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Summary
The article presents the results of a study on the influence of auxin, light and explant type on the induction
of callus genesis by Robinia pseudoacacia L. Optimal auxin concentrations and the most suitable explant
for obtaining viable callus were determined
Abstract

Introduction. The use of selected material is an important condition for achieving high quality and amelio-
rative efficiency of protective forest plantations in agroforestry. The method of cultivation of isolated tissues
on artificial nutrient media under in vitro conditions is widely used in biotechnology. Development and opti-
mization of the processes of induction and obtaining morphogenic callus play an important role not only in
scientific research, but also in industrial crop production. Objects. Robinia pseudoacacia L. and two auxins
2,4-dichlorophenoxyacetic acid (2,4-D) and indole-3-acetic acid (IAA) were selected as the object of study.
Research methods. The study was carried out on the basis of FSC Agroecology RAS in the laboratory of
biotechnology. Segments of leaf, seedling, hypocotyl, and root were used as explants. Cultivation was car-
ried out for 4 weeks on Murashige and Scoog (MS) nutrient medium supplemented with auxins 2,4-D and
IAA in three different concentrations: 0.1 mg/l; 0.5 mg/l; 1 mg/l. To evaluate the effect of light conditions on
the induction of callusogenesis, half of the experimental samples were cultured in the dark, the other half
with a photoperiod of 16 hr. At the end of the cultivation period, morphological parameters (color, structure),
induction and average fresh weight of callus were evaluated. Results and conclusins. Based on the re-
sults of this study, it was found that R. pseudoacacia has a high capacity for callusogenesis, direct and indi-
rect morphogenesis, and callus induction has a direct correlation with auxin concentration. The results
showed that light is essential for callus formation and cultivation, darkening of callus tissue occurs faster
when cultured in the dark. Hypocotyl explants and auxin 2,4-D at a concentration of 0.5 mg/l are the most suit-
able for induction and obtaining callus tissue of loose and medium-dense structure for further multiplication.
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N3YYEHUE ®AKTOPOB, BINUAKOLWNX HA UHOYKUWUIO KAINJTYCOINEHE3A
Y ROBINIA PSEUDOACACIA L. B KYJIbTYPE IN VITRO

®omeHko H. I'., acnupaHm, mnadwul Hay4HbIl cOmMpPyOHUK
Xono6oga O. O., kaHOuGam buosioaudeckux Hayk, eeOyuul Hay4HbIlU compyOHUK

@IBHY «®edeparbHbili Hay4YHbIU UEeHMP agpo3Ko102uuU, KOMIIIEKCHbIX Meuopayull u 3aljumHo20
necopaseedeHusi Pocculickoli akademuu Hayk» (OHL aepoakonozuu PAH)
2. Boneoepad, Poccutickasi ®edepauyusi

UccnedoesaHusi npoeedeHbl 8 paMKax 8bINoJIHeHUs1 20cydapcmeeHHo20 3adaHuss HUP
®HL acpoakonozuu PAH Ne 122020100427-1 «Pa3pabomamb Hay4YHble OCHO8bI COXPaHeHUsi U
eocrnpou3eodcmea YeHHbIX 2eHOMunoe OpeeecHbIX U KycmapHUKO8bIX pacmeHul 8 Kynbmype in vitro»

AKTyaﬂbHOCTI:. I'IpmmeHeHVle OTCEeJNIEKTUPOBAHHOIoO Mmatepuarna aBideTCcA BaXHbIM ycrnoBnem ansa
AOCTUXXEeHNA BbICOKOro Ka4vectsa U MeJ'II/IOpaTI/IBHOVI S(b(beKTVIBHOCTM 3aLUMTHbIX NECHbIX HacaxaeHun B
arponiecomMmenunopauun. B 6uoTtexHonornm LLIMPOKO NUCNoJib3yeTCA MeToa KylbTUBUPOBAHUA N30JTIMPOBAHHbIX
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TKaAHEM Ha MCKYCCTBEHHbIX MUTaTENbHbBIX cpedax B ycrnoBusax in vitro. PaspaboTtka n ontumusaums npouec-
COB VMHAYKLIMWN M MOSTy4eHNs MOPOreHHOro Kanmyca UrpatoT BaXKHYH POSib HE TONbKO B HAYYHbIX UCCNeao-
BaHMAX, HO M B NPOMBbILLIIEHHOM pacTteHneBoacTBe. O6bLekTbl nccnegoBaHua. O6HLEKTOM UccrenoBaHMs
Obina BbliOpaHa PobuHus ncesgoakauus (Robinia  pseudoacacia L.) wn pgBa aykcnHa  2,4-
anxnopdeHoKcuykeycHas kucrnota (2,4-) v nHgon-3-ykcycHas kucnota (MYK). Metoabl uccnegoBaHuA.
MccnepoBaHne npoBoaunock Ha 6ase ®HL| arposkonorun PAH B nabopaTtopun 6uotexHonoruin. B kave-
CTBE 3KCMITAHTOB MCMOMb30BaNN CErMEHTbl NUCTA, CEMSOONEN, TMMOKOTUNSA, KOpHSA. KynbTuBMpoBaHue
OCYLLECTBNANU B TeyeHue 4-x Hefernb Ha nutatensHon cpefe Murashige n Scoog (MS) gononHeHHon ayk-
cuHamm 2,4-1 n YK B Tpex pasHbix kKoHueHTpauusax: 0,1 mr/n; 0,5 mr/n; 1 mr/n. Ona oueHkn BANSHMSA YCro-
BUA OCBELLEHMS Ha MHOYKUMIO KannycoreHesa NnofoBMHY 3KCMepMMeHTanbHbIX 06pasLioB KynbTMBUPOBaN
B TEMHOTE, BTOPYIO NMOMIOBMHY C dhoTonepuogom 16 yacos. o okoOHYaHUM Nepuofa KynbTUBMPOBaAHUSA oLe-
HMBanMcb Mopdosornyeckne nokasatenu (LBEeT, CTPYKTYpa), MHAYKUNS U CPELHUA CBEXMIW BEC Kannyca.
PesynbTatbl M BbiBOAbl. [10 pe3ynbTatam nNpoBEeLEHHOrO WUCCreAoBaHWs ObiNo YCTAHOBMEHO, 4TO
R. pseudoacacia 06nagaeT BbICOKON CMOCOBHOCTLIO K KarsycoreHesy, NpsiMoMy M HEMpPsSIMOMY MopdhoreHe-
3y, a TaKkKe NMHAYKUUS Kanmyca MMeeT NpsiMyro 3aBUCUMOCTb OT KOHLIEHTpaLMM aykcuHa. Pe3ynbTaTthl noka-
3anu, 4YtTo CBET Heobxoanm ana obpas3oBaHUs N KyNbTUBMPOBAHMSA Kanmyca, Npu KynbTUBMPOBaHUN B TEM-
HOTE MOTEMHEHME KannyCcHOM TKaHu npoucxoaut ObicTpee. [Ona nHAYKUMM U NONyYeHUs KanmyCHOW TKaHW
PbIXION 1 CPeAHENNIOTHOW CTPYKTYPbI C LIENbio AanbHENLero pasMHOXeHUa Hanbonee NOgXoaswumMmn aB-
NATCSA SKCMMAaHTbl TMNOKOTUNA U ayKCeuH 2,4-[1 B KoHUeHTpauun 0,5 mr/n.

Knrouesnble cnoea: kannyc, UHOyKUyus Kasnsnyca, akcrinaHmel, Robinia pseudoacacia L.

Lutnposanume. domenko H. I'., Xonobosa O. O. M3yueHne akTopoB, BANSIOLNX HA UHOYKLMIO Kanmnyco-
reHesa y Robinia pseudoacacia L. B kynbType in vitro. Mseecmusi HB AYK. 2024. 3(75). 185-194.
DOI: 10.32786/2071-9485-2024-03-21.

ABTOpCKMﬁ BKnaa. ABTOpr HacTosLlero mccrnegosaHua npuHMUMan HenocpeacTBeHHOe yyacTue B NJlaHUpOBaHUN,
BbIMOJSIHEHNN N aHanNM3e aHHOro nccnegoBaHnA.

KoHdnukT nHTepecoB. ABTOpbI 3asiBNSAOT 06 OTCYTCTBMM KOH(PNMKTA MHTEPECOB.

BeeaeHue. [1ns 60pbObl C ONyCcTbIHMBAHMEM M Aerpagaumen 3emenb ocoboe BHUMaHWe
yaenseTca NpUMEHEHMI0 3alMUTHBIX NECHbIX HacaxaeHun B arpocdpepe. Takne HacaxaeHus ur-
paloT BaXKHYIO pOSib B BOCCTAHOBIIEHMM MOYBLI 1 NOAABNEHMU NpoLeccoB 3po3umn. OHY CMOCOBHbI
yaepxusaTb Briary, npegoTepallaTb BbiMblBaHWE MMAOAOPOAHOMO Cros W 3awmuwatb No4vBy OT
NPSAMOro BO34ENCTBUS BETPA N CONTHEYHbIX JTyYen.

MpumeHeHne B arponecomenvopaumnmM oTCeneKTMpoBaHHOrO MaTepuana siBNsSeTcs BaXHbIM
ycrnoBveM Ans JOCTUXEHWUSI BbICOKOrO KayecTBa Y MenvmopaTMBHOM 3(peKTMBHOCTM 3alLUTHBIX Nec-
HbIX HacaxgeHu. Vcnonb3oBaHWe BGUOTEXHOMOMMYECKUX U CeNEeKLUMOHHO-reHEeTUYECKUX MEeTOO0B
Mo3BOMSAET YCKOPEHHO MoryyaTb BbICOKOKAYECTBEHHbLIN CEMEHHOM M NOCad0YHbIN MaTepuansl, Mno-
BblLLIATb YCTOMYMBOCTb AEPEBLEB K BpeanuTenam, bonesHam n abuotmndeckum cdakrtopam [1].

MeTop KynbTUBMPOBAHWUS U30NMPOBAHHBIX TKAHEW Ha UCKYCCTBEHHBIX NUTaTENbHbIX Cpedax B
yCroBusx in vitro LWIMPOKO npumeHsieTcs B BuoTexHonormn. OH Ucnonb3yeTca ONs COXPaHeHUs u
Pa3MHOXEeHWS LieHHbIX FeHOTUMOB, a TakkKe Ans cenekuum 1 03gopoBreHns nocagovHoro maTtepua-
na. PaspaboTka 1 onTumMmnsaunst METOAOB MHOYKLMMU U NONYyYeHUs MOPAOreHHOTo Karmyca BaXHb! He
TONbKO ANst HAay4HbIX UCCNEAOBaHWMIA, HO U NS NPOMbILLNEHHOrO pacTeHneBoacTBa [2].

Kannyc npegcrasnseT cobon MHTErpupoOBaHHY CUCTEMY, KOTopas MoxeT obpasoBbl-
BaTbCA OBYMSA MyTAMW: 3K30reHHO (B pesynbTaTe nponudepaumm NOBEPXHOCTHbIX KNETOK pas-
MNWYHBIX TKAHeW pacTUTENbHOro opraHn3mMa) 1 aHAOoreHHo (B rnybuHe aTux TkaHewn) [3]. KynbTypbl
KanmnyCHbIX TKaHen, NonyyYyeHHble U3 3KCNMaHTOB B YCMOBUSX in Vitro, MOryT BbICTYnaTb MOAenNb-
HbIMK OBbeKTaMM ANa N3yYeHMsa pasfnyHbIX acnekToB MopdoreHesa pacTteHui. Vicnonb3oBaHme
Taknux Mogeren no3BonseT U3yynuTb W OLeHUTb MopdoreHeTudeckue cobbiTus, KOTopble NPOUc-
XOOAT B KynbTUBMpPYeMbIX in vitro knetkax [4, 5]. Kpome Toro, KyrnbTypbl KanmyCHbIX TKaHEH MOX-
HO MCMonb30BaTh B Ka4eCcTBe MOAerbHbIX 0OBLEKTOB A8 NOyYeHUs NPOaYKTOB BTOPUYHOIO Me-
Tabonuama n cosgaHusa HOBbIX (POPM pacTeHUn, YCTOMYMBLIX K abnoTmyecknm n Gnotnyeckum
dhakTopam oKpyxatoen cpebl [6].

OpHako MHAYKUMA U nonyyeHue MOpPdOreHHOro Kanmnyca — JOCTaTOYHO CHOXHbIN Mpo-
uecc, TpebyoLwmnn TwaTenbHON ONTUMN3auny YCroBuin KynbTuBMpoBaHus. Heobxoammo y4uThl-
BaTb OCOBEHHOCTM KaOoro BuMAaa pacTeHW, onTUMarbHble KOHLEHTpauumM perynsaTopoB pocTa,
nuTaTernbHbIN COCTaB CpeAbl, a Tawkke Apyrne akTopbl, BAusoWMe Ha auddepeHumaumio un
passutue kannyca [2, 7, 8].
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Ha cerogHswHun geHb 6bINO NPOBEOEHO 3HAYUTENBHOE KONMMYECTBO MCCredoBaHWiA No
WHOYKUMM KansnycoreHesa y fieKapCTBEHHbIX U CENbCKOXO3SMCTBEHHbIX pacteHun [9, 10, 11]. U
HEeCMOTPS Ha TO YTO B NOCNeaHNe rofbl Hay4Hoe coobLLECTBO Bee Bonblue obpallaet BHUMaHWe
Ha BaXXHOCTb M3yYEHUs MPOLECCOB MHAYKLUMW KanmycoreHe3a Ha OpeBECHbIX PacTEHUAX, AaHHbIN
BOMPOC OCTaeTCsd HeJOCTaTOYHO UCCedOBaHHbIM.

Llenb nccnegosaHust — nsyvyeHme ocobeHHocTen kannycoobpasoBaHus in vitro y akcnnas-
TOB: KOpPEeHb, MMMNOKOTUMNb, CeEMAZONKU, NUCTbss Robinia pseudoacacia Ha nuTaTenbHbIX cpegax
pasnMYHOro ropMoHanbHOro CoCTaBa M YCrioBUA OCBELLIEHUS.

MaTtepuanbl n metoabl. iccrnegosaHue nposoaunock Ha 6ase ®HLL arpoakonorum PAH
B nabopatopun GuoTtexHonornn. B kavyectBe moaenbHoro obbvekta Obinia BbibpaHa PobuHus
ncespoakaunst (Robinia pseudoacacia L.) koTopas saBnsieTca ObICTpopacTylen necoobpasyto-
Len gpeeecHon nopogon, obnagaroLas BbICOKMMM NoKasaTensiMm 3acyXoyCcTOMYNMBOCTN U MOPO-
30CTOMKOCTM, a Takke MCNonb3yeTcs Ans CO34aHus BEeTPO3alUMTHLIX MOMOoC U YKpenneHus nec-
KoB [12].

MockonbKy ANs MHOYKUUWM KanmnycoreHesa HexenaterbHO WCMonb3oBaTb OOPEBECHEB-
wue, Nroxo nponudepupytowme n ¢ HA3KUM ypoBHeM MeTabonuama Tkauum [13, 14], npegsapu-
TenbHO ObINM NPOPOLLEHbI ceMeHa R. pseudoacacia B acenTU4EeCKUX YCNoBusaxX, YTobbl MONy4nTb
Hanbonee NPUroaHLIN MaTepuan Ansa NnpoBeAeHns nccrnegoBaHus.

Mepen BBegeHuem cemeHa ckapudumumMpoBanm KMNATKOM. [locrne MonHoro ocTbiBaHWUA
ceMsiH ObIn MCnonb3oBaH NocnefoBaTenbHbIN pexum ctepunusaumm: 30-MMHYTHaA NPOMbIBKA
CeMsiH B Ae3vHuLMpyoLemM MblbHOM pacteope, 1-MuHyTHas obpabotka 70% pacTBopom aTa-
Hona (C,HsOH), 15-muHyTHas Bolaepxka B 10% pactBope nepekucu sogopoga (H,0,). Ctepu-
nmnsaumnio pacTMTeNLHOro Matepmana npoBOAMNKM B YCNOBUAX NamMuHap-bokca ¢ nocneaytoLlen
LIECTUKPATHOMN MPOMBIBKON CTEPUMbHOW AUCTUNNMPOBaHHOW BoAoW. [lpocTepunmsoBaHHble Y
NPOMbITblE CEMEHA nomeLLany B 6aHOYKM C NUTATENBHON Cpeaon.

MuTaTenbHble cpeapl rotoBmnKn no npotokony Murashige n Scoog (MS) [13], B kayecTBe 3k-
30r€HHbIX  perynaTtopoB pocta Hamu ObinM  BbiOpaHbl fgBa TuMna  aykcuHoB: 2,4-
anxnopdgeHokenykcycHasa kucnota (2,4-[1) n nHpon-3-ykcycHasa kucnota (UMYK) B Tpex pasHbix
KoHueHTpauusx: 0,1 mr/n; 0,5 mr/n; 1 mr/n.

B kayecTBe SKCNNaHTOB MCMOMNb30BanM CErMeHTbl NICTa, CeMAnoNen, rMnoKoTUNs, Kop-
HA. [1na aToro B ycnosusix namumHap-6okca BEMB-T1-«JlamuHap-C»-1,2 npn NOMOLLN CTEPUITBbHBIX
ckanbnensa v nuHUeTa oTAEeNnsanyM 4YacTu acenTMYecKW BblIpalleHHbIX pacTeHUMA M Hapesanu Ha
dparmeHTbl AniMHon npumepHo 0,5-1 cMm. ockonbKy AOCTAaTOYHO BaXHbIM (pakTopoM Ans nosy-
YeHUN NepPBUYHOrO Kansyca SBnseTcs MexaHnyeckoe noBpexaeHue TKaHen akcnnaHTa [15, 16],
Jenanun Hace4vku (MopaHeHus1) No BCEeW MOBEPXHOCTU IKCMNMAHTOB U NOMeLLany Nx B CTEPUNbHYIO
yaluky NeTpu ¢ nuTaTenbHOM cpenon.

KynbTuBmMpoBaHue npoBOAMM B TeuyeHue 4-X Hedenb Npu NOCTOSHHOW Temnepatype
25°C 1 ocBeLLeHHOCTU 70 MKMOnNb/C/M? B KNMMMaTU4YecKoil kamepe pocta pacteHuit TPL-500
(Testa, Poccus). [Anga oueHKn BANSHUA YCIOBUA OCBELLEHMS Ha UHAOYKLUMIO KannycoreHesa, nono-
BUHY 3KCMepuMeHTarnbHbiX 06pasLoB KynbTUBMPOBanu B TEMHOTE, BTOPYHO MOMOBUHY C dhoTone-
puogom 16 yacos. ViccnegosaHue Obinio NpoBegeHO B TPEXKPATHOM NOBTOPHOCTM.

Mo 3aBepLueHUN nepmnoaa KynbTMBUPOBAHUSA OLlEeHMBaNNCb Mopdhonornyeckme nokasate-
nn (UBET, CTPYKTYpA), MHOYKLUMS U CPEOHWUI CBEXUI BEC Kannyca.

Wnaykumio kannyca (UK) paccumTeiBanu no coopmyne [171:
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KOJI — BO KaJlJIyCca HHAYIHMPOBAHHOE 3KCIIJIAHTAMHU 100%
= * (o]

06mee KOJI — BO HHOKYJIMPOBAHHBIX 3KCIIJIAHTOB

Mony4eHHble AaHHbIE MO NPUPOCTY MAacchl kanmnyca ctaTuctuyeckn obpabateiBanu ¢ mc-
nonb3oBaHnem nporpammbl StatSoft Inc. (USA). CpaBHeHue rpynn no KonmyecTBEHHOMY Mokasa-
TENK NPOBOAUNUCH C MOMOLLBIO KpuTepust Thiokn. MNMonyvyeHHble JaHHble NpeacTaBneHbl B BUae
cpegHen apndMeTMYECKon ¢ y4eTOM OownbKn cpegHero. CTaTUCTUYECKN 3HAYUMbIMU CYMTANUCh
pasnunuua npu p<0,05. MNMocTpoeHne anarpamm OCyLLECTBNAMNOCH C UCMOMBb30BaHNEM NakeTa Npo-
rpammbl Microsoft Excel.
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PesynbTaTtbl M 06cyxaeHne. B pesynbTaTe npoBegeHHOro nccneaoBaHms 6bino nayye-
HO BNUSAHME Pa3fMYHbIX KOHUEHTpauun aykcmHoB (2,4-[1, UYK) n ycnoBui oceeleHna Ha ad-
(PEKTUBHOCTb UHAYKLUN Karnnycoobpa3oBaHNsi HA YeTbIpeX TUMax SKCMMaHTOB — KOPEHb, MMMOKO-
TWUNb, CEMAZ0NA U NUCT.

AHanM3 nony4veHHbIX AaHHbIX MoKasan, YTo Bce 4 Tuna aKcnnaHTa obnagatoT cnocobHo-
CTbIO K kannycoobpasoBaHuto. beina yctaHoBneHa npsimasi 3aBMCMMOCTb MHOYKUMU Kanycoobpa-
30BaHNs OT KOHLEHTpauuMu aykcuHa. Ha nuTatenbHbIX cpefax, coaepalle B CBOEM COCTaBe
NYK Habnoganock NoBbileHME MPOUEHTa MHAYKUMK KannycoreHesa npu yBENUYEHUN KOHLIEH-
Tpauumn aykcuHa. MakcmmanbHble nokasateny oMKCMpoBanucb Ha KoHUeHTpauusax 0,5 n 1 mriny
9KCMMAHTOB KOPHA M MMNOKOTUNA. Ha cemsgonbHbIX 3KCMMaHTax WHAYKUUSA MONHOCTbIO OTCYT-
CTBOBara Ha BCeX TpeX KOHLEeHTpauusX, y IMCTOBbLIX 3KCMAHTOB He3Ha4YUTENbHbIE 06pa3oBaHus
Kannyca pmMkcupoBanucb TOSMbKO Yy 00pasLOoB, KyNbTUBMPYEMbIX B TEMHOTE Ha KOHLIEHTpaLUsX
0,5n 1 mr/n (27,8% n 39,2% COOTBETCTBEHHO). AHANOrM4YHoe pesynbTaThbl UCCNeaoBaHUN Obinu
nonyyeHol y Arachis hypogaea L. [18] n Guizotia abyssinica Cass. [19] roe aBTopbl Takke oTMe-
Yanu OTCYTCTBME KamnsycoreHesa Ha 3KChfaHTax CemMsaaonM U nucta Npu KyrnbTUBMPOBaHME Ha
cpene MS copepxawien NYK.

Ha nutaTtenbHbIX cpegax ¢ aykcuHom 2,4-[1 obpasoBaHue kannyca omMKCupoBanocb Ha
BCEX UcCcCreayeMblX dKCMnaHTax, HammeHbwnin npoueHT UK Habnogancsa npy KOHUEHTpauum
0,1 Mr/n y aKcnnaHToB cemMsaaonM KynbTuBupyembix Kak npu ceete (33,3%) Tak U B TeMHoTe
(11,1%). Tarke HeBbicOKMI Noka3atenb MK Obin 3admkcMpoBaH Ha NUCTOBbLIX 3KCMMaHTax npwm
ceBeTe u coctasun 22,2%. Bo Bcex ocTanbHbIX Criydyasx MHOYKUMS kannycoobpasoBaHus bbina
Bblcokas — oT 72,5 go 100% (Tabnuua 1). 3ddheKTUBHOCTL NPUMEHEHUS ayKcuHa 2,4-[ onsa uH-
OyKummn KannycoHeresa 6bina Takke nogresepxaeHa y Gazania rigens L. [20], Artemisia annua L.
[21] v Nerium oleander L. [22].
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Tabnuua 1 — MHgykuma kannycoobpasoBaHus y R. pseudoacacia B 3aBUCUMOCTI OT TUMNA 3KCMaHTa,
ayKCuHa 1 ycroBun oceelleHns, %
Table 1 — Induction of callus formation in R. pseudoacacia depending on the type of explant,
auxin and light, %

Mnokotune /
M/ KopeHb / Root Hypocoty Cemsagons / Cotyledon Inct / Leaf
mg/l . ™. / . ™. / . ™. / . ™./ dark-
cB. / light darkness | ©& / light darkness | ©& / light darkness | €& / light ness
2,4-1
0,1 [89,2+10,8 | 86,2+9,8 100+0 87,248,3 | 33,3%4,7 11,1271 | 22,2411,1 | 72,5+14,6
0,5 1000 1000 100+0 1000 89,2+10,8 | 78,4+10,8 | 78,4+11,7 | 75,4+10,8
1 1000 1000 100+0 1000 89,2+10,8 1000 83,8+12,2 | 89,2+10,8
NyK
0,1 |55,5¢22,2 | 57,5+21,5 | 57,8+13,8 | 62,5+14,6 0 0 0 0
0,5 | 67£13,2 | 84,2+10,8 | 78,4+11,2 | 78,4+10,8 0 0 0 27,8+14,7
1 |78,4+10,8 1000 89,2+7,8 | 83,3+16,7 0 0 0 39,2420,2

YcnoBHble 0603Ha4YeHns: cB. — CBeT; TM. — TeMHoTa / Legend: cB. — light; Tm.-darkness.

BbINno yctaHOBEHO, YTO MPUPOCT MaccChl Kannyca 3asBucen oT Buaa ayKCuMHa U ero KOoH-
LeHTpaumun, a Takke OT Tuna akcnnaHTa (pucyHok 1). MNMpsAMOn 3aBUCUMOCTU BRMSIHUSA YCIOBWUIA
KyNbTUBUPOBaHNS YCTAHOBMNEHO He Bbino, Ha OAHUX 3KCMNaHTax NPUPOCT MAacChl KanmycHoOn Tka-
HK 6bIn BornbLue NPy KyNbTUBUPOBaHUN B TEMHOTE, Ha APYruX Npu cBeTe.

Haunbonblwee HapacTaHne macchl Kannyca Habnoganocb Ha aKCnNaHTax KOpPHA U ru-
NMOKOTMNSA B NPUCYTCTBMM aykcuHa 2,4-[ (0,5 n 1 mr/n). MNMpu KyNnbTUBMPOBaHUW Ha NUTaTenb-
HOM cpefe C yKasaHHbIMU KOHLUEHTpaumaMu aykcMHa u oceelleHuns 16 yacoB 6bin 3adomkeu-
poBaH HaMbonbLUMIA CBEXWW BEC Kansfyca KOPHEeBOro 3KCnnaHTa, KoTopbii coctasun 1,16 u
0,86 r cooTBeTCTBEHHO. Ha akcnnaHTax runokoTunga Habnganack obpaTHas cuTyaumns: Mak-
cumankeHaa macca kannyca 6bbina 3adukcupoBaHa npu KynbTMBUPOBAHUM B TEMHOTE NpuU Tex
e KOHUeHTpauunax aykcuHa 2,4-0 n coctasuna 1,28 n 1,29 r cooTBETCTBEHHO.
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PucyHok 1 — lNpupocTt maccel kannyca Ha akcnnaHTax R. pseudoacacia, B 3aBUCUMOCTM OT ayKCuHa
W yCrnoBUI KynbTUBUPOBaHUS. PasHble CTpouHble BykBbI (a-C) NoKa3biBatOT CTAaTUCTUHECKM 3HAYUMblE
pasnnuung (p < 0,05)

Figure 1 — Increase in callus weight on R. pseudoacacia explants, depending on auxin and cultivation
conditions. Different lowercase letters (a-c) show statistically significant differences (p < 0,05)

[o6asneHne B nutatenbHyto cpeay aykcuHos 2,4-[1 0,1 mr/n n YK 0,1; 0,5 n 1 mr/n
He OKasano CyLLeCTBEHHOro BfUSIHUS Ha NPUPOCT MacChl Kansyca 3KCMAaHTOB KOPHSA U rMno-
koTunsa. CpeaHuii NpupocT Bromacchl KanmycHbIX KynbTyp BapbupoBancs B npegenax ot 0,09
0o 0,48r.

Ha cemagonbHbIX 1 NMCTOBBIX 3KCMIaHTax oTMevyanack He3HauMTenbHas buomacca Kan-
nyca Ha BCex uccriegyemblx cpegax. MakcumanbHble nokasatenu 6binv 3admkcMpoBaHbl Mpu
KyNbTUBMPOBAHUN B TEMHOTE Ha NUTaTenbHON cpeae ¢ aykcuHom 2,4-[ 1 mr/n n coctasmnun 0,41
n 0,69 r cooTBETCTBEHHO. AHanornyHble pesynbTaThl 6biM OTMEYEHbl Ha NIMCTOBbLIX 3KCNIaHTax
Citrus grandis Osbeck [23].

OueHka Mopdonormyecknx ocobeHHocTen obpasoBaBLIErocs kasnnyca npoBoaunach
Ha 28-30 geHb uccnepoBaHus. B npouecce KynbTMBUPOBAHUA ObINM MOMYYEHbl KanmycHble
TKaHW, OTNMYaBLUMECA MO OKpacke W CTpykType. [NpoBeaeHHOe nccnegoBaHMe MNO3BONMMO
YCTaHOBMUTb, YTO MPOLIECC MOTEMHEHMWS KanmnyCHbIX KynbTyp NPy UX KYNbTUBUPOBAHUN B TEM-
HOTE MPOUCXOAUT 3HAYMTENBHO ObICTPEe NO CpaBHEHUIO C obpasuamu, BbipaliMBaeMbiMn B
npucyTcTBue cBeTa.

Tarke ObINo BbIABNEHO, YTO HAa MOPMOIOTMYECKYHO CTPYKTYPY Kannyca BrUSIET KOHLEH-
Tpaums aykcuHa. Ha nutaTenbHbIX cpegax ¢ HU3KOW KoHueHTpaumen aykcmHos (0,1 mr/n) kannyc
ObIN NAOTHBIM M CpeaHen NNOTHOCTM (PUCYHOK 2 a, d), C NOBbIWEHWEM KOHLEHTpaL MM ayKCUHOB
no 0,5 mr/n kannycHas TkaHb CTaHoBuacb Gornee pbixfion (pMCyHOK 2 b), npyn 3TOM Ha nuTa-
TenbHbIX cpegax ¢ YK kannyc 6bin 6omnee TeMHbIM MO CpaBHEHUIO C ApyrMMu obpasuamu (pu-
CYHOK 2 e). [Npn camow BbICOKOW KOHLIEHTpaumn aykCcuHOB (1 Mr/n) oTMevanach cunbHas 06Boa-
HEHHOCTb M PbIXMOCTb KaniaycHON TkaHW (PUCYHOK 2 ¢, f). 3aKOHOMEPHOCTb BIIMSAHWSA KOHLUEHTpa-
LMK FOPMOHOB poOCTa Ha CTPYKTYpY Kansyca Takke bbina oTMeyeHa B uccregoBaHuax y Actinidia
deliciosa Chev. [24] v Citrus grandis Osbeck [4].
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PucyHok 2 — KannycHble kynbTypbl R. pseudoacacia B 3aBUCUMOCTU OT KOHLEHTPaLUN ayKCUHOB:
a-2,4-00,1wmr/n;b-2,4-00,5wmr/n;c—2,4-0 1 mr/n; d — NYK 0,1 mr/n; e — YK 0,5 mr/n; f — YK 1 mr/n
Figure 2 — Callus cultures of R. pseudoacacia depending on the concentration of auxins:
a—2,4-D 0,1 mg/l; b-2,4-D 0,5 mg/l; c —2,4-D 1 mg/l; d —IAA 0,1 mg/l; e — IAA 0,5 mg/l; f — IAA 1 mg/I

MoapobHOe onncaHne oKpacku U CTPYKTYpPbl KanmycHbIX KynbTyp R. pseudoacacia B 3a-

BMCMMOCTM OT TMNa 3KCMMaHTa M ayKCUHA, a TakkKe MPOLEHT MOKPbITUA 3KCMMAHTOB KassycoMm
npegcTaBneHbl B Tabnuue 2.

Tabnuua 2 — Mopdonormyeckne oco6eHHOCTM KanmnycHbIX KynbTyp R. pseudoacacia B 3aBUCMMOCTM TUNa
3KCMIaHTa 1 aykcuHa
Table 2 — Morphological features of callus cultures of R. pseudoacacia depending on the type of explant

and auxin
Achv_lH / mr/n / SkennawT / explant OKpaCKg N CTPYKTYpa KarnnycHowm TKaHm /
auxin mg/l Coloration and structure of callus tissue
1 2 3 4
KOpeHb‘P/ Root** CBeTno-KopnyHeBbIW, NIOTHbIN / Light brqwn, dense
FunokoTAs? / Hypokotyl4 CBeTno-KopnyHeBbIW, Cp. NroTHocTn™* / Light brown,
0,1 C 1 average density**
emsagons / Cotyledon E . ; .
Nuct? Leaf eblid, Cp. NNOTHOCTM /Wh!te, average dens!ty
Benbii, cp. nnotHoctn / White, average density
Bexesbin, cp. nnoTHocTu / Beige, average density
KopeHb* / Root** BexeBblit, pbixnbiii / Beige, loose
2,4-1 05 Mmnokotunb'/ Hypokotyl* CeeTno-6exeBbin, Cp. MAOTHOCTK /
’ Cewmsigonsi® / Cotyledon Light beige, average density
Nuct'/ Leaf CeeTno-6exeBbin, cp. nnoTHocTK / Light beige,
average density
KopeHb* / Root** CeeTrno-6exeBbii, pbixbiii / Light beige, loose
1 MmnokoTtunb'/ Hypokotyl* Benwbii, poixnbi / White, loose
Cemsapons'/ Cotyledon Benbii, poixnein / White, loose
Nuct® / Leaf Benwbi, poixnbii / White, loose
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OkoH4aHune Tabnuubl 2

1 2 3 4
KOpeHb1/ Root™ CBeTno-KopuyHeBbIN, NOTHbIN / Light brown, dense
FanokoTnAe/ Hypokotyl2 CBeTno-KOpU4HEBbIN, CP. NNOTHBIN /
0,1 CeMﬂJJ,OJ'IFlO/ Cotyledon Light brown, cf. dense
Mvct’/ Leaf Kannyc He obpasoBancs / Callus did not form
Kannyc He obpasoarncs / Callus did not form
KopeHb®/ Root™ CBeTJ‘IO-K.Opl/ILIHeBbIVI, cp. nnoTHocTu /
YK / IAC MmnokoTtunb’/ Hypokotyl® . Lignt brown, cf. dense .
0,5 Cemsnonsi% Cotyledon Bexesbinn, cp. nnoTHocTK / Beige, average density
Nuer! Kannyc He obpasoBancs / Callus did not form
ncr / Leaf N MR
CBeTno-kopu4HeBbIn, pbixnbiv / Light brown, loose
KopeHb' / Root1* Bexesbinn, cp. nnoTHocTw / Beige, average density
1 Munokotunb?/ Hypokotyl? | BexeBblit, cp. nnoTHocTu / Beige, average density
Cemspons’/ Cotyledon Kannyc He obpa3soBarcs / Callus did not form
Nuct'/ Leaf Bexesbin, pbixnbin / Beige, loose

MpumeyaHue: *nokpbiTve akcnnaHToB kannycom: 0 — 0%, 1 — 25%, 2 — 50%, 3 — 75%, 4 — 100%.
**CpepgHent nnotHocTh / Note: *Callus coverage of explants: 0 — 0%, 1 — 25%, 2 — 50%, 3 — 75%, 4 — 100%.
**Medium density

1cm

PucyHok 3 — PereHepauus Ha akcnnaHtax R. pseudoacacia: a — pereHepauusi noberos n3 kannyca Ha
akcnnaHTe runokotuns (2,4-0 0,1 mr/n); b — pusoreHes n3 kannyca Ha akcnnaHTe cemagons (2,4-0 0,1 mr/n);
¢, d — pereHepaumsa NobGeros 1 KOpHeEN M3 Kannyca Ha akcnnadTax runokotnns (2,4-0 0,5 mr/n n YK 0,5 mr/n

COOTBETCTBEHHO); €, f — Nnpsimasi pereHepauusi noderoB n3 kopHeBbix akcnnaHTos (MYK 0,1 u 0,5 mr/n)

Figure 3 — Regeneration on explants of R. pseudoacacia: a — regeneration of shoots from callus on a
hypocotyl explant (2,4-D 0,1 mg/l); b — rhizogenesis from callus on a cotyledon explant (2,4-D 0,1 mg/l);
¢, d — regeneration of shoots and roots from callus on hypocotyl explants (2,4-D 0,5 mg/l and IAA 0,5 mg/I,
respectively); e, f — direct regeneration of shoots from root explants (IAA 0,1 and 0,5 mg/l, respectively)

Ha nutaTtenbHbIX cpegax ¢ aykcuHamu 2,4-[1 B koHueHTpauusx 0,1 n 0,5 mr/in n YK 0,5
Mr/n Habngancs npamon n Henpamon MmopdoreHes. B npucytcteum 2,4-[1 0,1 mr/n Ha akcnnaH-
Tax rMNOKOTUNA OTMeYarnacb akTMBHas pereHepaumsi noberos (pPUCYHOK 3 a), Y CEMSAOONbHbIX
3KCnnaHToB Habnwganca pusoreHes (pucyHok 3 b). INMpu yBenMyYeHnn KOHUEHTpaunm aykCUHOB
0o 0,5 Mr/n Ha rMnoKOTUMbHBLIX 3KCMNaHTax NpoMcxoanna ogHOBpeMeHHas pereHepaums noberos
n kopHen (pucyHok 3 ¢, d). Ha cambix BbICOKMX KOHLEeHTpaumsax (1 mr/n) aykcuHos 2,4-[0, n YK
pereHepupytoLLero kannyca obHapyxeHo He 6bino. B npucytctBumn aykcmHa MYK 0,1 mr/n un 1
Mr/n, oTMe4yanacbh npsimas pereHepaumsa noberos Ha KOpHEBbIX 3KCNaHTax (pucyHok 3 e, f).
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3akntoyeHme. [lo pesynbTataMm NpPOBEAEHHbIX WCCreoBaHWWA OblNO yCTAHOBNEHO, YTO
R. pseudoacacia obnagaeTt cnocobHOCTLIO K KanmycoreHesy, NpsiMoMy U HEMPSMOMY MOpPdOreHesy.
Kpome Toro, Ob1n10 yCTaHOBMNEHO, YTO KOHLEHTPaLUs aykCcMHa M TUMN 3KCMfaHTa OKasblBalT BAUSHUE
Ha MHOYKUMWIO Kannyca, CTPYKTYpY M NPUPOCT Macchl KanmycHOW TkaHW. Takke Oblfio OTMEYEHO, YTO
npuv KyNbTUBMPOBaHUN B TEMHOTE MPOUCXOAMT BbICTPOE NOTEMHEHUE KaNTYCHOM TKaHMW.

B cooTBeTCTBMM C MONYYEHHbIMU pe3ynbTaTaMu Ons KannycoreHesa R. pseudoacacia
HaWMy4LWMM 3KCMAHTOM SIBNSETCA MMOKOTUIMb, TaK KakK MpU MCMOMb30BaHWM OAHHOrO 3KCMnaHTa Ha
BCEX KOHLIEHTpauMsaX uccnegyembiX ayKCUHOB Oblil OTMEYEH BbICOKMI MPOLEHT UHAYKLMW, KOTOPLINA
konebnetcsa ot 55,5% po 100%.

Kannycsl, nHayuupoBaHHble aykcuHom UYK, nposaBnsanu HU3KuMM ypoBeHb MopdoreHesa, OHu
nmenu Tarke HebonbLUION NPUPOCT KaryCHON MaccChbl U YNIIOTHEHHYO CTPYKTYPY MPU HU3KMX KOHLIEH-
Tpaumsx. MakcmanbHbIA NPUPOCT KarniyCcHOW TKaHW OTMEeYarics Ha nuTaTenbHbIX cpedax C ayKCMHOM
2,4-[1 B koHUeHTpaumax 0,5 n 1 mr/n. CTpykTypa kannyca npu ncnonb3osaHum 2,4-[1 B KOHLEHTpauuu
0,1 Mr/n 6bina 4OCTAaTOYHO MIOTHOW, B TO BPEMS Kak NpWU KOHUEHTpaumm 1 Mr/n oHa 6bina pbIXnon, HO
oYeHb 06BOOHEHHON. Vicxoast 3 aToro Anst HapalwmBaHWs KanmycHOW TKaHW CPeaHENsIOTHOM U PbIXIION
CTPYKTYpbl C Lenblo pasMHOXEHUS pekoMmeHayeTcs mcnonb3osatb 2,4-[1 B koHueHTpauuun 0,5 mr/n n
3KCMMaHT rMNoKOTUNS.

Conclusions. Based on the results of these studies, R. pseudoacacia was found to be capa-
ble of callusogenesis, direct and indirect morphogenesis. In addition, auxin concentration and explant
type were found to influence callus induction, structure and mass gain of callus tissue. It was also ob-
served that rapid darkening of callus tissue occurred when cultured in the dark.

According to the results obtained, the best explant for callusogenesis of R. pseudoacacia is
the hypocotyl, because when using this explant at all concentrations of auxins tested, a high percent-
age of induction was observed, which ranged from 55.5% to 100%.

Callus induced by auxin IAA showed a low level of morphogenesis, they also had low callus growth
and compacted structure at low concentrations. Maximum growth of callus tissue was observed on nutrient
media with auxin 2,4-D at concentrations of 0.5 and 1 mg/l. The callus structure when 2,4-D was used at a
concentration of 0.1 mg/l was quite dense, whereas at a concentration of 1 mg/l it was loose but very wa-
tered. On this basis, it is recommended to use 2,4-D at a concentration of 0.5 mg/l and a hypocotyl explant
to develop callus tissue with a medium dense and loose structure for propagation purposes.
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Summary
Existing structures of retaining structures retain a large amount of sediment and debris, various algae at
their threshold, this leads to a negative impact on the quality of irrigation water, the normal operation of
pumping stations and irrigation equipment, consequently, on productivity. All of these reasons made it nec-
essary to develop water retaining structures to improve the operation of pumping stations and increase the
efficiency of irrigation systems. The passage of sediment through water retaining structures was studied in
the Hydraulics Department laboratory of KubGAU on a glass tray. The percentage of sand that passed
through polygonal weirs for the upper slope was calculated — 0; 1:1 and 2:1 and the angles of the side walls
to its axis a =30°, 45°, 60° and the classic weir 90°. The results of the experiments showed that the maxi-
mum percentage of sediment passage was established on a polygonal weir of a practical profile with a 2:1
upper slope and at an angle of the side walls of the weir to its axis of 30°.
Abstract

Introduction. Been studied the passage of sediments through water retention structures (polygonal weirs) for an-
gles of 30°, 45° and 60° for the side walls of the weir and a comparison of the results with each other and the
classical weir (a= 90°) when laying the upper slope was 0; 1:1 and 2:1, according to the choice of the best model
among the studied models that ensure maximum passage of sediment through the weir, protection of reclama-
tion intakes from sediment while ensuring uninterrupted water consumption for irrigation systems and also im-
proving irrigation water by passing sediment through the weir. Materials and methods. The passage of sediment
through water retaining structures was studied in the Hydraulics Department laboratory of KubGAU on a glass
tray 4.4 m long; 0.17 m wide; 0.3 m high. Polygonal and classical practical weir were made of gypsum material
with angles 30°, 45°, 60° and 90° of the side walls of the weir. The upstream slope weir was 0; 1:1 and 2:1, and
the laying of the lower slope was constant in all experiments — 1:2. Experiments were under the following condi-
tions: The water flow rate Q was in the range of (0.58.10°-9.94.10®) m?/s, the diameter of the sediment particles
was 0.1-0.25 mm, the pressure above the weir varied from h=1.3.107 to 7.3.102 m, and average water flow ve-
locity were in the range from 0.041 to 0.409 m/s. Results and conclusion. Experimental studies of the passage of
sediment through water retaining structure show that for all studied weirs, the average percentage of sand pass-
ing through a polygonal weir of a practical profile for the angles of the side walls a = 30°, 45° and 60° is 65.46%,
45.84% and 40.0% higher, respectively, compared with the classical one weir (a=90°). Based on experimental
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