfavorable for seed longevity. This may be 

due to the fact that rainfall contributed to the development of plants, hence the formation of seeds 

in 1993 and 2001, but the seeds of 1993 were dried with silica gel. This may have affected the 

seed longevity, because, as we know [16], the method of drying may affect this index. The HTC 

of June 2001 exceeded 1993 by 1.25, but the HTC of July 2001 was almost 3 times smaller than 

1993. (Fig.1). Thus, we observe the importance of HTC during grain filling for seed longevity. 

According to our observations, there was a high statistical correlation between the HTC level in 

July (the end of barley kernels ripening in the eastern forest-steppe of Ukraine) and a decrease in 

seed longevity (r = 0.84). 

Germination decrease was observed three years after storage for accessions of 2002 year 

reproductions Cantua (MEX), KH Szofi (AUT), Belogorsky 85 (RUS) both at 90% germination 

and lower initial level (Fig. 5). We connect this with a high HTC 1.2 in July and with a low HTC 

0.67 in May. We believe that the wet end of the growing season and the dry start of the growing 

season can adversely affect the kernel formation, which in the future will not contribute to the 

seed longevity [9, 11].  
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Fig.5. Seed germination of spring barley accessions 2002 year reproduction (seed storage at 

unregulated temperature) 

 

In 2003, the total June and July HTC was 4.64 (1.7 + 2.9) at the HTC of May 0.62 (Fig.1). 

It makes possible to predict a little longevity for barley seeds this year reproduction. Seed storage 

of Ca111407 (DNK), POB 18903/80 (POL) (var. nutans Schubl.) 2003 year reproduction enables 

us to expect low seed longevity, but for Olont (MNG) (var. rikotense) variety we has not 

established reducing longevity for seed of 2003 year reproduction (Fig. 6). We associate this with 

the metabolic characteristics of subsp. vulgare: convar. vulgare: var. rikotense Regel, which does 

not reduce the seed longevity despite the adverse weather conditions of the year reproduction. 

Seed germination increasing from 74 % to 92 % and 85 % for Olont and Ca111407, respectively, 

may indicate post-harvest ripening during storage of seeds at reduced initial germination, which 

was due to unfavorable conditions of grain filling and ripening, in particular at HTC level of July 

2.9. 
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Fig.6. Seed germination of spring barley accessions 2003 year reproduction (seed storage at 

unregulated temperature) 

 

Seed storage of Hadm 46459/68 (DEU), Resibee (AUS), Franu 123 (TUN), Escort (GBR), 

Mtskhetskyi 13 (GEO) accessions of 2004 showed no significant changes in germination for seed 
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with 3.2–7.0% moisture content after eight years of storage at 4
o
C. The initial seed germination of 

this sample group was 90% and higher. The high longevity of the seeds of this year's reproduction 

may be due to the humidity conditions of May, June 2004, despite the humid July (Fig.1). A high 

correlation was found between the HTC level in June and the longevity of the seeds (r = 0.94). 

The seeds of the 2005 varieties of barley Parnas, Etiket (UKR) with 6.5% moisture content and an 

initial germination 81 and 96%, respectively, did not change it significantly after nine years of 

storage at 4
o
C (p < 0.05).  

There were also no changes in germination of seeds of 2006 year reproduction in 

accessions D-530 (CZE) Istrinskii 3 (RUS) var. nutans Schubl. at 7% moisture content, 

germination 90% and accession UA0800983 (MEX) var. coeleste (L.) A. Trof. with initial 

germination 20%. This may indicate the individual characteristics of the seed longevity of the 

var.coeleste (L.) A.Trof accession under favorable conditions of the growing year, but low initial 

germinability. A similar trend is observed in the storage of seeds of 2007 cultivation. Accessions 

of barley different varieties Mutant from Don.4 var. nudum L., Nutans 778 var. nutans Schubl. 

(UKR), UA0802005 var. pallidum Ser. (MEX) after seven years of storage at temperature 4
o
C and 

6.1% seed moisture content of different varieties or did not significantly change the germination, 

or even increased it (Fig.7). Such seed germination dynamics we associate with individual features 

of storage of different accessions under favorable conditions of seed cultivation (Fig. 1). For more 

general conclusions, more research is needed. 

 

 
Fig.7. Seed germination of spring barley accessions 2007 year reproduction (seed storage at 4

o
C) 

 

Seeds storage of spring barley accessions 1997–2000: Tennesse N5 (USA), C.I.9819 

(ETH), UA0803027 (MEX), Askold, Yukatan, Odeskyi 100 (UKR), Vixen, Bleinheim (GBR) 

grown in different years at the V. M. Remeslo Myronivka Institute of Wheat. (MIW) – the central 

forest-steppe of Ukraine, which stored with 6.4–8.0% seed moisture content in chamber with 

unregulated temperature, indicates seed germination conservation at the initial level for the first 10 

years (Fig. 8). It should be noted that after 14 years of storage, the seed germination of Tennesse 

N5, Vixen was reduced at 8% seed moisture content. Askold seed germination has been decreased 

by 13% after nine years of seed storage, despite a seed moisture content of 7%. Seed germination 

of most spring barley accessions grown in MIW and stored with 6–8% seed moisture content in 

unregulated temperature chamber, remained unchanged for 10 years. In the future, its germination 

was reduced due to various factors. The Tennesse N5 accession belonged to var. pallidum Ser., 

C.I. 9819 – to var. deficiens Schubl. The rest of the accessions were var. nutans Schubl. No 

longevity benefits were found for accessions belonging to different varieties. 
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Fig.8. Seed germination of spring barley accessions, MIW reproduction (seed storage at 

unregulated temperature) 

 

Seeds of spring barley accessions: GOH 2337 (POL), Riso 7085 (DNK), Enei (UKR), Nutans 642 

(RUS), Adrien, Marina (DEU), Trophee (FRA), Tselinnyi 91 (KAZ) were grown in PBGI 

(southwestern steppe of Ukraine) and remained mainly with unchanged germination after storage 

at unregulated temperature and 7.5–8.2% seed moisture for more than 10 years (Fig. 9). Seed 

germination either remained unchanged or varied and decreased slightly. So in the Adrien variety 

– after 14 years of storage, the germination gradually decreased from 93% to 74% (p > 0.05). 

 

 
 

Fig.9. Seed germination of spring barley accessions, PBGI reproduction (seed storage at 

unregulated temperature) 

 

Seeds accessions from UDSR (south forest-steppe of Ukraine) grown in 1997–2004: MICH 73-

221-38 (USA), Aeneas (UKR), Katarina (DEU), P226659, Slavic (RUS) belong to var. nutans 

Schubl., Lignee 517 (EGY) – var. pallidum Ser. were stored in an unregulated temperature storage 

with 7.5–8.0% moisture content for 10 years without significant changes in germinability (p 

<0.05). After this period 10% germination decrease of Lignee 517 variety seeds was observed. 

Thus, the obtained data indicate that the initial germination level was supported without changes 

for seeds with 7.5–8.0% moisture content at least 10 years , which is consistent with the data of 
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other scientists [11]. In general, the moisture content of barley seeds which contributes longevity 

is by 1–2% higher then bread wheat [17]. 

 

CONCLUSIONS 

The obtained results indicate the possibility of spring barley seed storage with 5–8 % seed 

moisture content at unregulated temperature in the depository located in the eastern forest-steppe 

of Ukraine for 10 years or more. Seeds grown in favorable years in the eastern, central, southern 

forest-steppe and southern steppes of Ukraine have such longevity.  

The importance of meteorological conditions of seed cultivation for its longevity has been 

confirmed. In particular a close correlation has been established between the barley seed longevity 

and rainfall, the HTC level in June and July (the period of seed filling and ripening) (r ≥ 0,82).  
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ЗБЕРІГАННЯ НАСІННЯ ЯЧМЕНЮ В КОНТРОЛЬОВАНИХ УМОВАХ 

 

Мета. Визначити оптимальну вологість насіння ячменю при тривалому зберіганні, яка 
сприяє подовженню його довговічності, та встановити вплив на неї метеорологічних умов 
вирощування насіння. 

Результати та обговорення. Проаналізовано довговічність насіння 76 зразків 
генофонду ячменю ярого (Hordeum vulgare L. subsp. distichon, convar. distichon: 56 nutans 
Schubl., два deficience (Steud.) Koern., два erectum Rode ex Shuebl., два medicum Koern.; convar. 
nudum (L.) A.Trof.: один nudum L. та subsp. vulgare: convar. vulgare: дев’ять pallidum Ser., три 
rikotense Regel.; convar. coeleste (L.) A.Trof.: один coeleste (L.) A.Trof.) з 26 країн світу, 11 років 
та чотирьох місць репродукції. (східний, центральний, південний лісостеп і південно-західний 
степ України). Насіння вологістю 5–8 % зберігалось у сховищі з нерегульованою 
температурою (східний лісостеп України) та сховищі з температурою 4 

о
С. Обговорюється 

залежність між зниженням довговічності насіння ячменю і режимом зберігання, кількістю 
опадів, температурним режимом у період вегетації рослин. 

Выводы. Встановлена можливість зберігання насіння в цих умовах не менше 10 років 
без суттєвих змін схожості. Підтверджена важливість метеорологічних умов при формуванні та 
достиганні насіння для його довговічності.  

Ключові слова: ячмінь, насіння, зберігання, довговічність, температура, вологість, 
генофонд. 
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ХРАНЕНИЕ СЕМЯН ЯЧМЕНЯ В КОНТРОЛИРУЕМЫХ УСЛОВИЯХ 

 

Цель. Определить оптимальную влажность семян ячменя при длительном хранении, 

которая способствует удвеличению его долговечности, и установить влияние на нее 

метеорологических условий выращивания семян. 

Результаты и обсуждение. Проанализированы долговечность семян 76 образцов 

генофонда ячменя ярового (Hordeum vulgare L. subsp. Distichon, convar. Distichon: 56 nutans 

Schubl., два deficience (Steud.) Koern., два erectum Rode ex Shuebl., два medicum Koern. ; 

convar. nudum (L.) A.Trof .: один nudum L. и subsp. vulgare: convar. vulgare: девять pallidum 

Ser., три rikotense Regel.; convar. coeleste (L.) A. Trof.: один coeleste (L.) A.Trof.) из 26 стран 

мира, 11 лет и четырех мест репродукции (восточная, центральная, южная лесостепь и юго-

западная степь Украины). Семена влажностью 5–8 % хранилось в хранилище с 

нерегулируемой температурой (восточная лесостепь Украины) или температуре 4 
о
С. 

Обсуждается зависимость между снижением долговечности семян ячменя и режимом 

хранения, количеством осадков, температурным режимом в период вегетации растений. 

Выводы. Установлена возможность хранения семян ячменя в изученных условиях 

не менее 10 лет без существенных изменений всхожести. Подтверждена важность 

метеорологических условий при формировании и созревании семян для их долговечности.  

Ключевые слова: ячмень, семена, хранение, долговечность, температура, 

влажность, генофонд. 

 

 

 

 

 


