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Effects of carbohydrate content in seeds on the germination
and viability after cryopreservation

This article is devoted to the study of the influence of cryopreservation on the preservation of sowing quali-
ties of seeds of representatives of the genus Picea: P. asperata (Rough spruce) and P. pungens (Spiny
spruce). As an alternative shock method of cryopreservation, the method of step-by-step 3-step temperature
reduction was used 1 stage +4 °C, 2 stage —18 °C, 3 stage —196 °C liquid nitrogen. Additionally, the effect of
4 time intervals (1 hour, 24 hours, 72 hours and 168 hours) of step freezing on seed quality was investigated.
To explain the results by photometry, the total carbohydrate content of the seeds is determined before the 3rd
freezing step (cryo interaction). The analysis of the results of germination showed that the seeds of the stud-
ied species respond in different directions to the step cryo freezing. So, seeds of P. asperata germination in
all tree experimental variants are higher on 4-32 % than in the control variant; and the maximum results are
revealed in the variant with time intervals of 168 hours. For P. pungens seeds, the germination rates in exper-
imental variants were on 18-22 % lower than in the control; and the largest germination rate of seeds among
experimental variations are revealed in variant with interval 24 hours. The determination of the total carbohy-
drate content of the tested seeds at different cryogenic freezing intervals found that this indicator varied sig-
nificantly depending on the time interval. The lowest values of total carbohydrates are found in variation with
a time interval — 24 hours. The maximum total carbohydrate content is determined in a variation with a time
interval — 1 hour. Correlation analysis between seed germination indices and total carbohydrate content es-
tablished a high relationship between these indices. So, for P. asperata, the value of the Pearson coefficient
was 0.86, and for P. pungens seeds — 0.91.

Keywords: cryopreservation, seeds, nitrogen, germination, viability, hydrocarbons, Picea pungens, Picea
asperata.

Introduction

Cryopreservation is an optimal method of unlimited long-term storage of the plant gene pool by freez-
ing plant material at an extra low temperature (—196 °C) [1]. This method allows preserving the cells and
protoplasts of various plants, including plants that cannot withstand dehydration, such as meristems, shoots,
zygotic and somatic cells, pollen and some types of seeds [2].

The long-term storage of seeds depends on a number of internal and external factors: species character-
istics, the degree of their ripening, the density of the seed bark, the composition of the main auxiliary sub-
stances, as well as humidity during the storage, temperature and aeration. The experience of T.P. Orekhova
showed that the degree of productivity of seed material after cryogenic freezing is influenced by the level of
humidity of seeds and the content of nutrients in them [3].

The most widespread is the low-temperature storage of plant materials under in vitro conditions. Low-
temperature freezing is also important because with a decrease in temperature, the coefficient of volume ex-
pansion of ice decreases [4]. The studies are carried out on woody plants by the storage of cultured material
in liquid nitrogen at a temperature —196 °C [5].
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It is known that cells of vegetating plants contain endogenous osmotic active substances such as mono-
and disaccharides (glucose, fructose, sucrose), organic acids, amino acids and other compounds [6]. Their
significance and characteristic feature is influence the viability of plant cells and tissues to varying degrees
after cryopreservation processes of plants, followed by their storage at ultra-low temperatures in liquid nitro-
gen vapor (—183-185 °C) [7].

To successfully perform cryopreservation of various bio-objects, it is necessary to concentrate biopoly-
mer solutions in plant cells [8]. This method protects them from the lethal action of intracellular ice crystals.
In addition, partial dehydration and concentration of intracellular solution prevents the occurrence of pres-
sure destroying cells from the inside due to ice expansion. Therefore, the seed material for freezing and fur-
ther cryopreservation is taken in a state of deep rest [9]; the seeds must be dried to remove free water.

The accumulation of sucrose in plant tissues positively affects the cryopreservation of shoots of fruit
and berry crops. Hydrolysis of sucrose until mono-sugars negatively affects on the survival; and organic ac-
ids take an intermediate effect on the cryopreservation process. High accumulation of amino acid proline in
plant cells under stress conditions can significantly increase the ability to detoxify and reduce oxidative dam-
age.

Seeds of such arid plants as cacti, after drying, usually retain their germination [10]; their samples are
able to storage at cryogenic temperatures for a long time without significantly viability reducing [11-13].

The purpose of the present study is to determine the effect of carbohydrates in spruce seeds on the sur-
vival of plant material.

Materials and Methodology

Experiments are carried out in the laboratory of biotechnology and molecular Genetics of the
Karagandy University of the name of academician E.A. Buketov in 2018-2019. The objects of the study are
seeds of species of genus Picea A. Dietr. (Spruce): P. asperata (Rough spruce) and P. pungens Engelm.
(Spiny spruce). Seeds are obtained in October, 2018, according to the Index Semenium exchange between
the Moscow Nursery and Karagandy University of the name of academician E.A. Buketov. Seed materials of
P. asperata and P. pungense before experiments are stored at temperature +15 °C for 1 month.

The cryogenic freezing of seeds is performed in three stages with different freezing intervals (Table 1):

— 1 stage — freezing in refrigerator +4 °C;

— 2 stage — freezing in the freezer —18 °C;

— 3 stage — freezing in liquid nitrogen —196 °C.

Table 1
Variability of time intervals of different stages of seed freezing (in hours)
Number of variant 1 stage 2 stage 3 stage
1 variant 1 1 168
2 variant 24 24 168
3 variant 72 72 168
4 variant 168 168 168

Defrosting of seeds is carried out in a refrigerating chamber at a temperature of +4 °C for 1 hour. Before
sowing, the seeds are disinfected by 0.5 % KMnQ, and chlorine solution, each per 7 minutes. After steriliza-
tion, the seeds are washed three times in sterile distilled water with further drying. For seed germination, a
bath type crystallizer is used; germination is carried out in the climate chamber «Binder» KBW 240 with ar-
tificial lighting of 4000 lux, during 24 hours and at the temperature +23 °C. Seeds are planted on filter paper
in a crystallizer — by 25 pieces in 4 repetitions. Seeds of spurs with stratification at +4 °C for 3 months are
used as controls.

In experiments are determined the following parameters: energy of germination, seed germination, seed
rest period, carbohydrate content and loss of seed mass [14]. Energy of germination is calculated on 15" day.
Statistic processing is conducted by N.L. Udolsky [15].

Total carbohydrate content is determined on three variations of seeds by 50 pieces by photometric anal-
ysis techniques [16, 17]. The determination is carried out on Unico 1201 photo-spectrometer at a wavelength
320 nm. For calculation the total carbohydrate content, a calibration scale is built for the standard glucose
solution in the range from 5 % to 55 % at 11 points, with a step 5 %.
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Correlation analysis between total carbohydrate content values in seeds and germination indices of
seeds is performed by Pearson coefficient.

Results and Discussion

Mass and humidity of 1000 pieces of seeds are determined on the analytical scales of NPV 220 in tripli-
cate (Table 2).

Table 2

Mass and humidity of seeds of P. asperata and P. pungens

Species Mass of 1000 seeds, g Humidity, %
P. asperata 5.34+0.19 4.0
P. pungens 3.66 + 0.03 2.3

The results of cryogenic freezing of seeds showed that P. pungens seeds were more resistant to expo-
sure extra low temperatures compared to P. asperata seeds. So, for P. asperata, the best result of seed ger-
mination is observed in the 4th variant — 22 %, for P. pungens the maximum germination is noted in the
2nd variant — 32 %.

In experiment the energy of germination of P. asperata was on 16 % higher than in control variant; for
P. pungens — on 18 % lower than in control (Fig. 1, 2).
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Figure 1. Seed germination and energy of germination of P. asperata
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Figure 2. Seed germination and energy of germination of P. pungens

The smallest germination of P. asperata seeds is recorded in the 3rd variant (10 %); for P. pungens —
in the 4th variant (22 %). Thus, P. asperata had the lowest energy of germination on 4 % higher than the
control values. P. pungens’s was on 28 % lower than in control data.

The best indicators of energy of germination are noted in the 2nd variant of cryogenic freezing. So, for
P. asperata the energy of germination was 20 %, for P. pungens — 24 %.

The results of the resting energy index after the step-by-step cryogenic freezing of the seeds revealed a
different seed response according to the experience options. For P. asperata seeds the maximum resting en-
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ergy indicator among experiment is recorded in the 3rd variant with an indicator 23.6 days; for P. pungens,
the minimum value is noted in the 4th variant and amounted to 13.9 days. The minimum value of seed rest-
ing energy in the experiment is observed in the 2nd variation with 14 days for P. asperata and 13.5 days for

P. ungens (Table 3).

Table 3

Parameters of the resting energy index of P. asperata and P. pungens after cryopreservation

The resting energy index, days

Variants P. asperata P. pungens
Control 6 13.3
1% variant 0 0
2" varjant 14 13.5
3" variant 23.6 0
4™ variant 17.6 13.9

The largest decrease in the mass of P. asperata seeds is observed in the 1st variant of the study, which
was 3 % (Fig. 3).
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Figure 3. Change in mass of P. asperata seeds before cryopreservation

For P. pungens seeds, the most significant weight decrease was observed in the 3rd variant, where the
seed weight degreasing was 1.68 % (Fig. 4).
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Figure 4. Change in mass of P. pungens seeds before cryopreservation

Photometric analysis of the content of carbohydrates showed that this parameter did not have any de-
pendence on the duration of the cryo freezing stages. So, in P. asperata seeds, the lowest carbohydrate con-
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tent is recorded in the 2nd variant (21 %). The maximum carbohydrate content is recorded in the st varia-
tion (52 %).

The difference between the maximum and minimum carbohydrate content in P. asperata seeds was
31 %. In P. pungens seeds the minimum carbohydrate level is noted in the 2nd variant (21 %) (Table 4).

Table 4
Relative total carbohydrate content at different stages of freezing (in %)
Species 168 hours 72 hours 24 hours 1 hour
P. pungens 40.0 Ak 21.0 59.0
P. asperata 24.5 42.5 22.0 52.0

Note. ¥*** — the total carbohydrate content is outside the defined scale.

The correlation coefficient between carbohydrate content and germination for P. asperata seeds was
0.86; for P. pungens — 0.91, which indicates the presence of a high association between these indicators.

The results of the studies showed a significant difference in the reaction of seeds to cryogenic storage.
In P. asperata seeds, in 3 variants of the experience, germination was higher than in the control, and
amounted to 4 to 32 %. In P. pungens seeds in the experiment the germination was on 18-22 % lower than
for control data. An important indicator is the duration of each of the freezing steps. The greatest indicators
of germination of seeds were experience variants with time intervals of 24 and 168 hours. After one hourly
interval of phased freezing, neither species seedlings appeared. Similar results are obtained in the experi-
ments of G.V. Verzhuk [18]. The physical effect is due to large intracellular ice crystals, which form during
rapid cooling and cause mechanical damage [19].

The germination of P. asperata seeds increases as the duration of each of the freezing stages increases,
and in P. pungens seeds, the germination of seeds decreases as the freezing intervals increase.

In our opinion, this may be the result of the fact that the level of free water in seed cells of different
species has different evaporation rates, which in turn leads to different carbohydrate contents [20].

The most important factors determining the possibility of long-term storage of spruce seeds is their
humidity before laying cryopreservation [21]. Comparison of carbohydrate content data in the seeds of the
studied species indicates that high carbohydrate content negatively affects the storage process. This
contradicts the data available in the literature. Thus, in the work of G.E. Speranza [22] it is indicated that an
increase in carbohydrate content contributes to the binding of water molecules, reduces the risk of further
dehydration. In pollen studies, a higher carbohydrate content contributed to keeping water within certain
limits, resulting in a slower decrease in its viability.

It is found that germination directly related to the type of carbohydrates and their content [17]. This
makes it possible to assume that the carbohydrate ratio changes during storage, which requires additional
studies.

Conclusion

As a result of the experiments carried out, it was found that the seeds of P. pungens and P. asperata
have a multi-directional reaction to the influence of influences beyond low temperatures. Thus, the energy of
germination and germination of P. pungens seeds decreases relative to the standard method of stratification
of seeds, P. asperata seeds increase.

The greatest effect on the safety of P. pungens seeds during staged freezing is the time intervals equal to
24 hours, for P. asperata seeds — at the time intervals 24 and 168 hours. Accelerated phased freezing at
hourly intervals adversely affects the preservation of seeds under cryogenic freezing conditions. Thus,
freezing with a time interval of 24 hours should be proposed to freeze the seeds of the two species of spruce
being studied.

Correlation between seed germination indices and total carbohydrate content in P. pungens and P.
asperata seeds is determined. It has been established that an increase in the level of carbohydrates in seeds is
lithing, exceeding this limit negatively affects the preservation of sowing qualities.

The researchers are conducted according to grant project of Science Committee of Ministry of Educa-
tion and Science of Republic of Kazakhstan (No. AP09259548).
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JLb. Apsictan, T.X. Kam3aena, C.Y. Tneykenona, JI.}O. Cupman, A.T. Hypkenosa

HIpipma TYKbIMIAPbIHBIH KPHOKOHCEPBANUSAIAH KEHIHTIT CAKTAYbI
MeH OHIMIUTIriHe KOMipcy AeHreiiniH dcepi

Makanana Picea TybICBIHBIH OKinzepi P. asperata xoHe P. pungens WbIpiia TYKbIMIAPBIHBIH OMIpIICHAIr HE
JKOHE CaKTaTyblHAa KPHOKOHCEPBAIMs dAICIHIH ocepi 3eprrenmi. Kpnomysnarynsry Oamamansl opici perinme
TeMIIepaTypaHbl Ke3eH-Ke3eHMEH 3 caTbUIbl TOMEHIETY dfici KonmaHsuiasl: 1 keseq +4 °C, 2 ke3eH —18 °C,
3 kezeH —196 °C cyiibIK a30T. KockiMina 4 yakwIT apanbiFbiHbIH (1 carat, 24 carat, 72 carat, 168 carar)
TYKBIMHBIH CaKTalyblHA ocepi 3epTTeiui. AJbIHFaH HOTIKeIepai (OTOMETpHs dIiciMeH TYCIHAIPY YLIiH
3 My3laty Ke3eHiHiH alablHIa TYKbIMAAPAAFEl KOMIPCYJIap IbIH JKalllbl MeJILIepi aHbIKTaI bl TYKbIMIapIbIH
OHIMJIUIIK HOTIKEJIEpiHe JKYPri3UIreH Tajunay 3epTTeNreH TYPJIepAiH TYKbIMIAphl KPHOMY3/aTyFa ap TYpii
ocep ererinin kepcerri. CoHbIMEH, P. asperata TYKbIMBIHAA 3 OSKCIIEPUMEHTTIK HYCKaJa TYKbIMHBIH
eHIMIUITI OakplIay MoHIHEH 4-32 % >KOrapbl OOJIABI, ajl TYKBIMHBIH >KOFaphl OHIMALTIr 168 carar yaksIT
HHTEPBANbl  KOJNJAHBUIFAH Bapualysia aHBIKTAABL. P. pungens TYKbIMIApbIHIA OSKCICPUMEHTTIK
BapHaLysIapAarkl TYKbIMHBIH OHIMALIIK KepceTkilrepi Oakpuiay MoHaepiHeH 18-22 % TemeH 0oibl, ai
IKCIIEPUMEHTTIK Bapuauysiap apacblHAAFbl TYKBIMHBIH JKOFapbl OHIMIUIr 24 caraT yaKbIT HHTEpBaJbl
KOJIIQHBIIFaH BapHaLMAla aHbIKTANABL. 3€PTTENreH TYKbIMAApPAAFbl KeMipCyslapAblH JKalllbl MeJIIepiH
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KPUOMY3JATy[IbIH 9P TYpJi apajblKTapblHAa aHbIKTAy Oy KOPCETKill YaKbIT apaJibIFbIHA OaiIaHbICTHI
aiitapibIKTail ©3repeTiHiH aHbIKTazbl. KemipcymapablH jKaimbl KypaMbIHBIH TOMEHIT MoHI 24 caraTThIK
BapHalHsIa, MaKCUMaIIbl MOHI | caraTThIK BapHalUsga aHbIKTaJAbL. TYKBIMHBIH OHIMALTIK KOPCETKIIITepi
MEH KOMipCyJIapIbIH Kbl MOJIIEpi apachIHAAFbl KOPPEISIUSIIBIK TaNay OChl KOPCETKIIITep apachlHAa
sKoFapbl Gainaneic opHaTTEL. CoHBIMEH P. asperata mbipmackinaa [upcon koapdunuentinin Moni 0,86, an
P. pungens msipima tykeiMbraga 0,91 nexreifinge 6ommbL.

Kinm ce30ep: kpuocakray, TYKbIM, a30T, OHIMALIIK, ©Cy KapKbIHIBUIBIFEL, kKeMipcy, Picea pungens, Picea
asperata.

JLb. Apsicran, T.X. Kam3aesa, C.Y. Tneykenona, /[.FO. Cupman, A.T. Hypkenosa

BimsiHue conep kaHusl yIJIeBO0B B CEMeHaxX
HA X BCXO0XKECTh M COXPAHHOCTh MPH KPHOKOHCEPBAMHI

CraThsl TOCBSIIEHA W3YYEHWIO BIMSHHS KPHO3aMOPAaXWMBAHUS HAa COXPAHEHUE ITOCEBHBIX KAueCTB CEMSH
npexacraBureneii pona Picea, P. asperata (ens mepmasas) u P. pungens (enp komouas). B kadectse
IBTEPHATUBHOTO IIOKOBOTO CIOCO0a KPHO3aMOPaXMBAHUS OBUT NMPUMEHEH METOJ II03TAIlHOTO 3-CTyIeH-
4aToro CHWXKEHUs Temmeparypel: 1 stam — +4°C; 2 — —18°C; 3 — —196 °C. JlomomHUTEIFHO OBLIO
nccieI0BaHO Bo3zaeicTBUe 4-X nHTepBaioB (1 4, 24, 72, 168 1) cTynmeH4aTOro 3aMOpaKMBaHUs HA [TOCEBHbBIE
KayecTBa ceMsH. [ OOBSCHEHMS IOJNYYEHHBIX PE3yJIbTaTOB METOJOM (OTOMETPHH ObLIO ONPEAENICHO
olmee conepKaHHE YIJEBOAOB B CEMEHaX Iepex 3-M JTaloM 3aMOpaXHBaHHA (KPUOKOHCEPBAIUH).
IlpoBeneHHBIN aHANU3 pPe3yabTaTOB BCXOXKECTH CEMSIH II0Ka3all, 4TO CEMEHa MCCIENOBaHHBIX BUJOB
Pa3HOHAIPABJICHHO PearupyroT Ha MOITANHOE Kpro3aMopaxusaHue. Tak, y ceMsH P. asperata B 3-X BapHaH-
TaxX BCXO0XKECTh CEMSH OblIa BBIIIE KOHTPOJBHBIX 3HauCHHUi, B mpexpenax 4-32 %, HanOoJbIIas BCX0XKECTh
ceMsH ObUIa BBISBIICHA B BAPHAHTE C HHTEPBAJIOM 168 4. Y ceMsH P. pungens MOKa3aTeNIN BCXOKECTH CEMSH
B ACKIeprMeHTe Obuth Ha 18-22 % Hmke KOHTPOJIBHBIX 3HAYCHUH, a HanOOJbIIas BCXOXKECTh CeMsH ObLia
oOHapyXeHa B BapHaHTe ¢ HHTepBaioM 24 4. OnpeneneHne o0IIEero CoAepKaHus YIriaeBoA0B P Pa3In4HbIX
MHTEpBaIaX KPHO3aMOPAXHUBAHUS YCTAaHOBMIIO, UTO JAHHBIHM MOKAa3aTellb 3HAUUTEIbHO BappHupyeT. Hanbomnee
HHM3KHE 3HAYEeHUs OOLIEro COAEPMkaHHs YIIIEeBOAOB ObIIM BBIABICHBI B BApUALUH C BPEMEHHBIM WHTEPBAJIOM
24 4. MakcuMmanabHOE 3HAuY€HHE OOLIET0 COAEPXKAHUS YITIEBOLOB OBUIO ONPEAEICHO B BapHallMU C
BpPEMEHHBIM HHTepBanoM 1 4. KoppersIuoHHbIi aHai3 MeX/y ITOKa3aTeIIMH BCXOXKECTH CEMSH U OOIIHM
COZIIEPXKAHUEM YIJICBOJOB YCTAHOBHJI BBICOKYIO B3aHMOCBSI3b MEXIy JaHHBIMH IIOKa3aTelsIMH. Tak, y
P. asperata 3nauenne ko3¢ punuenta [Tupcona cocrasmio 0,86, a 'y cemsn P. pungens — 0,91.

Kniouesvie cnosa: xpruo3aMopaKuBaHUe, CEMEHA, a30T, BCXOKECThb, IPOpacTaHue, yrieBoasl, Picea pungens,
Picea asperata.
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