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Optimization of cultivated strawberry micropropagation using a biogenic silica and
green-tea-flavonoids-based mechanocomposite

Summary. For the first time, organogenesis and physiological characteristics of Fragaria
ananassa microclones (cvs. ‘Alpha’ and ‘Solnechnaya polyanka’) under the influence of
mechanocomposite (MC) based on rice husks amorphous silica and flavonoids of green tea during
the multiplication stage in in vitro conditions were studied. The addition of the MC (0.0, 2.5, 5.0
and 10.0 mg-L?) to the Gamborg-Eveleg’s basal salt medium supplemented with 0.75 mg-L™* 6-
benzylaminopurine has shown beneficial action on processes of organogenesis followed by
enzymatic, photosynthetic, and hormonal activities of in vitro cultured strawberry plantlets. In
both cultivars, the high frequency of proliferation (100 %) and maximum number of axillary
shoots increased by 1.8-2.0 times on medium supplemented with 5.0 mg:L* MC. The
concentrations of 2.5 and 5.0 mg-L* MC were optimal for obtaining plantlets with high
physiological state in in vitro conditions. The results may be used for the development of
production systems for a healthy planting material using biotechnological approaches and
recommended for commercial strawberry micropropagation.
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JukapeB Anexkcell Bnagumuposud
Ouenka oTBeTa YeThIpeX COPTOB IPOBOI0 TYMEHsI Ha AelCTBHE KaAMUs 110
(pu310JI0r0-0MOXMMHYECKMM U MOP(OMETPHYECKHM NapaMeTpaM B YCI0BHAX
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OnHo¥ U3 aKTyanbHBIX IPOOJIEM COBPEMEHHOTO CEIBCKOI0 X035ICTBA CTANIO 3arpsi3HEHNE
noyB TspkenbiMu Metaruiamu (TM), Takumu, kak xkagmuit [1]. [Ipobneme BozaeiictBust atoro TM
Ha CEJIbCKOXO3SIICTBEHHBIE PACTEHMS MOCBAIIEHO MHOTO padoT, OJHAKO 3TOT BONPOC TpedyeT
JOTIOJIHUTENBHOTO ~ MccleioBaus  [2]. B uyacTHOCTH, MHTEpEeCHOM TeMOW — sABIAETCA
BHYTpUBHOBas quddepeHnmanust no yctouuBocTd K TM cenbCKOX03sMCTBEHHBIX KYIbTYp U
NpUYMHBL ee (opMHUpoBaHUs. V3BEeCTHO, UTO COpTa PacTEeHUI MOI'YT MPOSIBIISITH MMOBBIIIEHHYIO
ycroiuuBocTh K TM, Oyaydn CHOCOOHBIMM YCIIEIIHO 3aBEpPIINTh >KU3HEHHBIM LMK Jake B
YCIIOBUSIX BBICOKOTO COZIEp)KaHUsI MOJUTIOTaHTa B mouse [3, 4]. MnenTudukaims Takux copToB
MO3BOJISIET YIIIyOUTh MOHMMaHUE OOIIEOMONIOTHYECKUX MEXaHW3MOB CTpPECcC-yCTOWYHMBOCTH, a
TaKXKe CIIOCOOCTBYET YITyUIIEHHIO TPOIOBOILCTBEHHON 0€30MacHOCTH. SluMeHb — MOIX OIS
OOBEKT JJIsl TAKOTO MCCIIEIOBAHUS, TAK KaK OH — BayKHEHILAsi CeJIbCKOXO3HCTBEHHAs! KYIbTYpa,
LIMPOKO BO3/ENbIBaEMas 10 BCEMY MHPY U JOCKOHAJbHO HW3y4YEHHas HA BCEX YPOBHIX
opranuzauuy. Panee HaMu ycTaHOBJIEHO [5], Y4TO MPOPOCTKU PA3IUYHBIX COPTOB SUMEHSI HE
OJIMHAKOBO pearvpyroT Ha ACHUCTBUE KaJMMs, W 3TH COpTa PA3[EiIOTCS HAa YCTOHUMBBIE U
YyBCTBUTENIbHBIE. Lleb HACTOAIIETO HCCIEAOBAaHWS — OLIGHUTh, BOCIIPOM3BOIATCA JIM
PE3YIbTaThI, IOyYEHHBIE HA IPOPOCTKAX, B YCIOBHAX MOJIHOTO LIUKJIA BETETaLUH.
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OcylecTBIIEH BEreTallMOHHBINA 3KCIEPUMEHT Ha JEPHOBO-TIOJ30JIMCTON IOYBE C
BHeceHusM Cd?" B mo3zax 25 u 50 mr/kr. Ilo gaHHBIM [6], Takue 03Bl CYIIECTBEHHO
YTHETAIOT KU3HEHHBIE MPOIECCHl SYMEHS, HO HE BEAYT K THOeNu pacTeHUH, MO3BOJISS
OLIEHUTb YCTOMUYMBOCTh PA3JIMUYHBIX COPTOB A3TOM KylbTypbl. B3sThl 4 copra spoBoro
STIMEHSI, KOHTPACTHBIC 10 yCTounBOCTH K Kaamuio (Ca 220702, Malva — uyBcTBUTENBHBIC;
Mectubiii, Cumdonus — ycroumBeie). OleHUBAIW: BHEIIHUW BHUJ PACTCHHH,
MopdoMeTprudyeckue MapaMeTpbl (BbICOTAa pacTeHuii, Ouomacca, IUIOIAAb JIUCTHEB),
(bu3n0I0r0-ONOXUMHUYECKUE KpUTEpUU (COepKaHUuEe B HAA3EMHOH Onomacce MpojMHa U
MJA), ctpykrypa ypoxas (macca 3epHa 1 1000 3epeH, cooMbI).

IToka3aHbl 3HAUMMBbIE PA3IUUUs 110 OTBETY YCTOMYMBBIX U UYBCTBUTEJIBHBIX COPTOB
Ha o3y Cd** 50 mr/kr (pucynok 1). HauGonee spko OHM MPOSBUINCH MO HPOXYKTHBHOCTH
— Y UyBCTBUTEJIbHBIX COPTOB YpO’Kasi MPAKTUYECKH HE MOJIyYEHO, @ Macca COJIOMbI ObLIa 10
YeThIPEX pa3 MEHBIIIE, YeM y yCTOWYMBBIX (pUCYHOK 1A). Mopdomerpuyeckre moKa3aTenu
JIEMOHCTPUPOBAIIM CXOJHYIO KapTUHY (YCTOWYMBBIE COpTa MPEBOCXOAAT UyBCTBUTEIbHBIC).
He BbisiBieHo pasznuuuii B HakoruieHHH B TKaHsaX MJIA u mponuna. OTME4YeHO (PUCYHOK
1B), uro ycToifuMBBIE COpTa HaKalUIMBAIM 3HAYMMO MEHbIIME KoiauuecTBa TM, uem
gyBcTBUTENbHBIE (1,2-2,5 pa3a MeHbmie st coimombl). Jlo3a 25 Mr/kr He mMmo3Boimia
yBepeHHO auddepeHIupoBaTh rpyIIibl COPTOB.
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Pucynok 1 — Bausinue Cd?* 50 Mr/Kr Ha pacTeHust sUMeHst
(A — cTpykTypa ypoxkas, b — conep:xkanne Cd?* B nagzemnoii 6momacce)

BoisiBneHHslii onuMopdu3M COPTOB SIUMEHS MO YCTOWYMBOCTH COXpaHsSETCsl Ha
NPOTSDKEHUM BCEH BEreTallud pPAacTEHUM M OTPaKaeTcd Ha YPOXKAWHOCTU U JAPYTHX
XO035UCTBEHHO-IIEHHBIX MpHu3HaKkax. CoOpaHHbIE JTAaHHBIE MO3BOJISIIOT OLEHUTH IOCIEACTBUS
TEXHOTCHHOI'0 3arps3HEHUs arpolEHO30B, OHU TIOJIE3HBI Ul 3a1ad CEJIEKIUU COPTOB
KyJIbTYyp, 0OJaJarollUX BbICOKOH ycToHuMBOCThIO K TM u jpaoomuM  06e30macHyro
IOPOAYKIMIO, a TaKKe MOTYT HAWTH NPUMEHEHHE IpH pa3pabOTKe METOA0JIOTUH OLEHKH
COCTOSIHMS M DKOJIOTMYECKOTO HOPMUPOBAHUS 3arPsA3HEHMS TIOYB TSKEIIBIMU METAJIJIAMHU.
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Assessment of the response of four spring barley varieties to the toxic effects of
cadmium according to physiological, biochemical and morphometric parameters
throughout the plant’s life cycle

Summary. At our previous laboratory experiments, it was found that different spring
barley varieties have some different reactions to the cadmium stress at the morphologic,
cytogenetic and biochemical levels of plants organization. Thus, the goal of the current work
was to assess the reliability of the previous results at full vegetation cycle of plant. The
experiment was carried out on the loamy soil with four contrasting at its reactions to the
cadmium barley varieties. Cadmium tolerant varieties demonstrated significantly higher values
of productivity (e.g. straw, in this case, weighted four times more) and had a less amounts of
Cd?" accumulated at tissues (1.2—2.5 times) in contrast to sensitive ones, which, in fact, gave no
harvest at Cd?*pollution at a rate of 50 mg/kg. The identified polymorphism of barley varieties
in terms of resistance is maintained throughout the plant’s life cycle.

Keywords: cadmium, soil pollution, barley, tolerant and sensitive varieties.
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MsiTa — 0JJHO U3 HauboJiee U3BECTHBIX FI(PUPOMACIUYHBIX U JICKAPCTBEHHBIX PacTEHU,
KOTOpPO€ aKTMBHO  MCIIOJIb3YeTCs B  IUILEBOM, Hap(OMEpHO-KOCMETHYECKOH U
(dapManeBTHYECKOW TMPOMBIIUIEHHOCTH. /{71  yCKOPEHHOTO  pa3MHOXKEHHS  IICHHBIX
TE€HOTUIIOB U COPTOB, IOJYyYEHHUS KAa4eCTBEHHOI'O MOCAJ0YHOrO0 MaTepuaia HeOOXOIHUMBI
3¢ deKTUBHBIE METOABl KIOHAJIBHOIO MHUKPOpPa3MHOXKEHHUs. Baxnelmmm Qaxktopom B
TEXHOJIOTUH KYJIbTUBUPOBAHMUs IN VItro siBsieTcs cocTaB MUTATEIbHOU cpebl. B muteparype
UMEIOTCSI BeCbMa MPOTHBOPEUUBBIE JJaHHbIE, KAacalolIHecs COCTaBa MUTATEIbHBIX Cpell JUls
OCHOBHBIX 3TAllOB MHUKPOPa3MHOKEHHUs IN VItro y pa3HbIX BUIOB U COPTOB MSTHI [ 1-3].

enb nanHON pabOThl — U3yUEHHUE BIMSHUS COCTaBa MUTATEIBLHOU Cpelbl HA pa3BUTHE
9KCIJIAHTOB Ha BTOPOM  JTamne€  KJIOHAJIbHOIO  MHUKPOPAa3MHOXKEHHS  MSTBl  JUIS
COBEPILICHCTBOBAHUSI METOJMKH Pa3MHOXKEHHUs iN Vitro.

MarepuanoM Ui UCCIIEOBAaHUI CIYXWIM TKaHU W opraHbl Mentha canadensis L.
cenekuonHoro obpasmna K59(4n). OtoT monumuionaHelii oOpasen MAThl XapaKTepu3yeTcs
BBICOKOHM MaCIMYHOCTBIO (MaccoBast 1011 a¢upHoro macia 7,09%) u comepxaHnueM MEHTOIa
B apupHOM Macie (10 80%) [4]. B xynbTypy In Vitro BBOAUIN MEPUCTEMBI C 2 JIUCTOBBIMU
npumopausimu. Ha BTOopom 3Tame (cOOCTBEHHO MMKpPOpPa3MHOXKEHHME) B KauyecTBe
HKCIUIAHTOB MCIOJIb30BAIM CETMEHTHI CTE0JISI ¢ OTHUM Y3JIOM, KOTOpBIE KyJIbTUBUPOBAIN Ha
nuTarenbHoil cpene Mypacure u Ckyra (MC) ¢ no6aenenuem kuHetnHa, BAII, UVK,
rud6epemioBoit kucnotel (['K3) m 2-3% caxapo3bl. B wucciemoBaHusX HCIONB30BATH
TpaJULIMOHHBIE METO/bI KYJIbTYPBI TKAHEH U OPTraHOB. DKCIUIAHTBI KYJIbTUBUPOBAIHN IIPH 24-
26 °C, oTHOCUTENIBHOUW BiaXHOCTH Bo3ayxa 70%, ocBemeHHOCTH 2-3 KIK ¢ 16-yacoBoM
¢oroneprogoM.  KoapduuueHT  pasMHOXKEHUS  pacCUMTHIBAIM  KaK  KOJIUYECTBO
MHUKPOYEPEHKOB, KOTOPOE€ MOXKHO MOJYYUTh 3a OJHO CYOKYJIbTHBHPOBAHHE, IJII ITOTO
KOJINYECTBO 00pa3yloluxcs Ha SKCIUIAHTE MOOErOB YMHOXKAJIM Ha YUCIIO y3JI0B Ha moOere.

[Ipn BBeneHHMHM MepHCTEM MSATHI B aCENTUYECKYIO KYJIbTYpy HaOJIoladul pa3BUTHE
OCHOBHOTO TMoO0Oera, a Takxke 2-5 MOMOJHHUTENbHBIX. JIJIS JaibHEHIIero pa3MHOXKEHUS
MIPOBOJIMIIM MHUKPOYEPEHKOBAHUE IMOOETOB, pa3/ienss MX Ha CErMEHThl CTeOJdsl ¢ OJHUM
y31oM. OJIHUM U3 OCHOBHBIX (AKTOPOB, JUMHUTUPYIOIIMX pPa3BUTHE SKCIJIAHTOB MpU
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