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Assessment of the effect of long-term seed storage on the viability of Matricaria
chamomilla seeds after cryopreservation

The article presents the study of influences of cryopreservation on seed germination of Matricaria
chamomilla. Four varieties «Moscow Region», «Karagandinskaya», «Aibolit» and «Old Lekar» are used in
the work. The seeds of the test species are cryopreserved in liquid nitrogen, followed by defrosting at room
temperature and rapid defrosting in a water bath at temperature +40 °C. After cryopreservation the seeds are
planted in Petri dishes and placed in a climate chamber for determination laboratory germination. It is noted
that the best results are obtained in the defrosting variant at the room temperature. Therefore, the maximum
germination rate for variety «Karagandinskaya» was 84.0%, energy of germination — 83.0%; for «Aibolit»
variety was 82.0% and 81.0%, respectively; «Moscow Region» variety had a minimum germination rate —
13.0 % and energy of germination 10.0 %. While for the «Old Lekar» variety, the optimal thawing mode was
rapid thawing in a water bath at the temperature +40°C; seed germination was 63.0%, energy of germination
— 62.0%. Thus, it is necessary for receiving more viable seeds of varieties of Matricaria chamomilla after
freezing in liquid nitrogen to apply the slow mode of thawing at the room temperature +24 °C.

Keywords: Matricaria chamomilla, cryopreservation, laboratorial germination, energy of germination, seed
material.

Introduction

At present times, the conservation of the gene pool as one of the tasks in the conservation of nature is
given great attention worldwide. This is due to the limited biological resources necessary for human exist-
ence and the threat of their depletion caused by the powerful technological impact of civilization on the envi-
ronment, which sometimes affects plants. Many plant species are not yet well studied, but they are all genetic
resources that a human can use. Therefore, the loss of any of them is an irreparable problem [1].

During the process of introducing wild medicinal plants, optimization of the storage conditions of the
seed material plays an important role, as long as possible. Seed storage is a set of measures aimed at preserv-
ing the sown and varietal qualities of the seed fund. To preserve seeds work is carried out based on physical
and physiological properties of studied seed mass [2].

The most important indicator of seeds in organizing storage activities is ensuring viability (germination
rate and energy of germination). During long-term storage the germination of many crops varies greatly.
Freshly harvested seeds do not always have good germination. For many seeds additional time is needed so
that they end the processes of post-harvest maturation. It is noted that the seeds of some plants retain germi-
nation for years, others for decades [3].

Traditional methods of storage at the low positive temperatures and in the cabinet freezer are not able to
provide high-quality storage, which is associated with drying up of plant material, damage by fungal and
bacterial infections and pests. Therefore, one of the modern directions of preservation of seeds of wild and
cultivated medicinal plants is freezing in liquid nitrogen at the extra low temperatures (-196 °C) [4, 5].

Seeds are the most optimal form of storage of genetic material, since samples require relatively little
care and remain viable for a long period of time [6]. To this purpose in early 1970s the first centers for the
long-term preservation of germ plasm were organized in a number of countries (Italy, Germany, USA, Ja-
pan). Since the life expectancy of seeds is very different: from several hours (in some tropical orchids) to
tens and hundreds of years, one of the most important issues is their storage regime, which depends on spe-
cies belonging, anatomical, physiological, biochemical, morphological features of seeds, has well as the con-
ditions of their storage (temperature, humidity, composition of the gas composition, etc.) [7].

Cryopreservation of seeds and their isolated fragments is important for ex situ preservation as a reserved
repository. Also, this method of storing seeds is financially inexpensive and convenient, despite the fact that
effective protocols are not developed for all plant species. At the moment many scientists are conducting re-
search in the field of resistance of seeds to cryopreservation, their behavior during storage. The benefits of
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this direction related to cryopreservation can contribute to the management of seeds for reproduction and the
conservation of their genetic resources [8—13]

In Central Kazakhstan the perspective species for cultivation and production of phytopreparations is
Matricaria chamomilla. Chamomile (Chamomilla recutita (L.) Raushert., or Matricaria chamomilla L.,
M. recutita L.) is annual herbal plant of Asteraceae family [14—16]. Chamomile is in Pharmacopoeia in
more, than twenty countries. This is a valuable medicinal plant, inflorescences containing essential oil, which
includes more than 40 components, serve as raw materials. The main therapeutic properties are attributed to
chamazulene; its content in breeding varieties can reach 10 % or more.

Chamazulen has anti-inflammatory, sedative, anti-allergic and topically anesthetic properties, is able to
activate the function of the immune system. Flavonoids, derivatives of apigenin, luteolin and quercetine,
which have an anti-inflammatory effect, are found in the flowers of the chamomile. Beta-carotene,
coumarins, sitosterol, antispasmodic glycoside, polysaccharides and organic acids are also found in raw ma-
terials [15, 17]. Aromatic and pleasant taste of chamomile lets to use it in various food products, confection-
ery, alcoholic/soft drinks, sweets and jelly [17]. The main suppliers of chamomile raw materials to the world
market are Argentina, Bulgaria, Germany, Egypt, Slovakia, Czech Republic. Ready dosage forms:
Romazulan, Alor, Arfazetin, Rotokan, Camiloside [15, 18, 19].

The aim of present work is the assessment of influences of long-term storage of seeds on viability of va-
rieties of Matricaria chamomilla after cryopreservation in liquid nitrogen.

Materials and Methods

The objects of the study were the seeds of Matricaria chamomilla of the four varieties
«Karagandinskaya», «Aibolit», «Old Lekar» and «Moscow Region». Cryoprocessing was carried out by di-
rect immersion of seeds in plastic tubes in Dewar vessels with liquid nitrogen (-196 °C). The seed material is
stored in a Dewar vessel for 6 months. Samples of seeds are defrosted at the room temperature (slow thawing
+24 °C) and in a water bath +40 °C (fast thawing). The viability of the seed material is evaluated by laborato-
ry germination [20].

The control seed is stored in dry place in paper bags. Germination is calculated as the ratio of the num-
ber of germinated seeds to the number of planted and expressed as a percentage. After thawing, all seeds are
set for germination in 50 pieces of Petri dishes in 4-fold repetition on two-layer filter paper, previously wet-
ted with distilled water (Fig. 1).
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Figure 1. Determination of viability of seeds of varieties of Matricaria chamomilla in the laboratorial conditions

Petri dishes with seed material are placed in climate chamber Binder at the temperature +25 °C with
constant illumination.

Results and Discussion

Analysis of germination rate and energy of germination of the seed material of Matricaria chamomilla
varieties after cryopreservation for 6 months according to the test versions with different defrosting types
showed that the best results are noted in the version with defrosting at room temperature. Accodingly, the
maximum germination rate for «Karagandinskaya» variety was 84.0 %, energy of germination was 83.0 %;
for «Aibolit» variety was 82.0 and 81.0 %, respectively. «Moscow Region» variety had the minimum germi-
nation rate 13.0 %, energy of germination 10.0 %. Whereas for «Old Lekar» variety the optimal thawing
mode was rapid thawing in a water bath (+40°C), seed germination was 63.0 %, energy of germination was
62.0 % (Tab. 1).
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Table 1

Germination rate and energy of germination of seeds
of Matricaria chamomilla varieties after 6 months cryopreservation

Name of variety Variant of experience Germination rate, % Encrgy of§/;crm1nat10n,
«Karagandinskaya» Control . . . 90.0+1.5 90.0+1.5
variety Cryopreservagon w¥th slow defros.tmg 84.0+1.0 83.0+0.8

Cryopreservation with fast defrosting 41.0£1.4 34.0+2.1
Control 71.0+1.7 70.0+1.5
«Aibolit» variety Cryopreservation with slow defrosting 82.0+1.6 81.0+1.6
Cryopreservation with fast defrosting 73.0+3.6 70.0+4.9
Control 44.0+3.0 40.0+3.6
«0ld Lekar» variety Cryopreservation with slow defrosting 41.0+0.8 38.0+1.1
Cryopreservation with fast defrosting 63.0+£2.8 62.0+3.0
«Moscow Region» Control . . . 24.0+1.4 18.0+0.8
variety Cryopreservation with slow defrosting 13.0£1.9 10.0£1.6
Cryopreservation with fast defrosting 9.0+1.3 6.0£0.5

After analyzing the obtained data, it is found that the seed material of «Karagandinskaya» variety
showed maximum germination in the control group that amounted to 90.0%, while the germination of seeds
after cryopreservation with slow defrosting was 84.0%, which is lower by 6.0% of the control samples. The
minimum germination is demonstrated by seeds with rapid thawing: 41.0%. Energy of germination depend-
ing on the test variant changed in the same way as germination rate. So, the control group was 90.0%, while
cryogenic storage with slow defrosting showed 83.0%, with fast defrosting — 34.0% (Fig. 2).
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Figure 2. Determination of germination rate and energy of germination of seeds of Matricaria chamomilla,
«Karagandinskaya» variety after long-term storage 6 months in liquid nitrogen

Different results are obtained for «Aibolit» variety. Compared to the control, the germination rate of
seeds in the experimental group with slow defrosting and 2% with fast defrosting is increased by 11%
(82.0 % and 73.0 %, respectively). The control group showed the lowest germination — 71.0%. Almost sim-
ilar results were in the energy of germination: control — 70.0%, cryopreservation with slow defrosting —
81.0 % and cryopreservation with fast defrosting — 70.0% (Fig. 3). In this case extra-low temperatures had
positive effect on the viability of the seeds of Matricaria chamomilla, «Aibolite» variety.

As follows from the data presented in Figure 4, cryopreservation had the best effect for «Old Lekar» va-
riety during fast defrosting. So, the germination rate of seeds was 63.0%, energy of germination 62.0%. The
minimum values of germination rate and energy of germination are shown by cryopreservation of seeds with
slow defrosting — 41.0% and 38.0%, respectively. Control values were also low.
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Figure 3. Determination of germination rate and energy of germination of seeds of Matricaria chamomilla,
«Aibolit» variety after long-term storage 6 months in liquid nitrogen
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Figure 4. De termination of germination rate and energy of germination of seeds
of Matricaria chamomilla, «Old Lekar» variety after long-term storage 6 months in liquid nitrogen

For «Moscow Region» variety, the viability of seeds, both in control and in experimental groups, turned
out to be the lowest compared to the three previous varieties (Fig. 5). Perhaps, this is due to the fact that
seeds of this variety were stored for more than one year before cryopreservation.
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Figure 5. Determination of germination rate and energy of germination of seeds of Matricaria chamomilla,
«Moscow Region» variety after long-term storage 6 months in liquid nitrogen
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According to literary data, the maximum germination rate is noted for chamomile seeds storage 6—12
months, after which a gradual decrease in germination rate is observed [21]. Also, a number of authors [22]
established important facts revealing some reasons for the low germination of seeds in plants by their stor-
age: a decrease in breathing intensity, increasing free fatty acid content, reducing the content of vital sub-
stances; reducing sucrose content, action of pathogenic microflora. The cryopreservation of seeds in this case
did not have any positive effect. Germination rate and energy of germination of the control group seeds were
24.0 and 18.0%, cryopreservation with slow thawing — 13.0 and 10.0%, cryopreservation with fast defrost-
ing — 9.0% and 6.0%.

Conclusion

Thus, in order to obtain more viable seeds of chamomile varieties, when freezing in liquid nitrogen, a
slow thawing regime should be used at room temperature +24°C; for long-term storage purposes the seed
material should be cryopreserved using cryoprotective substances, since in some experimental groups the
germination and germination energy of seeds were still lower than control values.
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A K. Pamazanos, JI.I'. babemmna

KpuokoncepBanusiian keitin Matricaria chamomilla copTbl TYKBIMBIHBIH
OMipHIeHIrIHIH Y3aK Mep3iMi TYKbIM CaKTay dCcepiHiH 0arajaybl

Makanana KpHOKOHCEPBAIMSHBIH TYHMeIaK TYKBIMIAPBIHBIH ©HyiHEe acepl 3epTTeireH. ABTopiiap
«longmockoBHas», «Kaparannuackasy», « AO0IUTY xkoHe «CTaphlil IeKapb» AETeH TOPT COPTTHI KOJIIAHFaH.
3epTTenreH TYpJICpPIiH TYKbIMIAphl CYHBIK a30TTa KPHUOKOHCEpBAlMsUIAHFAaH, COJAH KeHiH Oesime
TeMmeparypacbiHia koHe + 40°C cy MOHIIACHIHZa Te3 epyiHe yiublparaH. KpHokoHcepBammsiaH KeHiH
TykpiMaap Ilerpu TaGakiuamapblHa OTBIPFBIBUIBIN, 3€PTXAHAIBIK OHTIIITIKTI aHBIKTAy YIIiH KJIMMAaTTBIK
KaMmepara OpHaJIacThIpbULABL. EH KaKChl HOTIKE OesMe TeMIepaTypachblHAA €piTy apKbUIbl albIHFAH/BIFbI
6enrinenni. CoHBIMEH, TYKBIMHBIH MakcuManibl eHrimTiri «KaparamguHckasy coptel ymiu 84,0 %, eHy
sueprusicsl 83,0 % «AiGomuT» copthl yuriH colikecinme 82,0 % xone 81,0 % xypansl. «IloxmockoBHAs
COPTHIHBIH 6Hy MUHUMYMEI 13,0 % sxone eHy sueprusicel 10,0 %. «Crapslif 1ekapb» COPTHI YIIIH OHTaIbI
epity pexumi + 40°C cy MoHIIAckIHIa Te3 kKibiTy 60bl, TYKbIM eHrimrTiri 63,0 %, eny snepruscsl 62,0 %.
Ocelraiina, TyHMeqaK COPTTapbIHBIH OMIpIISH TYKBIMIApHIH aly YIIIH CYHBIK a30TTa My3JaraHma Genme
Temmeparypacbiaia + 24 °C Oasty epiTy pexHUMiH KOJJaHy KaKeT.

Kinm coe30ep: Matricaria chamomilla, XpuOKOHCepBalWs, 3epTXAaHAIBIK OHTIITIK, ©HY JSHEPTHSiCHI,
TYKBIMJIBIK MaTepHal.

A.K. Pamazanos, JI.I'. babemmna

OuneHka BJIHSTHUS 10JITOCPOYHOT0 XPAHEHHS CeMSIH HA KU3HECNOCOOHOCTh
ceMsiH coptoB Matricaria chamomilla nocjie KPMOKOHCEPBALMHT

B craTtbe M3yyeHO BIMSIHUE KPHOKOHCEPBALMHM HA BCXOXECThb CEMSH POMAIIKH aNTe4yHOH. ABTOpaMH ObLTH
UCTIONIB30BaHbl dyeThipe copra «lloamockoBHas», «Kaparanaunckasy», «Aitbomur» u «Crapsiii iexapby». Ce-
MEHa HCCIIeyeMbIX BUJIOB MOJBEPraIlCh KPUOKOHCEPBAIIMU B XKUJKOM a30T€ C MOCIEIYIOIUM Pa3MOPaXH-
BaHUEM IIPH KOMHAaTHOH TemIiepaType M OBICTPBHIM pa3MOpakuBaHHEM Ha BomsHo# Oane mpu +40°C. ITocne
KPHOKOHCEPBALMM CEMEHA BBICA)KMBAIM B Yainkax IleTpu u nomemanyu B KIMMaTHYECKYIO KaMepy AJIs Ompe-
JeneHns 1abopaTopHOI BCX0XKECTU. BplIo 0TMeueHo, 4TO HauIydIlde pe3yNbTaThl MONy4YEeHbl B BAPHAHTE C
pa3sMopaxMBaHHEM IIPU KOMHATHOW Temmeparype. Tak, MakcuMasbHas BCX0XKECTb ceMsH it copra «Kapa-
ranauHCcKas» cocrasmia 84,0 %, sueprus npopactanus 83,0 %, mis copra «Aibomuty — 82,0 % u 81,0 %,
COOTBETCTBEHHO, y copra «IlonMockoBHas» OTMEYeHAa MUHMMAaIbHAs BexoxkecTh 13,0 % u sHeprus npopac-
taaust 10,0 %. Torma xak st copra «CTapblif JIeKapb) ONTUMANBHBIM PEXHMOM OTTaUBAHUS SIBISUIOCH OBI-
CTpoe pa3MopakMBaHUe Ha BoJstHOU Oane mpu +40°C, BcxoxecTs ceMstH coctaBuia 63,0 %, sHeprus npopac-
taHust 62,0 %. Takum o6paszoMm, ISt MoIydeHus: 6oJiee KU3HECTIOCOOHBIX CEMSH COPTOB POMAILKH aNTeYHON
HEO00XOUMO MPH 3aMOPAXHMBAHUH B XKHUIKOM a30T€ NMPHUMEHSITh MEIJIEHHBIH PEXXUM OTTaMBaHUS TPHU KOM-
HaTHOI TemmnepaType +24°C.

Kniouesvie cnosa: Matricaria chamomilla, xpuokoHcepBanus, 1abopaTopHasi BCX0XKECTb, SHEPTUs popacTa-
HUSl, CEMEHHOM MaTepual.
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