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Study of the influence of some physical factors on the viability of seeds of Echinaceae
pallida variety “Lebedushka”

Application of physical factors allows activating seed germination and increasing plant yield. The article pre-
sents data on testing of germination parameters of seeds of Echinaceae pallida variety “Lebedushka” under
the influence of physical factors. Seeds were preliminarily immersed in liquid nitrogen for a day, and then
subjected to laser irradiation, babbling and magnetic fields for a certain time. As a result of the experiments, it
was determined that exposure to a constant magnetic field promoted a reliable increase in germination rates
by 10.4 % compared to the control. The best germination was determined in seeds exposed to a constant
magnetic field with an induction of 75 pTesla for 3 days, without prior cryopreservation (90.0 %). In the ex-
periments with bubbling, the best germination was determined in seeds without cryopreservation — 75.25 %,
and in the variant of the experiment with He-Ne laser irradiation for 2 minutes without preliminary immer-
sion in liquid nitrogen vapor — 95.0 %.

Keywords: seeds, Echinacea pallida, magnetic fields, babbling, radiation by He-Ne laser, cryogenic storage,
germination.

Introduction

Consideration of the influence of magnetic fields and laser irradiation on the preservation of viability of
seed material of medicinal plant species is currently of great theoretical and applied importance. Valuable
medicinal plants provide pharmaceutical plants of Kazakhstan with medicinal plant raw materials.

According to some literature data [1], a positive effect of various physical factors on the viability of
germinating seeds and the passage of seedlings through the phases of ontogenesis of economically useful
plants has been established.

Laser irradiation acts as a bio stimulator [2], as it triggers mechanisms of growth and development of
plant organism, but this physical factor is poorly studied in relation to herbs. In the scientific environment
there are data of laboratory studies proving the postive effect on the germination of seed material. With laser
bio stimulation of seeds, an increase in the yield of various crops is observed. Due to ionizing radiation there
is an energy exchange between endosperm and embryo, and absorption of rays occurs by certain structural
components of the seed coat.

It is advisable to use the bubbling method for seeds with germination of less than 70 % [1]. Germination
and germinative energy increase as a result of better permeability of the protective layer of the seed coat, as
well as washing out of various pathogenic floras by air bubbles. Due to bubbling, seeds come out of deep
dormancy faster; as a result they germinate 1-2 days earlier than in control variants. Seed material is placed
in a vessel with water for one day, where as a result of compressor operation, oxygen bubbles are formed.
Advantageous features of this method are the rapid passage of ontogenesis phases, friendly germination of
seeds, and high biological productivity of plants.

Under the influence of magnetic field [3], the biological clock of plants, the main processes of synthesis
of various organic compounds are started. The publications of research scientists contain data on the positive
effect of magnetic fields on the viability of seed material of various plant species.

Currently, the number of most plant species, including medicinal plants, growing in Kazakhstan is de-
creasing due to the impact of anthropogenic factor [4, 5].

There is a need to preserve the gene pool of plants, which is based on the data of scientific research
conducted in various countries, and one of the promising methods is cryogenic storage of plant germplasm in
liquid nitrogen [6, 7].

To date, there is a small number of scientific works devoted to the study of the influence of various
physical factors on the viability of seeds and biology of germination of seedlings of medicinal plants. The
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main source of medicinal plant raw materials for the pharmaceutical industry is medicinal plants growing in
natural habitats or cultivating species. One of the promising medicinal plants is Echinacea pallida, which has
antioxidant, antiradical, anti-mutogenic, radioprotective and immunostimulating properties, antimicrobial
activity due to the presence of water-soluble polysaccharide complex relative to Staphylococcus aureus,
Streptococcus pyogenes, Escherichia coli, Candida albicans [5, 8].

Experimental

Seed material of Echinacea pallida variety “Lebedushka” was used in the experiments. Laboratory ex-
periments were conducted to study the effect of physical factors on germination and germination biology of
seeds of Echinacea pallida variety Swan.

To study the effect of babbling, seeds were packed in cloth bags and immersed in a plastic cylinder
filled 2/3 with water, compressed air was pumped by an aquarium compressor. Several variants of the exper-
iment were laid down: 1) with preliminary cryogenic storage for a day in a Dewar vessel and subsequent
bubbling process for 24 hours; 2) seed bubbling for a day.

In the magnetic field experiments, seeds were packed in unsealed plastic tubes that were placed in a
magnet setup. A constant magnetic field of 75 puTesla or 150 uTesla induction was continuously applied to
the test seeds in the magnetic setup. The direction of the magnetic field of the setup coincided with the direc-
tion of the Earth's magnetic field. Two variations of experiments were applied: with pre-storage for a day in
liquid nitrogen vapor and without cryopreservation. Seeds were irradiated for a day and 3 days.

Irradiation with He-Ne laser with a wavelength of 632.8 nm and intensity of 5mwW/cm? was carried out
for a certain time: 30 seconds, 1, 2 and 4 minutes. Experiments with cryogenic storage and subsequent expo-
sure to laser irradiation and without cryopreservation were also conducted with the seeds.

Seeds were frozen in cryobiological tubes at -196 °C for a day in Dewar vessels, followed by slow
thawing at room temperature [9].

Seeds of the studied species were sown immediately after the manipulations. Seeds were germinated in
Petri dishes on 2 layers of filter paper moistened with water in 4-fold repetition. Seeds were disinfected with
0.5 % potassium permanganate for 5-6 minutes. Petri dishes with planted seeds were placed at a temperature
of +24°C in a climatic chamber.

Seed germination parameters were studied according to the methodological instructions of M.S. Zorina
and S.P. Kabanov [10], M.V. Maltseva [11]. The development of seedlings was monitored for 14 days. Sta-
tistical processing of the obtained data was performed according to the method of N.L. Udolskaia [12] and
using the site medstatistic.ru [13].

Results and Discussion

The comparative analysis of the effect of permanent magnetic field on the viability of seeds of Echina-
cea pallida variety “Lebedushka” showed that the best germination was demonstrated by seeds without pre-
liminary cryopreservation and subjected to continuous exposure to a permanent magnetic field with an in-
duction of 75uTesla for 3 days — 90.0 %; similar germination was shown by seeds with preliminary cryo-
preservation for a day and subsequent exposure to a permanent magnetic field with an induction of
150uTesla for 3 days. The control group showed germination of 75.0+5.77 %. The best indicators of germi-
nation without preliminary cryopreservation were observed in seeds exposed to a constant magnetic field
induction of 75uTesla for 3 days — 90.0 %. Compared to the control group, the average germination in-
creased by 11.7 % with cryopreservation, and by 8.2 % without cryopreservation. In the experiment with
preliminary cryogenic storage for a day and subsequent exposure to a magnetic field, the best germination
was observed in seeds exposed to a constant magnetic field with an induction of 150 p Tesla for 3 days —
90.0 % (Table 1).
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Table 1

Parameters of germination of Echinacea pallida variety “Lebedushka” seed materials in different experiments

Parameters of | Control Without cryopreservation After cryopreservation
germination, % Magnet field 75 uTes-| Magnet field 150 |Magnet field 75 uTesla| Magnet field 150
la uTesla uTesla

Period of treatment | Period of treatment | Period of treatment Period of treatment
1 day 3 days 1 day 3 days 1 day 3 days 1 day 3 days
Germinative 65.0+ 6.5|75.5+£ 3.21| 86.25+ 60.5+ 54,25+ |78.0+3.13(65.5+£9.68| 75.0+10 75.0+

energy, % 2.76* 6.35 2.51 3.33
Seed germina- | 75.0+ 85.25+ 90.0* 85.0+ 75.0+ [80.5+0.58|77.5+8.66|85.0+3.33| 90.0*
tion, % 5.77 3.18 3.33 3.33

*reliable difference between the results of the experiment and the control at P<0.05

As a result of the analysis of the obtained data of laboratory studies, the positive effect of exposure to a
constant magnetic field with induction from 75 pTesla to 150 pTesla on the viability of seed material and the
passage of ontogenesis phases was determined. Germination improved on 15 % compared to the control data.

Thus, having considered the effect of a constant magnetic field with induction from 75 pTesla to
150 pTesla on the germination parameters of seeds of Echinacea pallida variety “Lebedushka”, it can be
noted that the viability of seed material improved compared to control values by 9.75 %. In all variants of the
experiment the seedling passes all phases of ontogenesis, in some variants of the experiment there was a de-
lay in germination of seed material for 1-2 days.

For long-term storage of seeds it is recommended to apply preliminary cryogenic storage for a day with
subsequent activation in a permanent magnetic field with an induction of 150 puTesla for 3 days.

At the next stage, a series of experiments on babbling of seed material was carried out. The germination
comparable to control values was established. In the experiment with pre-cryopreservation and subsequent
babbling, the germination decreased to 65.0+=3.33 % compared to the control. In the experiments with bab-
bling, germination was 75.2543.51 %, which is 0.25 % higher than the values in the control group (Table 2)

Table 2

Parameters of viability of Echinacea pallida variety “Lebedushka” seeds after babbling treatment

Variant of experience Germinative energy, % Seed germination, %
Control 65.0+6.5 75.0+5.77
Babbling 60.0+6.34 75.25+3.51
Cryopreservation + babbling 60.0+6.67 65.0+3.33

Analyzing the dynamics of seed germination it was found that seeds germinate faster on the day in the
experiment variants with barbotage — on the 2nd day, in the control group on the 3rd day (Fig. 1).
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Figure 1. Dynamics of germination of seed material of Echinacea pallida variety “Lebedushka”
after babbling treatment
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The effects of laser radiation on the biology and dynamics of seed germination were examined in
laboratory experiments. Seed material of Echinacea pallida was exposed to He-Ne laser for a duration of 30
seconds to 4 minutes. The best germination was demonstrated by seeds without preliminary cryogenic
storage, irradiated for 2 minutes — 95.0+3.33 %, which is 20 % higher than the control values (Table 3).

Table 3
Influence of laser radiation on seed viability of Echinacea pallida variety “Lebedushka”
Parameters of Control Without cryopreservation With cryopreservation
germination Period of treatment | Period of treatment | Period of treatment | Period of treatment
30 sec 1 min 2 min 4 min 30 sec 1 min 2 min 4 min

Germinative 65.0+ 6.5 |60.0+£ 6.67| 64.5+ 85.0+ 60.0£0 | 55.0+ |90.0+6.67*|50.0+ 6.67| 40.0+0*
energy, % 16.34 3.33 7.01
Seed germina- |75.0=5.77|70.0+ 6.67| 70.5t 95.0+ |[85.0+3.33| 66.75+ | 90.0+ 6.67 | 60.0+£0* |50.0+ 6.67
tion, % 1238 3.33* 6.84
* reliable difference between the results of the experiment and the control at P<0.05

By conducting a comparative analysis of the conducted studies with and without preliminary storage of
seeds for a day in liquid nitrogen vapor, followed by exposure to laser radiation, it was found that the best
viability was demonstrated by seeds without cryopreservation. Thus, in experiments with seeds without cry-
opreservation, the best germination rates were observed in seeds irradiated with laser beam for 2 minutes —
95.0+3.33 %. In experiments with pre-cryopreservation, the best germination was determined in seeds irradi-
ated for 1 minute — 90.0+6.67 %.

Having studied the dynamics of germination of seeds of Echinacea pallida variety “Lebedushka” in dif-
ferent variations of the experiment, it was determined that seeds irradiated for 30 seconds without prelimi-
nary cryopreservation begin to germinate on the 3rd day from the moment of sowing, on the 4th day — ex-
posed to laser radiation for 2 and 4 minutes without cryopreservation and with preliminary cryogenic storage
and subsequent irradiation of 30 seconds. In the remaining experiments, germination was observed on the 5th
day.

The effect of physical factors on germination parameters of Echinacea pallida variety “Lebedushka”
was considered and analyzed, it was found that to obtain viable seed material and well-developed seedlings
should be exposed to laser beam for 2 minutes, germination in this variant of the experiment increases by
20 % compared to the control (Table 4).

Table 4

Effect of different physical factors on seed viability parameters of Echinacea pallida variety “Lebedushka”

Permanent magnetic Without cryopreservation

Parameters of germi- field B=75mTesla (3 . yopreser '
. Control . Babbling He-Ne laser irradiation for 2
nation days) without .
- minutes
cryopreservation

Germinative energy, 65.0+6.6 86.25+2.76* 60.0+6.34 85.0+3.33*
%
Seed germination, % 75.0+5.77 90.0+0* 75.25+£3.51 95.0+3.33*
* reliable difference between the results of the experiment and the control at P<0.05

Comparing the effect of physical factors on the dynamics of germination it was found that seeds begin
to germinate on the 2nd day using the method of babbling, on the 4th day — with laser beam irradiation for 2
minutes, on the 5th day — with exposure to a constant magnetic field with an induction of 75 pTesla for
3 days (Fig. 2).
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Figure 2. Effects of physical factors on the dynamics of seed germination of the test species Echinacea pallida
variety “Lebedushka”

Conclusion

According to the analyzed literature review, it was determined that physical factors have a positive
effect on the viability of seeds of the studied species. Permanent magnetic field with induction from
75 uTesla and up to 150 pTesla has a favorable effect on germination indices of seeds of the studied species:
germination increased by 10.4 % compared to the control. The best germination was observed in seeds
exposed to a permanent magnetic field of 75 pTesla induction for 3 days, without preliminary cryogenic
storage — 90.0 %. In experiments with bubbling, the best germination was found in the variant without
cryogenic storage — 75.25+3.51 %. In the experiment with laser irradiation, the best results were obtained in
the variant of irradiation for 2 minutes without preliminary cryopreservation — 95.0+3.33 %. Thus, the use of
He-Ne laser for 2 minutes to activate germination can be recommended for the seed material of Echinacea
pallida variety “Lebedushka”.
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E.A. I'aBpunbkoBa, C.Y. TneykenoBa, A.K. Pamazanos, A.I'. ’Kymuna,
O.b. Cenpnaroraes, JI.A. 3UHOBLEB

Echinaceae pallida copTbinbin «Jledeaymka» TYKbIMIaAPbIHBIH OMipIIeHAirine
(usukaabIK pakTOpJIAPIABIH dCEPIH 3epTTEY

Makanana ¢usukansk (akropiapra yusiparad Echinaceae pallida copteinsiy «JIeGenymka» TYKbIMIaphi-
HBIH OHYI Typaibl aknapar OepinreH. TyKbIMaap anablH-ana 0ip TOYIiK O0IbI CYHBITEUIFAH a30TKa OaTHIPBLI-
IIbl, COJIaH KeiiH Oenriii Oip yakbIT GOMBI Ja3epIliK CoyJeNIieHyre KoHe MarHuT epiciHe ymsipaasl. COHBIMEH
KaTap 3epTXaHaJbIK 3epTTeyNepAe KOmpHIK omici KommaHeUIIbl. ToxipuOenepIiH HOTHXKECIHAE MarHHUT
opiciHiH ocepi OakpUIayMeH CajbICTBIPFAHIA ©HY KbUITaMABIFBIHBIH 10,4 %-Fa apTyblHa BIKIAI ETETiHI
aHBIKTANABL. EH >KaKCchl OHTIMITIK ajIblH ala KPHOCAKTayChl3 3 KYH OOIBI Oip MarHHUT ©piciHiH dcepiHe YIIbI-
paraH TykeiMaapaa tabbuiasl, o1 — 90,0 %. KemipiiikreHyMeH KyprisiireH Toxipubesnepae eH jKakChl OHy
KPHOKOHCEPBALMACHI3 TyKbIMaapaa — 75,25 %, an He-Ne nazepimeH coyneneHzaipy ToxipuOeciHae anibH-
ayia Cy#bIK a30TKa OaThIpbUIMaraHIbIKTal 2 MUHYT itmiaae — 95,0 % Gomabl.

Kinm ce30ep: tykpiMaap, Echinaceae pallida, maraur epici, 6ap6oprupiiey, He-Ne mazepmen coyieneny,
KPHOTEH/II CaKTay, OHIMALIK.

E.A. I'aBpunskoBa, C.Y. Tneykenona, A.K. Pamazanos, A.®. )Kymuna,
O.b. Cenparoraes, JI.A. 3MHOBLEB

HN3ydyenue Biausinus pusnyecknx GakTopoB HA COXPaHEHHE KU3HECTIOCOOHOCTH CeMSIH
Echinaceae pallida copra «Jlebexymnrka»

B cratbe mpejcraBiieHsl cBeneHus o mpopacranuu ceMsaH Echinaceae pallida copra «JleGeaymikay, mon-
BEprIIMXCs Bo3JeiicTBuIO (r3nueckux (aktopoB. CeMeHa MpeiBApUTENBHO HOTPYKAIKCH B KUK a30T Ha
CYTKH, 3aTeM MO/IBEPrajucCh Ja3epHOMY OOJIYYCHHIO M BO3/ICHCTBHIO MarHUTHBIX TIOJICH B TEUCHHUE OIpesie-
JICHHOTO BpeMeHH. Taike B JJAOOPaTOPHBIX MCCIENOBAaHMSAX OBLT MCIIONB30BaH MeTox OapOoTmpoBaHus. B
pe3yibTaTe MPOBEACHHBIX 3KCIIEPHMEHTOB OBUIO OMPEAENCHO, YTO BO3JCHCTBHE MOCTOSHHOIO MAarHUTHOTO
HOJIsL CHOCOOCTBYET YJIy4IISHHIO IMokasareneid mpopacranus Ha 10,4 % O CpaBHEHHMIO C KOHTpPOIEM.
Hawnny4mnias BCXoxecTb ObuUia Ompe/iesieHa Y CEMsIH, MOABEPTIINXCS BO3JEHCTBHUIO MTOCTOSIHHOTO MarHUTHOTO
noJist uHayKiuen 75 MxTecna B Teuenue 3 cyTok, 6e3 npeasaputenbHoro kpuoxpanenus, — 90,0 %. B skc-
HnepuMeHTax ¢ 6apOOTHPOBAaHMEM JTyUlllasi BCXOXKECTh OblIa yCTaHOBJIEHA Y CeMsH 0e3 KpHOKOHCEpBalluy —
75,25 %, a B BapnaHTe 3KcliepuMenTa ¢ o0mydeHnem He—Ne nazepom B TedeHne 2 MUH 0€3 IpeBapUTEIbHO-
TO TIOTPY)KEHHSI B Taphl )KUAKOTo azota — 95,0 %.

Knioueswie cnosa: cemena, Echinacea pallida, marautHoe mone, 6apborupoBanue, obinydenine He—Ne maze-
POM, KPHOTEHHOE XPaHEHHEe, BCXOIKECTb.
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