observed in the DK 2, DK 27 and DK 30 lines. DK 34 and DK 39 showed high genotypic ef-
fects, environmental plasticity and stability by high grain weight per spike and 1000-grain
weight. The lines with high plasticity are recommended for breeding of intensive cultivars
with positive response to improved growing conditions, whereas stable lines — as sources for
more rigorous conditions.

Conclusions. Crossing of synthetics with genome ABD with spring bread wheat allows improv-
ing wheat by its genotypic effect, plasticity and stability of the yield and its main components -
grain weight per spike and 1000-grain weight.

Key words: wheat, plasticity, stability, yield, grain weight per spike 1000-grain weight.
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EFFECTS OF DIFFERENT STORAGE REGIMENS ON THE RYE SEED GERMINATION
AND ABSCISIC ACID CONTENT

Zadorozhna! O.A., Yehorov! D.K., Zhmurko? V.V.
! Plant Production Institute n.a. V.Ya. Yuriev, Ukraine
2V.N. Karazin National University, Kharkiv, Ukraine

Long-term storage of rye (Secale cereale L.) seeds often causes certain difficulties. Previ-
ously, common recommendations for rye seed storage modes were specified. The longevity of
rye seeds with 5-7% of moisture content was studied after storage at unregulated temperature
under the eastern forest-steppe conditions in Ukraine, 4°C and —20°C. The rye seed longevity
under these conditions is discussed. A possibility of seed longevity predicting from data on
accelerated aging and abscisic acid (ABA) content was investigated. The value of ABA
content for seed longevity predicting and ABA activity at different storage modes are discussed.

Key words: rye seeds, storage, water content, longevity, abscisic acid

Introduction. Rye (Secale cereale L.) seeds belong to microbiotics, according to the
Evart classification, i.e. to crops that lose their seed viability under natural storage conditions for
three years [1]. Water content in seeds should not exceed 14% for industrial storage [2]. There are
special GenBank standards for long-term seed storage [3]: relative humidity of 15% + 3% and
temperature of —18 = 3 ° C in special depositories. These conditions are recommended for long-
term orthodox seed storage. There were some preceded investigations which were directed at
determination of optimal storage regimens for different crop seeds.

Review of published data and statement of research objectives. The results on the
storage rye seeds with 5.5% of moisture content at —15 °C and 10 °C are known. They indicate
that after 26-year storage the higher seed germinability and the better parameters of seedlings
(length and dry weight) were recorded for accessions stored at —15 © C than at 10 °C or at 0 °C
[4]. Long-term seed storage is recommended at —20 °C, with 5 + 1 % of seed moisture; middle-
term storage — at 10 °C [5].

The lowest recommended level of seed moisture, which extends the seed longevity, rang-
es 2 % to 6 % for different crops. Further reduction in seed moisture is either not significant or
does not prolong the seed longevity [6].

Monitoring of rye accessions with moisture content of 5-8 % stored for a long time at 4 °C
for the seed germinability showed that in most cases the germinability did not change
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significantly for seeds with 6-7% of moisture content [7]. Investigations are carried out to opti-
mize the seed drying procedure and, thus, to prolong the seed longevity [8].

Different accelerated aging methods are used to simulate seed aging. High temperature
and seed moisture content regimens are often used for seed accelerated aging [9]. The optimum
moisture content was determined as 3-4 % for storage at 65 °C and 40-50 °C [10]. In a such
experiment, where rye seeds had moisture content of 5 %, 6 % 7 % and were stored at 37 °C for
up to 24 months, no differences were observed between the seed germinability at these moisture
levels in most cases. In some cases, a higher germinability was recorded for accessions with
moisture content of 5% [11]. The seed longevity of different crops under accelerated aging
conditions depends on seed moisture [12].

Phytohormones ratios play important roles in seed germination. The key role of abscisic
acid (ABA) content in seed dormancy maintaining and germination starting is known [13].

ABA is accumulated in seeds during on-plant ripening and post-harvest ripening[14].
Studies on effects of external phytohormones on the seed germination and structural changes
during germination demonstrated, in particular, that external ABA, unlike gibberellic acid (GA),
inhibited the germination [15], reduced the seedling weight and inhibited a-amylase in seeds
[16]. There are genes which are responsible for ABA synthesis and control seed longevity
[17]. Seed storage investigations showed a reduction in ABA content for some genotypes
stored at 25 °C and for others — only at 5 °C [18]. The issues of the post-harvest seed storage
temperature effect on the content, metabolic and signaling pathways of ABA and GA are dis-
cussed.

Study purpose and objectives. Our purpose was to evaluate the longevity of rye
seeds with 5-7% of moisture content after storage at unregulated temperature (4 °C and —
20 °C) under the eastern forest-steppe of conditions in Ukraine, to assess the possibility of
seed longevity predicting from accelerated aging data and ABA content.

Materials and methods. Seeds of rye lines L.90691 A, L.1201 B (grown in 2011) and
Kharkivianka BK (grown in 2011 and 2012) were taken as the test material. Plants were grown
at the Experimental Base “Elitne” of the Plant Production Institute n.a. V.Ya. Yuriev of NAAS
(eastern forest-steppe of Ukraine) in accordance with agrotechnical requirements [19].

The laboratory received seeds with moisture content of 12% for tests at the beginning
of 2014. Prior to this, seeds were stored indoors at uncontrolled temperature and air humidity
for 2.5 and 1.5 years, respectively. The test seeds were air-dried at temperatures not exceed-
ing 25°C and at relative air humidity of 25% using a dehumidifier Munters (Sweden) to a tar-
get moisture content of 5, 6 and 7%. Seeds with these moisture contents were stored in sealed
containers (glass bottles or multilayer foil packages) in depositories at unregulated tempera-
ture (UT), + 4 °C or —20 ° C for 12, 24 and 36 months. The average annual temperature in the
repository with unregulated temperature of the eastern forest-steppe of Ukraine was 9.5°C.

The rye seed germinability was determined by germinating at 20 °C in compliance
with the recommendations for seed testing [20]. The seedling length was measured on the day
of germinability determination. Accelerated aging was performed at 37 °C for 18 months for
seeds with moisture content of 5, 6 and 7 % [21]. The accelerated aging effect was assessed
after 12 and 18 months of the experiment. To study one of the mechanisms of the germination
dynamics and seed longevity, the ABA content, which may change during storage, in particu-
lar, decrease during storage at low and negative temperatures, was determined [22, 23]. The
ABA content was determined after 12 months of storage [24].

Data were statistically processed to compare the seed germinability under different stor-
age conditions with the initial values of the same samples. We used t-test to assess differences in
the seed germinability between experimental and control samples and to compare the seedlings
lengths in the experimental and control groups. We studied the relationship between the ABA
level and seed longevity by correlation between the ABA level and seed germinability. Statistical
calculations [15] were carried out using Excel.

Results and discussion. The germinability of L.90691A seeds with 5%, 6% and 7% of
moisture content remained either unchanged, i.e. did not differ from the initial values of 56%, 51%
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and 48%, respectively, or there were some variations after 12-months storage of seeds. The seed
germinability decreased by about 15% and 10% after storage of seeds with moisture content of 5%
and 7%, respectively, under unregulated conditions. The germinability of seeds with moisture con-
tent of 5% and 6% decreased by 10% and 14%, respectively after storage at + 4°C.

After further storage for up to 24 months, the previously observed downward trends in the
germinability were noted: by 20% and lower were at UT and moisture content of 5% and 7% and
by 16% in the —20°C group. A decrease in germinability of seeds with moisture content of 5% can
be due to the need for a longer adaptation of seeds at room temperature after storage at -20°C.

A significant decrease in the germinability of seeds with 6% moisture content was observed
after storage at unregulated temperature for 36 months. The germinability did not differ from the
initial value for seeds with 5% and 7% moisture content. The germinability of seeds with 5% mois-
ture content remained unchanged at 4°C. The germinability of seeds with 6% and 7% moisture con-
tent was lower by 16 and 7% than the initial values, respectively. The germinability of seeds with
5% moisture content decreased by 20% for seeds stored at —20°C. The germinability of seeds with 6
and 7% moisture content did not differ significantly from the initial values.

Thus, the best storage regimens for rye line L.90691A seeds with reduced initial seed
germinability were 4°C and UT (eastern forest-steppe of Ukraine) for seeds with 5% moisture
content and —20°C for seeds with 6% and 7% moisture content.

The initial germinability of L.1201 B seeds with 5%, 6% and 7% moisture content was
96%, 95% and 98%, respectively. After 12-month storage at UT, the germinability of seeds with
5 and 6% moisture content was about 80%. The germinability of seeds with 7% moisture content
was 91%, which was significantly lower than the initial germinability.

The seed germinability was also about 80%, and there was not significant difference be-
tween samples with different moisture content after storage during this period at 4°C and —20°C.
It is noteworthy that there were no advantages of —20°C storage of rye seeds with 5-7% moisture
content during this period compared with storage at 4°C and NT.

Line L.1201B seeds with 5%, 6% and 7% moisture content stored at unregulated tempera-
ture for 24 monthes had the average germinability of 95%. There were no significant differences
in the germinability between samples with 5%, 6% and 7% moisture content. The germinability
of seeds with the same moisture content stored at 4°C did not significantly differ from that of
seeds stored at UT (90%). The germinability of L.1201B seeds with the same moisture level
stored at —20°C for 24 months did not exceed the germinability of seeds stored at UT and +4°C
for the same period. The germinability was 80%, 86%, 92% for seeds with 5 %, 6%, 7% moisture
content, respectively.

These germination indices were lower than those of seeds stored at UT and 4°C. This may
be attributed to features of seed sprouting with moisture content 5 and 6% after storage at a nega-
tive temperature.Thus, storage of rye line L.1201 B seeds with 5%, 6% and 7% moisture content
at UT in the eastern forest-steppe of Ukraine, + 4°C and —20°C for 24 months had no advantages
over —20°C storage of seeds with moisture content within 5-7%. In some cases, there was even a
decrease in the germinability of seeds with 5% moisture content, in particular, after —20°C stor-
age. A similar decrease in the germinability of seeds with 5% moisture content stored at —20°C
was observed for L.90691 A line. This demonstrates the importance of seed moisture selection,
even in the range of 5-7% at various storage temperatures.

12-month storage of Kharkivianka BK rye seeds at UT decreased the germinability by 8
and 10% for samples with 5 and 6% moisture content, respectively, and did not significantly af-
fect the seed germinability of a sample with 7% moisture content (Table 1). Storage of Kharkivi-
anka BK seeds with 5% and 6% moisture content at 4°C did not significantly change their germi-
nability compared to the initial value. The seed germinability of this accession with 7% mois-
ture content decreased significantly - by 9%. After storage of seeds with any moisture levels
at —20°C, we observed a significant decrease in the germinability by 13-39%. Subsequent
storage for up to 24 months did not lead to further significant changes in the germinability of
seeds with any moisture contents stored both at UT at 4°C or —20°C. The seed germinability
of these samples was significantly lower than the initial value. Further storage for up to 36
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months did not lead to significant further changes in the germinability either, except for seeds
having 7% moisture content and stored at —20°C. In this case, the germinability decreased by
35 % compared to the germinability after 24-month storage. The experiments on Kharkivi-
anka BK storage indicate no advantages of seed storage at -20°C over UT conditions of the
eastern forest-steppe of Ukraine when the moisture content of seeds was 5-7%. In some cases,
the advantages of storing seeds with moisture content of 5-6% at + 4°C were recorded. The
lack of advantages of storing rye seeds at -20°C for three years can be attributed to the low
average storage temperature in the chamber with unregulated temperature and, possibly,
longer recovery of rye seeds from freezing.

Table 1
Post-storage germinability of Kharkivianka BK rye seeds
Storage period at various Germinability of seeds with moisture content, %
temperatures, months 5 6 7

Original germination 98.3 96.0 95.7
UT*, 12 months 89.9" 86.4" 92.2
4°C, 12 months 98.3" 89.0 86.7"
—20°C, 12 months 77.3" 56.7" 83.1"
UT, 24 months 87.4" 84.8" 81.6"
4°C, 24 months 85.0 86.4" 85.7*
—20°C, 24 months 87.3" 86.6" 85.5"
UT, 36 months 86.2" 82.1" 88.4"
4°C, 36 months 62.5 84" 89.0"
—20°C, 36 months 85.0" 83.5" 50.7

“significant decrease compared to the initial value;
significant difference compared to 7% moisture content.

Only in some cases, the germinability of seeds with 5% moisture content was signifi-
cantly higher than that of seeds with 7% moisture content.

The experiments on accelerated aging of Kharkivyanka BK seeds with 5%, 6% and 7%
moisture content were carried out, where the seeds were stored for 4, 12, 18 months under the
specified model conditions at 37°C. The advantages of storage of seeds with 5 and 6% moisture
content under these conditions over seeds with 7% moisture content were proven (Table 2). Our
results showed that this accelerated aging method could be used to roughly predict the seed via-
bility. In particular, there was a strong positive correlation between the storage of seeds with 7%
moisture content under accelerated aging conditions for 12 and 18 months and 24- and 36- month
storage at —20 °C for seeds with the same moisture content (r = 0.99).

Table 2
Post-accelerated ageing germinability of Kharkivianka BK seeds
Accelerated Germinability of seeds with moisture content, %
ageing period, months 5 6 7
4 months 98.3 96.0 95.7
12 months 88.4*** 87.3%** 79.3*
18 months 59 5*** 63.0%** 24.4*

“significant decrease compared to the initial value;
significant difference compared to 7% moisture content.

After 12-month storage of seeds at unregulated temperature, the total length of L.90691A line
seedlings grown from seeds with 5, 6 and 7% maoisture content was not significantly different from the
initial value in most cases and averaged 19.3 cm. However, the total lengths of seedlings from seeds with
moisture content of 6% and roots from seeds with moisture content of 7% significantly exceeded the ini-
tial values of 15.3 cm by 3-4 cm. A similar variation trend in the seedling length was observed after
12 months of storage at 4°C, but the total average length of seedlings was shorter by 1 cm, i.e. 18
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cm. After 12- month storage of seeds at —20 °C, the total length of seedlings grown from seeds
with various moisture content did not differ significantly (t<1.98). The seedlings from seeds with
5% moisture content were the longest (20 cm vs. the post-storage average length of 17.6 cm for
this regimen).

Thus, we suppose that for 12-month storage of rye line L.90691 seeds 5% moisture con-
tent and —20°C were the best regimen. This regimen increased the seedling length almost by 3 cm
(t=4.2), significantly exceeding the storage of seeds with 7 % moisture content (t=2.1) under the
same conditions by this parameter. Storage of seeds with 5, 6 and 7 % moisture content at UT
and 4°C did not shorten seedlings.

After 24-month storage, the coleoptile length averaged 12.4 cm, which was lower than the
initial coleoptile length by 3 cm (t=—3.1). There were no significant differences in the seedling
length between the samples with 5, 6, and 7 % moisture content and the three storage tempera-
tures (unregulated temperature, 4 °C, —20 °C). 24-month storage of line L.90691A seeds with 5-
7% moisture content at 4 °C or —20 °C was not superior to storage at unregulated temperature of
the eastern forest-steppe of Ukraine, where the average annual temperature is 9°C, in terms of
seed viability.

The seedlings length after 36-month storage did not differ significantly from that after 24-
month storage under corresponding experimental conditions. This trend was observed mainly for
all samples with 5, 6 and 7% moisture content and hel three storage temperatures (unregulated
temperature, 4 °C, —20 °C). After —20 °C storage of seeds with 5 % moisture content the seedlings
were only longer by 2.8 cm than in the previous group after 24-month storage.

Measurement of L.1201 B line seedlings grown from seeds with 5, 6 and 7 % moisture
content showed no significant difference in the seedling length, both after 12 and after 18 months
of storage, regardless of the storage temperature. The total length of seedlings on the day of
germinability determination was about 20 cm. The seedling length/root length ratio was 0.8. After
24-month storage, the seedlings were shorter, averaging 14.3 cm (t>1.98). The seedling
length/root length ratio was 0.6. Within the same storage regimen, the seedling length did not
differ in most cases, regardless of moisturecontent in seeds. The length of seedlings from seeds
with 5 % moisture content stored at — 20 °C significantly exceeded that of seedlings from seeds
with the same moisture content stored at UT (t=2.6 for coleoptile with leaves). The seedlings (up
to 17 cm) from seeds with 5 % moisture content stored at — 20 °C were longer than the seedlings
from seeds with 7 % moisture content stored at the same temperature (t=2.3 for root and t=3.2 for
coleoptile with leaves). Our results on the seedling length show that for two-year storage of
L.1201B line seeds —20 °C and 5% moisture content were the optimal parameters. 12-month
storage of Kharkivianka BK seeds with 5, 6 and 7 % moisture content at UT did not induce
significant differences both in the total seedling length and in root length (however the seedlings
were longer than at baseline in most cases, averaging 21.2 cm) (Table 3).

There were no differences in the length of seedlings grown from seeds of this variety
stored at 4 °C with 5, 6 and 7 % moisture content. The total length of seedlings was 20.6 cm and
did not differ significantly from that of seedlings from seeds stored at unregulated temperature.

The length of Kharkivianka BK seedlings from seeds stored with 5, 6 and 7 % moisture
content at —20 °C for 12 months did not differ significantly, regardless of moisture content, except
for 7 % moisture content, where the seedling were almost by 3 cm shorter (p> 0.05) than those
from seeds with 5% and 6 % moisture content. This may be attributed to the inhibitory effect of
negative temperature storage of seeds with 7 % moisture content on the seed germination.

Kharkivianka BK seedlings from seeds stored for 24 months with 5, 6 and 7 % moisture
content at unregulated temperature and —20 °C did not differ by the total seedling length one from
another, although in the 7 % moisture content group the seedling were almost by 3 cm shorter
than the pre-storage value (p>0.05). This may be due to the suppressive effect of negative tem-
perature on the germination of seeds stored with 7 % moisture content. After 24-month storage,
Kharkivianka BK seeds with moisture content of 5 and 7 % stored at UT and -20 °C did not dif-
fer in the total length of seedlings. Variations in the length of seedlings from seeds with 6 %
moisture content under different storage modes were observed. In this case, the seedlings were by
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1 cm shorter than those from seeds with higher or lower moisture content stored at unregulated
temperature and 4°C and by 1.5 cm higher than those from seeds with 7 % moisture content
stored at —20°C. After storage at unregulated temperature and + 4°C, seeds with 7 % moisture
content produced seedlings and roots that were significantly shorter than pre-storage ones. The
seedling length was substantially lower than the initial value when seeds were stored at —20 °C
with 7 % moisture content. Thus, 2-year storage of Kharkivyanka BK seeds with 5 % moisture
content did not affect the seedling length under the corresponding storage conditions (unregulated
temperature, 4°C, —20°C). Suppression of the length of seedling from seeds with 6 % moisture
content was observed in some cases only. The storage of seeds with 7 % moisture content at the
three temperatures inhibited both coleoptile and root growth (Table 3).

After 36-month storage at UT, 4°C, or —20°C), no seedling growth inhibition was
observed in Kharkivianka BK for seeds stored with 5 % moisture content. After 4°C and —20°C
storage, even the seedlings were even longer by about 1 cm (Table 3). We believe that a
stimulating effect of storage at low positive and negative temperatures is possible. We observed
no significant differences in the length of seedlings from seeds stored with 6 % moisture content
at UT or at 4°C. After —20°C storage, the seedlings were shorter by more than 1 cm. The
seedlings from seeds with 7 % moisture content which were stored for 36 months at the three
temperatures (unregulated temperature, 4°C, —20°C) were by 1 c¢m shorter than the pre-storage
seedlings (p> 0.05).

Thus, the rye seedling length, which is an indicator of physiological and
biochemical processes involved in the seedlings formation and may be affected by seed storage
conditions, did not demonstrate significant differences between 2-year storage of seeds with the
test moisture content at unregulated temperature and 4°C.

Table 3

Kharkivianka BK seedling and root lengths

Length (cm) of seedlings from seeds with moisture content, %
Storage, dura- 5 5 7
tion (months), coleoptile lenath coleoptile lenath coleoptile lenath

temperature length root lengt length root lengt length root lengt

Initial 1.7 7.6 7.5 7.5 8.2 9.6
UT, 12 months 11.7* 10.2* 10.8* 9.8* 11.7* 9.4
4°C, 12 months  11.5* 9.0* 10.0* 12.2 9.5* 9.5
—20°¢, 12 11.4%%** 10.4* 10.8*** 8.8* 7.5 8.6
months
UT, 24 months 7.2 7.6 5.8*** 6.9 6.6 7.1*
4°C, 24 months 7.3 8.2 4.3%** 6.6** 7.0 8.1*
—20°C, 24 7.7 7.6 8.6** 7.8 7.1* 8.2*
months
UT, 36 months 8.1** 7.0%* 7.5%* 7.3%* 5.2* 5.7*
4°C, 36 months 9.0* 8.6 7.4 8.0 8.0 7.1*
—20°C, 36 8.6* 8.3** 5.9* 6.3* 6.8* 6.7*
months

“significant decrease compared to the initial value;
significant difference compared to 7 % moisture content

Analysis of ABA activity indicates a lower ABA content in seeds after lower storage
temperatures(average r=0.69) (Table 4). The highest ABA content was found in seeds with 6 %
moisture content, and the lowest - with 5 % moisture content, i.e. it is expected that seeds with
5 % moisture content will germinate faster than those with 6 % or with 7 % moisture content.
There was no strong correlation between the ABA content or seed longevity after 36-month
storage of Kharkivianka BK seeds (r=0.33) (Table 4).
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Table 4
Storage regimen effect on ABA activityrye in rye seeds
ABA activity (%) in seeds with various  Correlation between the

Accession,

storage temperature moisture content, % storage temperature and
5 6 7 ABA content
L.90691 A, UT 481.0 490.5 452 .4 0.84
L.90691 A, 4°C 214.3 304.8 252.4
L.90691 A, —20°C 104.8 190.5 119.0
L.1201 3C, UT 133.3 247.6 300.0 0.69
L.1201 3C, —-20°C 119.0 142.9 138.1
Kharkivianka, UT 285.7 409.5 433.3 0.64
Kharkivianka, 4°C 142.9 347.6 133.3
Kharkivianka,—20°C 123.8 157.1 181.0
Average 200.6 286.3 251.2 0.69*

*significant at 0.05 significance level

The variation of the germinability of 90691 A seeds with moisture content of 5 %, 6 %
and 7 % after storage for 12 months, depending on the storage conditions, is difficult to explain
unambiguously, because there is no clear direct trend in the germinability decrease dependence
on the moisture content and storage conditions (unregulated temperature, 4°C, —20°C). We as-
sume that the initial germinability below 100 % was decreased after storage only in certain cases
due to the influence of these factors on the seed physiological condition in a particular variant of
the experiment. For example, the germinability of seeds with 7 % moisture content decreased
after storage at unregulated temperature or at + 4°C. There was a negative effect of excess mois-
ture levels over 6 %. The germinability of 90691A seeds with 5 % moisture content decreased
under the same storage conditions, which could be due to the excessively dried (6 %) seeds of
this physiological state. Similar trends persisted upon 24-month storage at UT. A decrease in
the germinability of seeds with 5 % moisture content after storage for 24 months at —20 °C
may be attributed to the need for a longer period of seed adaptation before germination at
room temperature after storage at —20 °C. A similar explanation can be offered for storage of
seeds with 5 % moisture content for 36 months at —20°C.

The absence of significant differences in the germinability of L.1201B seeds with 5 %,
6 % and 7 % moisture content which were stored at UT, 4°C, or at —20°C for 12 and 24
months indicates that the test storage modes influence similarly at the initial stages of storage.
At the same time, it is necessary to pay attention to the importance of release of seeds with
5 % moisture content stored at —20°C from dormancy.

Analysis of the germinability of Kharkivianka BK seeds with 5-7 % moisture content
after storage for 36 months showed that, despite variations in the storage regimens, there
were no consistent advantages of —20°C storage over the unregulated conditions of the eastern
forest-steppe of Ukraine. In some cases, the benefits of storage of seeds with 5-6 % moisture
content at 4°C were observed. The lack of benefits of rye seed storage at —20 °C for three
years may be explained by the low average storage temperature in the unregulated tempera-
ture chamber and, possibly, by the prolonged release of seeds from freezing.

An important result of this work is the evidance of possibility to approximately predict
the germinability of seeds stored at —20°C from a positive correlation (r=0.99). This infor-
mation was received from analysis of accelerated aging of rye seeds with 7 % moisture at
37°C for 12 months or longer. We believe that it is easier to make such a prediction when
moisture content is 7 % than it is 5 % or 6 %, because 7 % moisture content is supposed to be
associated with a less deeper anabiosis, which should contribute to the aging process. Accel-
erated aging modes with higher temperatures and seed moisture levels were not appropriate
for our purpose, since the seed metabolism under such storage conditions, for example, 75 %
RH, 65°C and above, is different from that under conditions with 7 % moisture content, 4°C,
which are often used for middle-term storage.
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Slight fluctuations and absence of obvious trends in the seedling growth after seed
storage under the various experimental conditions can attest to absence of significant influ-
ence of the used storage conditions on physiological and biochemical processes involved in
the seedling formation. The stimulating effect was observed for the seedling length after stor-
age of L.90691A and L.1201B seeds with 5 % moisture content at —20°C, indicating a favor-
able effect of this regimen on physiological and biochemical processes involved in the seed-
ling formation. Thus, the rye seedling length, which is an indicator of physiological and bio-
chemical processes involved in the seedling formation and may be affected by the seed storage
conditions, demonstrated no significant advantages of 2-year storage of seeds with the investigat-
ed moisture content at UT and 4°C. Despite some variations, the shortest seedlings were those
from seeds with 7 % moisture content stored at UT for three years (t>1.98) (Table 3).

There was a linear correlation between the ABA content and seed storage temperature.
The ABA content decreased as the average storage temperature (9 °C, 4 °C, —20°C) decreased:
L.90691 A (r=0.84), L.1201 B (r=0.69), Kharkivianka (r=0.64) (Table 4). Correlation calcula-
tions at the significance level of 0.05 showed a significant correlation between the storage tem-
perature and ABA content for L.90691 A (t=4.1). The correlation significance level for Kharkivi-
anka BK is only 0.1. The average correlation between the storage temperature and ABA content
was found to be r=0.69 for the three accessions under investigation.

The lower storage temperature was, the lower ABA level became, which is expected,
because it is known that the ABA level decreases during storage of seeds, especially at low
temperatures [Mao & Sun, 2015; Rodriguez et al., 2018]. Despite information about genes
responsible for ABA synthesis and seed longevity regulation [Mao & Sun, 2015], no strong
correlation between the ABA content and seed longevity was noted. This indicates that the
ABA content in seeds is not the only factor affecting the seed ability to germinate after mid-
dle- and long-term storage.

Conclusions. Thus, the conducted study on the rye seed storage revealed no consistent re-
lationship between the germinability of seeds with 5-7 % moisture content and temperature of
storage for up to 36 months. At this moisture level, after 3-year storage, no advantages of low
temperatures over unregulated temperature were recorded. The shortest rye seedlings from seeds
stored with 7 % moisture content at unregulated temperature for 36 months.

The results of accelerated aging of seeds with 7 % seed moisture content better predict the
seed longevity.

The ABA content in seeds cannot be a predictive marker for the seed longevity, despite
the fact that the ABA activity reduced after seed storage at negative temperature.
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BIVINB PI3HUX PEKUMIB 3BEPII'AHHA HA IIPOPOCTAHHA HACIHHA /KUTA 1
BMICT ABK

3a0pokHa 0.A1, €ropos /1.K. 1 Kmypxo B.B. 2
1IHCTI/ITyT pocimaaMNTBA iM. B.S. IOp’eBa HAAH, Ykpaina
Hartionansuuii yuiBepeurer im. B.H. Kapasina, Vkpaina

[Mix gac TpuBanoro 30epiraHHs 4acTO BHHUKAIOTh IMEBHI TPYIHOIII 3 HaciHHsAM »wurta (Secale
cereale L.). IcHyroTh JiIIe 3arajibHi peKOMEH/IALIIT 1010 CITOCO0iB 30epiraHHs HACIHHS JKHTA.

Mera. ¥V naniii poOOTi AOCIIKEHO TOBrOBIYHICTh 3pa3KiB HACIHHS JKUTA 3 BOJIOTICTIO 5—7% mif
yac 30epiraHHs NpHU HEPETyIbOBaHIA TeMIiepaTypli B ymoBax cximHoi yactuHu Jlicocremy
VYxpainn, 4 °C ta -20 °C Ta B yMOBaxX MOJICIBHOTO JOCTITY «IIPUCKOPEHE CTapiHHS.

Marepiann Ta metoam. «IIpuckopeHe crapiHHs MPOBOAMIM IUISIXOM BUTPUMYBAHHS HACIHHS
copty XapkiB’siHKa 3 BoJoricTio 5 %, 6 % 1 7 % npotsrom 12, 18 MicsI1iB y 3a3HAYEHUX MO-
nenbHUX ymoBax 3a 37 °C. lns mocniJKeHuX 3pa3KiB HACIHHS OLIIHIOBAIH J1a00paTOPHY CXO-
KICTb, JOBXKHHA MTPOPOCTKIB Ta BMIcT abcun30Boi kucinotu (ABK) B HaciHHS A1 OKpEeMHX Ba-
piaHTIB AOCTiNY.

OO0roBopeHHsl pe3yJabTaTiB. AHaIII3 MOHITOPUHTY CXOXOCTI HaciHHS xwuTa yepe3 12, 24 1 36 mi-
CAIIB 30epiraHHs CBITYMTH MO0 BAXKIIMBICTh 30€piraHHs HACIHHS 3a BOJIOrOCTi He BuIe 7 %, Jo-
CSATHYTOI MPH BIAMOBIIHUX PEKUMAaX CYIIHHS, IPUIOMY JJIsi HEPETYJIHLOBAHUX YMOB TeMIIepa-
TYpH CXIIHOTO JicocTeny YkpaiHu OakaHa Bojoricte 5—6 %. 3a 1boro piBHs BOJOTOCTI Micis
TPbOX POKIB 30€epiraHHsi HE BCTAHOBJICHO TE€PEBAr HU3bKUX TeMIIEpaTyp 30epiraHHs HaJ Hepe-
rynboBaHuMH. Hailikpammii ¢iz3ionoriyHuil cTaH MpOpPOCTKIB HACIHHSA JKWTA MICHIS JBOX POKIB
30epiraHHs CIIOCTEPIiraBcs 3a BOJIOrocTi HaciHus 5 % Ta Temneparypu 36epiranns —20°C.

BucHoBkH. 3a pe3ynbTaTaMi BUKOPUCTAHOTO PEKUMY IMIPUCKOPEHOTO CTAPIHHS HACIHHS BCTaHO-
BJICHO, 110 Kparle MPOBOAUTH MPOTHO3YBAaHHS MOTO TOBrOBIYHOCTI HACIHHS ITPH BOJIOTOCTI Ha-
cinns 7 %. Anaini3 Bmicty ABK B HaciHHI, 1110 30epirasioch 3a HeperyaboBaHii TeMIepaTypH B
yMOBax cxifgnoro micocreny Ykpainu, 4°C Ta —20°C 3a cBiguuTh, 10 HUKUKIL BMICT B HACiHHI
ABK 0yB nmpu Hux40i Temneparypi 30epiranss, aie 3a BMictom ABK He Mo1BO OyI10 cripo-
THO3YBaTH JOBTOBIYHICTb HACIHHS.

Knrouoei cnoea: nacinns scuma, 30epicanns, 6Micm 60102u, 006201imms, a6CYu306a KUCI0md.

BJIMAHUE PA3/TH9HBIX PEKUMOB XPAHEHUA HA IIPOPACTAHHE
CEMAH PKH H COJNEP/KAHUE ABK

3anopoxuas 0.A.", Eropos JI.K.}, Kmypko B.B.?
1I/IHCTI/ITyT pactenueBoacTBa uM. B.S. FOpreBa HAAH, Ykpanna
Hanumonaneneiii yausepcutet uMm. B.H. Kapasuna, Ykpauna

Bo Bpems ITUTEIIBEHOTO XpaHEHHS 9aCTO BOSHUKAIOT ONPEACIICHHBIC TPYAHOCTH C CEMEHAMH PIKH
(Secale cereale L.). Panee Obutu onpe/enieHbl 00IIMe PEKOMEHIAIIME OTHOCUTEIBHO CIIOCO00B
WX XpaHCHUS.

Hean ucciaenoBanusi. B nanHO# paboTe MCClIeIOBaHBI JOITOBEYHOCTh CEMSH OOPaslloB PXKHU C
BITAKHOCTBIO 5—7% TIpH XpaHEHHWU TIPU HEPETYIUPYEMOW TEMIIePaType B YCIIOBHSX BOCTOYHOM
Jlecocrenn Ykpannsbl, 4 °C u-20 °C u B ycIOBHUSX MOAEIBHOTO OIBITA «YCKOPEHHOE CTapEHHUE».

Matepuanbl 1 MeTOAbI. «YCKOPEHHOE CTapeHUE» IMPOBOJUIOCH ITyTEM BBIICPKUBAHUS CEMSH
copra XapbKOBYaHKa € BIAXHOCTbIO 5 %, 6 % u 7 % B Teuenue 12, 18 mecsieB B yka3aHHBIX
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MozenbHBIX yenoBusix npu 37 °C. s uccnenyemMbix 00pa3iioB CEMsIH ONpeAesuInch 1abopa-
TOpHAasi BCXOXECTh, JIJTMHA MPOPOCTKOB U cojiepkanue adcimzoBoi kuciaotel (ABK) B cemena
JUTSL OTJICIBHBIX BAPUAHTOB OIIBITA.

OO0cy:xnenne pe3yjbTaTOB. AHAIM3 MOHUTOPUHIA BCXOXECTU CEMsSH pxku uepe3 12, 24 u 36
MECAIIEB XPaHEHUs CBUJICTEIBCTBYET O BAXKHOCTH XPAHEHUSI CEMSIH MPU BIAKHOCTU HE BBIIIIE
7 %, NOCTUTHYTON IPHU COOTBETCTBYIOLIUX PEKUMAX CYIIKH, IPUYEM JJI1 XPAHEHUS IPU He-
PEryJIMPYEMBIX YCIOBUSAX TEMIIEpaTypbl BOCTOUHOM JiecocTenr YKpauHbl JKejlaTelbHa BIIax-
HOCTb 5—6 %. IIpu 3THX ypOBHSX BIAXKHOCTH CEMSH IOCJE TPEX JIET XPAHEHHS HE YCTaHOBJIE-
HO NMPEUMYILECTB HU3KUX TEMIIEpaTyp XpaHeHHs HaJ Heperyaupyemoi. Jlyummii pusnonoru-
YeCKO€ COCTOSIHHE MTPOPOCTKOB CEMSIH PKHU IOCIIE ABYX JIET XpaHEHUs HaOIIr01ajcs Mpy BIaXK-
HOCTH ceMsiH 5% u temneparype xpanenus —20 °C.

BeiBoabl. 1o pe3ynpraraM NpUMEHEHHOIO pEKMMa YCKOPEHHOTO CTapeHUsl CEMsH, YCTaHOBJE-
HO, JIy4llle MPOBOAUTH MPOrHO3UPOBAHHUE JTOJITOBEYHOCTH CEMSH IPHU BIAXKHOCTU ceMsiH 7 %.
Ananmu3 conepxanusi ABK B ceMeHax, 4To XpaHWIUCh MPU HEPETYIUPYEMON TeMIepaTrype B
YCIIOBHAX BOCTOYHOM jtecoctenu Ykpaunsl, 4°C u —20°C cBUAETENBLCTBYET, 4TO 6olee HU3KOEe
conepxanue B ceMeHax ABK nHaOmomanu npu Oosiee HU3KOW TeMIlepaType XpaHEHUs, HO 10
conepxanuto ABK He yiaocs ciporHo3upoBaTh JOJITOBEUHOCTh CEMSIH.

Knrwouesuvie cnosa: cemena Pporcu, XxparneHue, CO()@pOfC(lHue ejilazu, ()OJZZOGQ'JHOCWlb,
61601/;1/{30661}1 Kucaoma

EFFECTS OF DIFFERENT STORAGE REGIMENS ON THE RYE SEED
GERMINATION AND ABSCISIC ACID CONTENT

Zadorozhna! O.A., Yehorov! D.K., Zhmurko?® V.V.
1 plant Production Institute n.a. V.Ya.Yuriev, Ukraine
2V/.N.Kararzin National University, Kharkiv, Ukraine

Rye (Secale cereale L.) seed often causes certain difficulties during long-term storage. Earlier
common recommendations for modes of rye seed storage were specified.

Purpose and objective. Seed longevity of rye accessions with 5-7% seed moisture content dur-
ing storage at unregulated temperature under eastern Forest-Steppe of Ukraine conditions,
4 °Cand -20 °C and in the experiment modeling "accelerated aging" conditions was studied.

Material and methods. “Accelerated aging" was carried out by keeping of Kharkivianka variety
seeds with a moisture content of 5%, 6% and 7% for 12, 18 months under these model condi-
tions at 37 °C. For the studied seed samples were evaluated laboratory germination, seedling
length and abscisic acid content in the seeds for individual variants of the experiment.

Results and discussion. Analysis of rye seed germination monitoring after 12, 24 and 36 months
of storage shows the importance of seed storage at moisture content not exceeding 7%,
achieved under appropriate drying regimes. Moisture content 5-6% is preferable for seed stor-
age at unregulated temperature conditions of the eastern forest-steppe of Ukraine. The ad-
vantages of low storage temperatures over unregulated ones haven’t been established at these
levels of moisture content after three years of storage. The best physiological condition of rye
seed seedlings after two years of storage was observed at 5% seed moisture and -20 °C stor-
age temperature.

Conclusions. According to the results of the used mode of accelerated aging it is established that
it is better to predict seed longevity at a moisture content of 7%. Analysis of ABA content in
seeds stored at unregulated temperature in the eastern forest-steppe of Ukraine, 4 °C and -
20 °C shows that the lower ABA seed content was at lower storage temperature, but the ABA
content didn’t predict seed longevity.

Key words: rye seeds; storage; water content; longevity; abscisic acid
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