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INFLUENCE OF DIFFERENT STORAGE CONDITIONS ON RYE
(SECALE CEREALE L.) SEED GERMINATION AND ANTIOXIDANT
ACTIVITY

The influence of different storage conditions on rye (Secale cereale L.) seed germination
and antioxidant activity was investigated. Rye seeds of two lines and hybrid Kharkivianka
were stored under model conditions of accelerated aging, at unregulated temperature in the
depository, at 4°C, and at minus 20°C for 24 months. Pre-storage treatment involved drying
seeds at <25°C to 5, 6, and 7 %.moisture content. Samples were monitored for the seed
germination, seedling length, and antioxidant activity in seeds. The results indicate for seed
storage at minus 20°C optimum moisture content 5%, at 4°C — 6-7 %, at unregulated
temperature — 6 %. Rye seed storage under accelerated aging for four months resulted seed
germination increasing in comparison with the initial at all moisture content levels. Further
storage to 24 months resulted to germination decreasing. There are no clear differences for
rye seed germination of one genotype for seed storage with the seed moisture of 5 % and
6 %. Modes storage and seed moisture affecting its germination, have little impact on
morphometric parameters of seedlings. This may be due by the selective influence of these
factors on seeds. There was no relationship between antioxidant activity, indexes of seed
germination and morphometric parameters of seedlings at the investigated seed moisture
content levels.
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INTRODUCTION

Among cereals, rye seeds have the shortest longevity under uncontrolled conditions. The
rye seed longevity does not exceed those of wheat and triticale [1, 2], and according to Ewart’s
classification [3], rye seeds belong to microbiotics, meaning loss of viability during three-year
storage under natural conditions. Long-term storage causes a seed longevity problem and need for
optimization of seed storage conditions. Endogenous biochemical processes occurring during seed
storage lead to loss of seed viability [4, 5]. In particular, a sigmoid pattern of reduction in seed
germination during storage under uncontrolled conditions is known [6]. Activity of processes
occurring in seeds during storage depend on temperature, humidity, light intensity and duration (if
any) [5, 7].

Lipid peroxidation (LPO) may occur during seed storage, leading to disruption of
membranes and impairing their permeability. It is known that these processes can be limited by
free radical oxidation inhibitors - antioxidants (AOs), which create optimal conditions for normal
metabolism and functions of cells and tissues [8-11]. During imbibition, antioxidant activity in
embryos and endosperm almost triples, while LPO increases almost sevenfold. It is believed that
this gradual increase in AO activity is possibly associated with the fact that LPO is suppressed by
reserve amounts of AO, which accumulated during seed formation [11]. We know about
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biochemical changes, in particular changes of antioxidant contents, in sesame (Sesamum
indicum L.) seeds during one-year storage [12].

Free radical amounts grow, lutein and soluble protein contents decline, glutenins and
gliadins degrade, which was accompanied by a significant increase in proteases activity and drop
in gluten elasticity, in durum wheat (Triticum durum Desf.) seeds under accelerated storage
conditions for 14 days at 40°C and 100 % humidity [13]. Other studies determined that 7-month
storage of barley seeds in the depository with low moisture content of < 14% did not lead to a
decrease in quality of seeds and was related to slight fluctuations in activities of oxidative and
antioxidant processes. Storage of barley seeds with the moisture content of 18 % or > 20 % led to
a quick drop in seed germination, accumulation of LPO products and reduction in antioxidant
system activity [14]. The author concluded that activities of oxidative and reductive processes
were one of physio-biochemical mechanisms that determine seed viability. Increased temperature
and grain moisture activate free radical processes and LPO, which reduces the seed germination.
Studies show that long-term influence of increased moisture content and temperature leads to a
significant accumulation of lipid peroxidation products and loss of seed viability. Catalase
activity in barley seeds and seedlings is known to rise after accelerated aging of seeds [15].

Activity of antioxidant system also depends on drying regimens. It was demonstrated that
after rapid drying (over silica gel) for 6 days from 39,7 % to 7,5 % the germination of Mimusops
elengi L. seeds decreased from 100% to 70%, but after gradual drying upon equilibrium moisture
content of 85 % the seed germination was 95 %. Studies also show more active mobilization of
superoxide dismutase, ascorbate peptidase and catalase after quick seed drying [16].

Negative processes during storage are minimized when seed storage conditions are
optimal. Such optimal conditions are developed and improved in genebanks to preserve seed
genetic diversity, including rye seeds [17, 28]. Data demonstrate that moisture content of 6-7% is
optimal for long-term storage of rye seeds at low positive temperature, which allows storing seeds
for about 10 years with germination of >80%. No differences were observed in loss of viability of
different accession categories (line, population, variety).

At the same time, the breeding, seed production, experimental work is often a need to store
long rye seed with low germination, less than 90% certified (DSTU 2240-93). This need can be
caused particular by difficulty of rye reproducing as crosspollinated crop. The information on
long-term storage of seeds with low germination is insufficient.

The goal of this study was to determine the optimal storage conditions for rye seeds and
opportunities to diagnose the seeds germination by antioxidant activity level.

MATERIAL, METHODS AND RESEARCH CONDITIONS

The test material was rye seeds of lines L 1201 B, L 90691 B and hybrid Kharkivyanka
(L 90691A/L 961358B), to assessed the capacity for storage under controlled conditions of rye
seed with varying degrees of heterozygosity. Seeds were grown on the experimental farm Elitne of
the Plant Production Institute nd. a. V. Ya. Yuriev of NAAS (Kharkiv region, Eastern Forest-
Steppe of Ukraine) in compliance with agronomic requirements in 2013 [19]. The research under
storage conditions began 6 months after harvest: seeds were air-dried as per special regimens at
<25°C and relative humidity of 25 % using a Munters dehumidifier (Sweden) to a moisture
content of 5-7% and were stored under the experimental conditions of "accelerated aging" at 37°C
[20] for 4 and 24 months, in the depository with unregulated storage temperature, or in chambers
at 4°C and -18°C. The average unregulated temperature in the depository was 9°C. Temperature in
the depository fluctuated from minus18°C to 25°C. The seed germination was evaluated after 1
month and 24 months of storage for vigor, germination and seedling length. Seeds were sprouted
at 20°C in compliance with the recommendations for seed testing [21, 22]. The data were
processed by methods of variation statistics [23]. The antioxidant contents were determined using
a test system with stable free radical DPPH (1,1-diphenyl-2-picrylhydrazylradical) as per the
protocol [24].
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RESULTS AND DISCUSSION

In the control option - before the experiment, line L 1201 B seed has germination energy
81 %, germination 82 %; in hybrid Kharkivyanka both indexes equaled 85 %. In contrast, the seed
lines L 90691 B characterized by low rates of germination energy — 19 % and germination — 20 %
(Table 1).

The line L 1201 B seeds after storage in a sealed container under accelerated ageing for
four months don’t change germination energy at moisture content 5 % and lowered it for seeds
with moisture content 6% and 7%. Germination of seed also significantly increased for all three
levels of moisture content. Thus, the stimulatory effect on germination was observed after storage
for four months. After 24 months of storage, there was a significant decreasing of germination
energy and germination, the most — up to 3 % for germination energy of seeds with moistue
content 5 % (t> 1,98). The differences of the germination for seeds with different moisture was not
observed.

Table 1. Rye seed germination energy and germination after accelerated aging

Germination energy, % Germination, %
Storage
Accession duration, at moisture content, % at moisture content, %
months, m.
5 6 7 5 6 7
ot 81+£3,8 | 81+3,8 81+3,8 82+3,7 82+3,7 82+3,7
L 1201 B 4 8443,7 | 69+4,1 | 76+42 | 96+2,0 | 95+1,8 | 98+1,4
24 3+3,3 | 25+8,8 | 26+10,1 | 30+8,4 | 33+9,6 | 32+10,7
0 19£7,6 | 19+7,6 19+7,6 20+7,6 20+7,6 20+7.6
L 90691 B 4 254+3,7 | 29434 29+3.5 37+4,1 38+3,6 44+3,8
24 0 0 0 0 0 0
.. 0 85+3,1 | 85+3,1 85+3,1 85+3,1 85+3,1 85+3,1
Kharkivianka 4 55+4,5 | 67+4,7 | 58+5,1 | 98+12 | 96£1,9 | 96+2,1
24 48+7,4 | 70+6,8 11+4,7 48+7.4 63+7,1 24+6.4

! 0— germination energy and germination baseline before accelerated aging

The germination increasing under accelerated aging was observed in other experiments
with seeds of rare wheat species [25], barley [26], maize [27], peas [28], sunflower [29]. It can be
explained by the intensification of metabolic processes under storage conditions, which should be
considered as a stress factor. In particular, the accelerated aging experiments with seeds of barley
and peas activity increasing of catalase in seeds and seedlings was observed. It is an active
response on the content of peroxides increasing, formed under the influence of aging [15]. This
metabolic processes activation led to the depletion of physiological stress resistance system, which
subsequently led to a significant reduction of germination energy and germination.

The germination energy was decreased at all three levels of moisture content in seeds of
hybrid Kharkivyanka after four months storage at the least — 18 % for seeds with 6 % moisture
content. Germination increased by 11-13 %. Later, after 24 months of storage, germination energy
remained almost at the same level for seeds with moisture content 5 % and 6 % and significantly
(till 11 %) decreased for seeds with 7 % moisture content. The germination, like the line
L 1201 B, after a certain increase substantially decreased. At least this final decline in germination
energy and germination took place at moisture content 6 %, and that should be considered as
optimum for storage. The lowest rates were for the both indexes at seed moisture content 7 % (t>
1,98).

The line L 90691 B seeds had low initial indexes, after four months of storage. We can see
a slight (6-10 %) germination energy increasing and almost a twofold germination increasing
After 24 months of accelerated aging seeds has lost for all three levels of moisture content.
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It is noteworthy germination energy and seed germination after 24 months of storage in
hybrid Kharkivyanka at the moisture content level 5% and 6 % was lower than the indexes for
line L 1201 B with similar output indexes. This may testify a higher level of physiological
homeostasis in heterozygous genotype compared with homozygous rye. In this respect appropriate
further investigation.

Analysis of the antioxidant activity (AA) showed that most of the options it was at the
same level. A similar trend described for other species [30]. The highest level of AA (47 %) was
observed for the seed lines L 1201 B with a moisture content of 5% (Fig. 1). This option is
different from most other sharp by the decline in seeds germination energy: from 81 % to 3 %. We
can assume that the AA increasing was a demonstration of mobilization of physiological
mechanisms to counteract destructive oxidation processes.

50
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L1201B,

Antioxidant activity,%

B Kharkivianka

5% 6% 7%
Seed moisture content, %

Fig.1. Antioxidant activity in rye seeds with various moisture content, which were stored for
24 months under accelerated aging

To search for conditions of seed storage with lower energy costs, we analyzed the seeds
germination with moisture content of 5, 6 and 7 % after 24-month storage in the depository with
unregulated temperature as well as in chambers at 4°C and minus 20°C (Table 2).

According to the indexes of germination energy and germination after 24 months of
storage, optimum for lines L 1201 B seeds at unregulated temperature conditions were moisture
levels 5 and 6 %, at a temperature 4°°C — 6 and 7 %, at a temperature 20°°C — 5 %.

For hybrid Kharkivianka seeds with the similar germination have the best indexes for seeds
with moisture content 6 % at unregulated temperature, 5 % — at a temperature minus 20°C. The
germination energy at all three levels of moisture content differ slightly at the temperature 4 °C.
The germination was better in the versions with seed moisture content 7 %.

A significant germination energy and seed germination increasing for L 90691 B line was
observed for seed with 7 %. The germination is ncreased, to a lesser extent, also at seed moisture
content 5 %. Temperature 4°°C was more favorable for the seeds with a moisture content 6 %.
The moisture content level doesn’t significantly affected on both indexes at minus 20 °C but the
trend towards higher germination was observed at 7 % moisture content.

For hybrid Kharkivianka seeds with the similar germination have the best indexes for seeds
with moisture content 6 % at unregulated temperature, 5 % — at a temperature minus 20°C. The
germination energy at all three levels of moisture content differ slightly at the temperature 4 °C.
The germination was better in the versions with seed moisture content 7 %.
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A significant germination energy and seed germination increasing for L 90691 B line was
observed for seed with 7 %. The germination is ncreased, to a lesser extent, also at seed moisture
content 5 %. Temperature 4°°C was more favorable for the seeds with a moisture content 6 %.
The moisture content level doesn’t significantly affected on both indexes at minus 20 °C but the
trend towards higher germination was observed at 7 % moisture content.

Table 2. Germination energy and germination of rye seeds accessions after 24 - month
storage under different controlled conditions, %

germination energy germination
Storage | of seeds with moisture content, of seeds with moisture content,
Accession conditio % %
ns
5 6 7 5 6 7
L 1201 B o' 81+3,8 | 81+3,8 | 81+3,8 | 82+3,7 82+3.7 82+3.7

UT? 68+4,8 | 59+74 | 46+5,5 | 86+35 | 89+4.8 | 73448
4°C 48459 | 59447 | 58+4.8 | 76+£5,1 | 83+£3,6 | 8243,7
20°C | 70+6,1 | 47455 | 65+7,0 | 93434 | 81+43 | 59+773
0 19+43,3 | 19+3,3 | 19433 | 20£34 | 20434 | 20+34
UT 21257 | 13242 | 47£73 | 37%6,7 | 24+54 | 60+7.2

L 90691 B 4°C 5534 | 33258 | 2461 | 15£55 | 4561 | 37+6.9
T20°C | 17452 | 20448 | 18+47 | 26561 | 26+53 | 3358

0 85131 | 8553.1 | 85+3.1 | 85:3.1 | 85:3.1 | 8543.1

N UT 418.1 | 7467 | 40+7.1 | 41x8.1 | 86£53 | 69+6.7
Kharkivianka ™o 66258 | 67£5.7 | 56+7.4 | 73:5.4 | 81£64 | 89+4.7

-20°C 81+£9,8 | 57+£7,6 | 63+6,4 94+6,1 69+7,1 70+6,1

1 0—germination energy and germination baseline before accelerated aging;
2UC - depository with unregulated temperature

For hybrid Kharkivianka seeds with the similar germination have the best indexes for seeds
with moisture content 6 % at unregulated temperature, 5 % — at a temperature minus 20°C. The
germination energy at all three levels of moisture content differ slightly at the temperature 4 °C.
The germination was better in the versions with seed moisture content 7 %.

A significant germination energy and seed germination increasing for L 90691 B line was
observed for seed with 7 %. The germination is ncreased, to a lesser extent, also at seed moisture
content 5 %. Temperature 4°°C was more favorable for the seeds with a moisture content 6 %.
The moisture content level doesn’t significantly affected on both indexes at minus 20 °C but the
trend towards higher germination was observed at 7 % moisture content.

Germination energy of L 1201 B seeds with moisture 5, 6, 7 % storage at 4 °C for 24
months was lower than the initial by 33, 22 and 23% (t >1,98), and the germination is almost no
different the initial (see. Table. 2). Germination energy and germination were not found significant
differences for seed within specified moisture under this storage mode.

After L 90691 B seeds storage at a temperature 4 °C for 24 months observed decrease in
germination energy by 14 % for seeds with a moisture content 5%, an increase by 14 % at
moisture content 6 % (t>1,98) and the absence of significant changes for seed moisture 7 % (see.
tab. 2). There was no germination changes for seed with moisture content 5% (t<1,98),
germination increasing by 25 % for seeds with a moisture content 6 % and by 17 % and moisture
content 7 % (t>1,98).

Kharkivianka hybrid seeds during storage at low positive temperatures 4 °C during the
same period lower rates of germination energy by 20-30 % (t>1,98) observed, but germination is
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not different from the initial except the seeds with a moisture content of 5 % where it was lower
than the original by 12 %.

Thus, rye seed accessions storage with moisture content 5-7% at 4 °C for 24 months led to
reduce the germination energy and had no effect on germination in most cases. Only in rare cases,
mostly in the variant with seed moisture content 5 % the storage mode led to its decline.

Germination energy of seeds with moisture 5, 6, 7 % of the sample L 1201 B, stored at a
temperature minus 20 °C for 24 months, was below the initial respectively 11, 34 and 16 % (t
>1,98). The similarity of this accession is not different from the original version except where seed
moisture was 5 % and the germination after the storage term was by 9 % above the initial (t >1,98).
A similar lack of differences were for germination in variants with moisture content 5 and 6 %.

Seeds storage of Kharkivianka hybrid at the temperature of minus 20 °C for 24 months led
to germination energy decreasing approximately by 25 % at seed moisture 6 and 7 %. Germination
energy remained unchanged for seeds with 5 % moisture content. A similar trend was observed for
seed germination. Germination decreasing approximately by 15 % (t>1,98), for seed of moisture
content 6 and 7 % was observed, and for seeds with 5% moisture content also remained
unchanged. These data suggest the benefit of rye seeds storage at a temperature minus 20°°C at
5 % moisture content.

Antioxidant activity of rye seeds that were stored under different conditions slightly varied
(Figure 2). AO activity differed depending rather on genotype than on storage conditions. We
believe that such minimal variations were caused by relatively low moisture content in seeds,
because it was reported that no monosemous decline in AO activity occurred during long-term
storage of seeds with moisture content <14% [14].
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Fig.2. Antioxidant activity of rye seeds after storage under different conditions

The length of seedlings from seeds after different regimes of seed storage was estimated.
The length of rye seedlings from seeds that were stored for 24 months did clearly depend either on
storage conditions or on moisture level (Table 3). Only accelerated aging regimes caused expected
inhibition of shoot growth by 2-5 cm. Morphometric indexes of coleoptiles with leaves and roots
were reduced in seedlings from ‘Kharkivianka’ seeds with 7 % moisture content that were stored
at minus 20°C, but not at unregulated temperature. This can be explained by selective influence on
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seed storage modes: in each case germination was less than 100 %, and stronger embryos
survived, and relised their potential of vigour growth at a similar level. At the same time, for line
L 1201 B seedlings were more longer coleoptile with leaves and roots for seeds storage at
unregulated temperature, low positive temperature in comparison with seeds of all three levels of
seed moisture content.

Table 3. Length of rye seedlings from seeds stored under different conditions, cm
Length (cm) at moisture content, %

Storage : Col t'I6 Coleoptil '
conditions | Coleoptile | Root OCOPUIE | Root | ~OIOPHIET Root
. with with
with leaves | length length length
leaves leaves
L1201B accelerated  |5,2+0,9 8,0+0,7 7,6+1,4 6,6+0,7 |7,6+2,5 6,6+1,3

aging
UT? 12,6+0,7 10,6+0,4 |11,4+1,0 |10,0+0,9 [12,6+0,9 |11,1+0.5

4°C 11,0+1,0 10,4+0,7 |11,7+0,9 |11,3+0,7 |10,7+0,9 11,2+0,7

-20°C 9,7+1,4 9,9+1,0 6,8+1,0 10,1+1,1 |9,9+1,7 8,4+1,6
L 90691 B accelerated - - - - - -

aging

uT 10,3+0,7 9,3+,9 9,9+1,3 8,2+0,7 |9,3£1,2 9,3+0,6

4°C 11,8+1,4 9+1,4 11,7+0,7 9,6+0,6 |9,0+£1,0 9,6+£1,0

-20°C 11,4+1,7 9,2+0,9 9,7+1,3 8,5+1,1 |11,2+11 9,5+0,5

Kharkivian acc_:elerated 5,1+0,9 5,9+0,9 5,6+0,8 7,6£09 |4,1+1,0 4,5+0,7
ka aging

UuT 10,6+1,1 9,8+1,1 9,8+1,3 10,2+0,9 |7,8+£1,5 9,2+0,9

4°C 10,4+0,9 9,6+0,6 8,3+0,8 9,740,6 |10,9+0,8 10,2+0,4
-20°C 10,7+1,0 11,4+0,9 |11,7+0,5 10,9+0,3 |8,7+1,0 8,3+0,8
1 UC — depository with unregulated temperature

There was no correlation between morphometric indexes of seedligs and AO activity.

CONCLUSIONS

Our studies show optimal moisture content 5 % for rye seed accessions storage at minus
20 °C, 6-7 % — at 4 °C storage temperature, 6 % — at unregulated storage conditions.

Rye seed storage under accelerated aging for four months resulted an increasing seed
germination in comparison with the initial at all seed moisture levels. Further storage up to 24
months resulted to lower germination than the initial. There is no differences for rye seed
germination for seed storage at moisture content 5 % and 6 %.

Storage modes and seed moisture content, affecting on germination little impact on
morphometric seedling indexes that may be due by selective influence of these factors on seeds.

There were no relationship between seed antioxidant activity, seed germination, and
seedlings morphometric indexes at the investigated seed moisture content levels.
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3BEPITAHHA TEHETUYHUX PECYPCIB POC/TUH

Meta. BusHaueHHsS ONTHMaJbHUX DPEXHUMIB 30€piraHHA HACIHHS XHUTAa 1 MOXIJIMBOCTI
JIarHOCTYBATH CXOKOCTI HACIHHS 3a pIBHEM HOTO aHTHOKCHAHTHOI aKTUBHOCTI.

PesyabTaTu i oOroBopennsi. IIpoBeneHO MOCHIIKEHHS BIUIMBY pPI3HUX PpEXHUMIB
360epiranHs HacinHs »kuta (Secale cereale L.) Ha HOro cXoicTh i aKTHBHICTh AaHTHOKCHIAHTIB.
Hacinus »xuTa ABOX JiHIA Ta TiOpuay XapkiB’sHKa 30epirajioch B yMOBaX MPUCKOPEHOTO
CTapiHHs, CXOBHIIAX 3 HEPETYJIHOBAHOK TEMIEPATYporo, Temreparyporw 4 °C, Temieparyporo
minyc 20 °C nporsirom 24 wmicsiis. Ilepen 3aknaanHsM Ha 30epiraHHs HACIHHS BUCYITYBAJIOCh 3a
temneparypu He Buie 25°C mo pisuiB Bomorocti 5, 6 i 7 %. Kounrpons crany HaciHHS
MIPOBOJIMBCS 32 MOKa3HUKAMHU €HEPril MPOPOCTaHHs Ta CX0XKOCT1 HACIHHS, IOBKUHOIO IMPOPOCTKIB,
a TaKOX AHTUOKCUIAHTHOIO aKTUBHICTIO HaciHHs. Pe3ynabTatu HOCHiIKeHb CBiqYaTh, IO JUIS
30epiraHHsi HACiHHA JOCIIDKCHUX 3paskiB kuta 3a Temmeparypd Minyc 20 °C oNTHMAIBHOO
BOJIOTICTIO € 5 %, 3a Temneparypu 4°C — 6-7 %, 3a HeperynroBaHMX yMOB — 6 %. 36epiranns y
pPEXKHUMI TPUCKOPEHOTO CTapiHHS MPOTATOM YOTUPHOX MICAIIB Majao HACTIJKOM ITiIBUIIECHHS
CXO0’KOCTI HACIHHS JKUTa IPOTH BUXI1JIHOI 3a BCiX piBHIB BoaTOCTi. [Togankiie 30epiranas B yMoBax
MPUCKOPEHOTO CTapiHHSA 0 24 MICSIIB IPU3BEIIO 0 3HIKEHHS CX0XKOCTI OPIBHSIHO 3 BUXIIHOIO.
He BcTanoBneHO BigMiH 3a CXOXKICTIO HACiHHS JKMTa Mpu 30epiraHHi HACIHHA B yMOBax
MPUCKOPEHOTo CcTapiHHA 3 Bojorictio 5 % i 6 %. Bukopucrani pexxumu 30epiraHHst HACiHHS 3
BiJIMOBIHOIO BOJIOTICTIO BIUIMBAIOTh HA MOT0 CXOXKICTh, i€ HE BiA3HAYEHO 3HAYHOTO BIUIMBY Ha
Mop(doMeTpUYHI TTOKa3HUKHA MPOPOCTKIB, MO0 MOXKE OyTH OOYMOBIICHO CEJECKTUBHOIO M€ IHX
YUHHUKIB Ha HACIHUHU. MIX OKa3HUKAMU aKTUBHOCTI aHTUOKCUIAHTIB HACIHHS, IOTO CXOOCTI 1
MOp(GOMETPUIHUMH TTOKa3HUKAMHU IPOPOCTKIB 3aJIE)KHOCTI HE BHSIBIICHO.

BucnoBku. {5 30epiranHsi HACiHHS JOCTIIKEHUX 3pa3KiB kKHUTa 3a TEMIEPAaTypu MIHYC
20 °C ontumansHOO BoJOTicTO € 5 %, 3a Temnieparypu 4°C — 6-7 %, 3a HeperyJbOBaHHX YMOB —
6 %. 30epiraHHs y peXuMi IPHUCKOPEHOro crapinHs 3a Temmeparypu 37°C crmo4aTky Mmajio
HACJIIIKOM TIIBUIIICHHS CXOKOCTI HACIHHSA 3a BCIX PIBHIB BOJIOTOCTI, B MOJATBIIOMY —3HIKEHHS
CXO0XOCTI TOPIBHSHO 3 BUXiAHOI. He BHUSBIEHO 3alNeXHOCTI MK MOKa3HUKAMU aKTHBHOCTI
AHTHOKCHJIAaHTIB HACiHHS Ta MOKa3HUKaMU >KUTTE3JATHOCTI 1 MOPPOMETPUUYHUMHU MOKa3HUKaMU
MapOCTKiB 32 JIOCII)KEHUX PIBHIB BOJIOTOCT1 HACIHHS.

KuarouoBi ciioBa: orcumo, Hacinus, 30epicanis, 60102icmb, memMnepamypd, CXoxicicmo,
AHMUOKCUOanmu, iHis, 2iopuo
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BJIUSHUE PA3JIMYHBIX PEXUMOB XPAHEHHUA CEMSH P)XU (SECALE
CEREALE L.) HA EI'O BCXOXKECTb U AKTUBHOCTb AHTUOKCHUJAHTOB

Hean. OmnpeneneHue ONTUMAIBHBIX PEKUMOB XPAaHEHHS] CEMSH PXXH U BO3MOXXHOCTHU
JMAarHOCTUPOBATH BCX0XKECTh CEMSIH MO YPOBHIO X AHTUOKCUJAHTHON aKTUBHOCTH.

PesyabTaTbl U 00cyxkaenune. [IpoBeneHo nccaeqoBaHUE BIUSHUS PA3TUYHBIX PEKUMOB
XxpaHeHust cemsiH pxku (Secale cereale L.) Ha ero BCXOXECTh M aKTHBHOCTh aHTHOKCHJIAHTOB.
Cemena pxu JIByX JUHMA U THOpuaa XapbKOBYaHKAa XPAHWIHCh B YCJIOBHSX YCKOPEHHOTO
CTapeHus, XPaHUIIHUIIAX ¢ HEPETYIUPYEMON TEMIIEPATYPOM, TIOJOKUTENBHON Temneparypoi 4 °C,
oTpUILaTENLHON Temmeparypoii munHyc 20°°C B Teuenne 24 wmecsues. Ilepen 3akimagkodl Ha
XpaHEHHE CEMEHA BBICYIIMBAIIOCH IIPU TeMIeparype He Bbime 25°°C 10 ypoBHEH BIAKHOCTH 5, 6
u 7 %. KoHTposb COCTOSIHHSI CeMSH MPOBOIWICS IO TOKa3aTeasiM JHEPTrud TpopacTaHus,
BCXOXKECTH CEMSH, JJIMHE TMPOPOCTKOB, a TaKKe aHTUOKCHJIAHTHOM AaKTUBHOCTU CEMSH.
Pe3ynbratel uccienoBaHUM CBUAETENBCTBYIOT, YTO IS XpaHEHHUS CEMSH MCCIEAOBAHHBIX
00pa3loB KM IPU OTpUIATENbHOM Temmeparype MuHyc 20°°C ONTHMAajIbHOW BJIaXKHOCTHIO
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ssisiercst 5 %, nipu temmeparype 4 °C — 6-7 %, npu HeperyIupyeMsix yeiaoBusx — 6 %. XpaneHue
IpU PEKUME YCKOPEHHOTO CTapeHUsi B TEUYEHHUE YEThIPEX MECSIIEB IMPHUBEIO K MOBBILICHUIO
BCXOKECTH CEMSH DKM II0 CPAaBHEHUIO C HMCXOJHOW JJsi CEeMsH BCEX YPOBHEH BIAKHOCTH.
JanbHeiiee xpaHeHue 10 24 MecsIeB MPUBEJIO K CHIYKEHUIO BCXOKECTH CEMSH 0 CPaBHEHHUIO C
UCXOMHOU. He yCTaHOBJICHO pa3luYuii MO BCXOXKECTH CEMSH PKHA TPHU XPAaHEHUH CEMSH C
BIIAXKHOCTBIO 5% 1 6% 1ipu 3TOM pexuMe. PexxuMbl XpaHEHHs U BIaXXHOCTb CEMSH, BO3ACHCTBYS
Ha MX BCXOXECTh, MaJO BIHSIOT Ha MOP(HOMETPUYECKHE IMOKA3aTeNH MPOPOCTKOB, YTO MOXKET
ObITh OOYCIIOBJIEHO CEJIEKTUBHBIM JEWCTBUEM ITHX (DaKTOPOB Ha ceMeHa. Mexay MmoKa3aTels MU
AKTUBHOCTH AHTUOKCHUJAHTOB CEMsH, II0OKa3aTelIsIMU BCXOXKECTH MU MOPHOMETPUICCKIMHU
MOKa3aTeIsIMU MPOPOCTKOB 3aBUCMOCTHU HE BBISBIICHO.

BuiBoabl. 1 XpaHeHUS CeMsIH MCCIIEAOBAHHBIX 00PA3IOB PXKU MPU TEMIIEpaType MUHYC
20 °C onTuManbHOM BIaXHOCTHIO cuuraerca 5%, mpu temneparype 4 °C — 6-7%, npwu
HEperyIupyeMbIX ycioBusx — 6 %. XpaHeHWe ceMSH B YCIOBHSIX YCKOPEHHOTO CTapeHUS
crapennus npu temneparype 37 °C cHayaga BBI3HIBAET IOBBILIEHHE BCXOXKECTH CEMSH IPH BCEX
YPOBHSIX BII&XXHOCTH, a B JajbHEHIIEM — CHWXKCHHE. He BBISIBICHO 3aBHCHMOCTH MEXIY
MOKAa3aTeasIMM  aKTUBHOCTM  AHTHOKCHJIAHTOB  CEMsH, IIOKa3aTesIMH  BCXOXKECTH U
MOp(OMETPUUYECKUMHU TTOKA3aTeIsIMU TMPOPOCTKOB IPU HUCCIICOBAHHBIX YPOBHSIX BIIAKHOCTH
CEeMsIH.

KuroueBrble cioBa: poowcs, cemena, xpanenue, 81ax3CHOCMb, MeMnepamypd, 8CX0HCecms,
AHMUOKCUOAHMDBL, TUHUSL, 2UOPUO
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