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Huceprariist Ha 3100yTTs HAYKOBOTO CTYIIEHS JOKTOpa (histocodii 3a creriagbHICTIO
201 — arponowmis. — [lonTaBchbKUM JepkaBHMM arpapHuil yHiBepcutet, [lonTasa,
2023.

B nmwucepramiiiniii  poOOTI MpeNCTaBICHO Y3araJlbHEHHS CBITOBOTO Ta
BITYM3HSIHOIO JOCBIAY IHTPOAYLIMHUX JOCHIIKE€Hb, O10JIOT1i Ta BUPOILLYBaHHS
npeacTaBHUKIB poxy ManeBa (Malvaceae); waBeaeHi pe3yiabTaTH BJIACHHX
JIOCITIJIKEHb arpoeKOoJIOTIYHOT OI[IHKK OKpeMuX BujiB pony ManbBa (Malvaceae)
II0JI0 MPUAATHOCTI I1X BHUPOIIYBaHHA B YMOBaxX YKpaiHM Ha MiACTaBl
MPOTHOCTUYHUX MOJIEJICH; OI[IHEHO MOCIBHI SIKOCT1 HACIHHSI Ta MTPOBEJACHO BUBUEHHS
peryisiii mepioay CIOKOI; IMPOBEACHI TOCITIKEHHS MPOJYKTHBHOCTI MajbBH
micoBoi (Malva sylvestris L.) 3anexxHo Bi cXeM pO3MIIICHHS, Ha OCHOBI
pO3paxyHKIB MaTEeMaTUYHUX MoJeNiedl OOTPYHTOBAHO CIOCOOM BUPOIIYBaHHS
KyJIbTYpPH JIJII OTPUMaHHS MaKCHUMAJIBHOTO BPOYKAl0 CHPOBUHM JUIS JIKAPCHKHUX 1
XapyoBUX MOTPED.

O0’exkTOM JOCTIKEHHS € mpeacTaBHuku poay Malva npupoanoi diopu
Ykpainu Ta iIHTpOAYKOBaHI BHIIH, SIKi € IEPCIIEKTHBHUMHU JIJIs1 BUPOIITYBAaHHS 32 YMOB
Jlicocteny VYkpainu. [IpeameTom BHBYEHHS € arpo0iOJIOTI4YHI 3aKOHOMIPHOCTI
BIUIMBY AarpoKJIIMAaTHYHUX, IPYHTOBUX PEXKHUMIB Ta arpoTeXHIYHUX YMOB
BUPOIIYBaHHsI HA arpOeKOJIOTIYHUI CTaH Ta MPOAYKTUBHICTh pociuH poay Malva.

OCHOBOIO JHCEPTAIIMHOrO JOCIIDKCHHS € HEOOXITHICTh BJIOCKOHAJICHHS
arpoTEXHOJOTTYHUX AOCTIIKeHb B 3B 43Ky 3 THUM, IO (piToMaca Ta KBITKH (SK
CUPOBHMHA) POCIMH BHUKOPHUCTOBYIOTHCS B YChOMY CBITI B (papmarlii, HapoJHii Ta
JTIOKA30B1M MEIUIIMHI, XapYOBUX TEXHOJIOTISIX, Y KOCMETHIll, O10TEXHOJIOTI Ta SK
€JIEMEHT Y CUCTEMI BUPOIILYBaHHS 010€HEPTe€TUYHUX KYJIBTYD.

MansBU € JOCUTh €KOJIOTIYHO TIUIACTUYHUMH, IO TOSCHIOE 3HAYHE

reorpadivyHe MomupeHHs 0araTboX MPeJICTaBHUKIB I1€1 poAuHU. TaKkokK €KoJIorivyHa



IUTACTUYHICTh € MPUYMHOIO X 3HAYHOI HEBUMOTJHMBOCTI JI0 YMOB BHPOIIYBaHHS,
TOMY ITUTaHHS arpOTEXHOJIOT1] BUPOIIYBaHHS I€] KyJIbTypH paHillle He BUKIUKAJIO
3HAYHOTO HAyKOBOTo iHTepecy. CopToBe PI3HOMAHITTS MPEACTAaBICHE TUIBKH Y
BITHOILIEHH] JEKOpaTHMBHUX (OpM IUX POCIAUH.  3aCTOCYBaHHS MajbBU Y
CUIbCBKOMY TOCHOAApCTBl JUIsi BUPOOHHUIITBA Taly3€BOi CHUPOBHHHM BHUMAaraTu
CTBOPEHHS COPTIB, K1 OyAyTh 37aTHI 3aI0BIIbHUTHA BUCOKI TEXHOJIOT1YHI BUMOTH.

Taxox MUTAHHS NEPCTIEKTUBH BITPOBAIKCHHS MaJibB y
CUIBCHKOTOCTIOAAPChKE BUPOOHUIITBO TICHO MOB’si3aHE 3 MPOOJIEMOI0 TII00ATBHUX
3MiH KIIMaTy sK (akTopy AMHAMIKH arpOTE€XHOJOTIYHUX YMOB BHUPOIILYBaHHS
CLIBCBKOTOCTIONAPCHKUX KYJIbTYp. TeHAeHIli MOTeIUTiHHS € BHU3HAHUM TPEHIIOM
3MIH KJIIMaTy, 1110 Tpeba BpaxOBYBaTH ISl CTPATETIYHOIO IUIAHYBAaHHS arpapHOTro
BUPOOHUIITBA. 3BUYANHUM IT1JIXOJ0M € MOJICTIOBaHHSA IJ100aIbHUX 3MiH KJIIMaTy 3a
pi3HUMHU cueHapisiMu. Mojeni, SiKki € OpUWHATHUMHU ISl OMMCAHHSA MOLIMPEHHS
BUJIIB POCIWH a00 TBapWH, MOXYTh 0Oa3yBaTHCS TUIbKM Ha O10KIIMAaTHYHHX
IpEeIUKTOpax. ¥ CBOIO 4epry, MOJEN AJi1 IPOTHO3Y 3MiH arpoKJIIMATUYHUX YMOB
BUPOLIYBAaHHS CLIIbCHKOTOCIOJAPCHKUX KYJIBTYP MAlOTh TAKOK BPaXOBYBAaTH BILJIUB
KJIIMATy Ha IPYHTOBI BJACTUBOCTI.

JJist OIIHKM KOMIIJIEKCHOTO BIUTMBY O10KITIMAaTUYHHUX 3MIHHUX Ta TPYHTOBUX
BJIACTUBOCTEH HAa MPOCTOPOBE MOIIMPEHHS POCIUH OyB BUKOHAHUU (haKTOpHUU
aHaJi3 eKoJoriyHoi Himl. ['pafieHTHHIA aHai3 OyJI0 BUKOPUCTAHO ISl BUSHAUYCHHS
napameTpiB ONTUMYMY Ta TOJIEPAHTHOCTI BUJIIB JIO JIii arpOeKOJOTIYHUX (HaKTOPIB.
JInst BUpIIIEHHS 3aBJaHb MOJIENIOBaHHS MPOCTOPOBOTO PO3MILIEHHS BUMIIB Y
TENEepiHbOMY 4Yacl Ta JJisi MPOrHO3YBaHHS MaMOyTHIX 3MiH TiJ BIUIMBOM
rmo0ampbHUX 3MIH KJIIMaty OyJo BHKOpPHCTaHO Tmpoueaypy Maxent. s
010KJIIMAaTUYHOTO MOJICIIFOBAHHS 0YJ1I0 BUKOPUCTAHO 19 GloKIIMaTUYHUX 3MIHHUX 3
IIPOCTOPOBOIO PO3JAUIBHOIO 3JIaTHICTIO 2,5 XB 3 TUIO0AIbHOI 0a3W KIIMAaTHYHHX
maaux WorldClim.

VY aucepraiii ynepiie BCTaHOBJIEHI TEHAEHIIIT TpaHcpopMalli rinodaibHOro
Ta €BPONEWCHKOrOo apeany BUAIB poay ManbBa: mansBu KyuepsiBoi (Malva

verticillata L.), kamauukiB apionenbkux (Malva pusilla L.), kagaunkiB HEmOMITHHX



(Malva neglecta Wallr.), mameBu micoBoi (Malva sylvestris L.), maBarepu
onHopiunoi (Malva trimestris (L.) 3 ypaxyBaHHSM 3MiH KJIiMaTy B HaOmmk4ai 50—
70 pokiB. CTBOpeHI MOeINi 3MiH MPOCTOPOBOI MIHJIMBOCTI BMICTY OpPraHIYHOTO
BYTJICIIO Ta 3arajbHOr0 a30Ty B IPYHTI, @ TAKOX KUCJIOTHOCTI IPYHTY B MEXax
€BpONENCHKOr0o KOHTUHEHTY, $IKI 1HJAYKOBaHI I100adbHUMHU 3MIHAMH KIIIMATY.
Busnaueni xmimaTudHl (akTopu, IO 3A1MCHIOOTh HAaWMOUIBIIMK BIUIUB Ha
POCTOPOBE MOMMPEHHs pocsimH poay Malva. OuineHi npoBiHi IpyHTOBI (hakTOpH,
Kl BIUIMBAIOTh Ha BETeTAIlil0 Ha MPOCTOPOBE MOIIMPEHHS pociauH poxay Malva.
BusHadyeHi HaiOuIbIn mepcnekTuBHI Buau poay Malva nns xynsTuBYBaHHS B
[TonTaBchkiit 00acTi 3 ypaxyBaHHSM IIo0adbHHUX 3MiH Kiaimary: Malva sylvestris
ta Malva trimestris.

3 MeTOI0 peryislii MOCIBHUX sSKOCTeH HaciHHS MaibBH JicoBoi (Malva
sylvestris L.) mocmimkyBaau cTpaTHU(IKAII0 Ta OLIHIOBAIM ii Pe3yIbTaTUBHICTb.
OyJI0 BCTaHOBJIEHO, L0 MOKA3HUKHU €HEPTii, IPYHKHOCTI, IIBUIAKOCTI IPOPOCTAHHS Ta
7a00paTOPHOT CXO0KOCTI 3MIHIOBAJIUCS 33 pOKaMH A0CiiKeHb. [Ipu nboMy yMoBHU
cTparudikaiii mokazajau Kpaimll pe3yidbTaTd MpH JociipkeHHi HaciHHs 2019 p
MOPIBHSAHO 3 IHIIMMU. B cepeqHboMy 3a TpU POKH, CTpaTH(iKallis IMiJBUIILyBaja
eHeprito npopoctanus Ha 5,0 %-5,4 %, cxoxicte — Ha 4,2 %-4,6 %, IpyXHICTH
npopocTanHs Ha 6,2 %-10,5 %.

Byna npoBeaeHo JOCIIKEHHS JMHAMIKHA POCTY 1 pO3BUTKY MaJIbBH JIICOBOI B
OHTOreHe3l. MakcumaibHa BHcoTa pociuH csarana 89.0+4.57 cm (y miama3oHi 68—
112 cm). KibKicTh JIUCTKIB HA POCIMHI JUHAMIYHO 301IbITyBangack 10 20-60 noou
(B pi3HI POKH), B MOJAIBIIOMY KUIBKICTh CTaOlII3yBalach Ta 3MEHIIYBaJlach 10
KiHIS BereTarii. IX Maca KOJIMBaIach 3a pokamu 1 Oyjia MakKCUMaJIbHOIO B APYTHIA-
TpeTiil cTpoku BiOOpiB. Maca creden caraino MakCUMallbHOTO 3HaYeHHs Ha 40-60
no0u Bif a3y m’SITH JUCTKIB — MOYATKOBOTO BIUTIKY criocTepeskeHb (15,20 cm-
18,35 cm). KinbkicTs KBITOK cTabuIbHO 3pocTtaia a0 20 qolu, micis yoro Oyia Ha
cTab1IbHOMY PIBHI JI0 KIHILISI CTIOCTEPEXKEHb. Maca reHepaTHBHUX €JIEeMEHTIB TaKOXkK
csirajla MakCUMaJbHUX 3HaueHb 710 20 1o0u, B MOJaJbIIOMY 3MIHIOBajach Majo.

KinpkicTh T1I0/I0€7IEMEHTIB JUHAMIYHO 3poctana Big 20 go0u 110  KiHUA



croctepexxenb 1 mocsirana 74, 6 mt (2021 p.). Ha miacraBi mMareMaTnyHUX
PO3paxyHKIB € 3aTajIbHAN TPEH 30UIBIICHHS Ta MACH OPTaHIB 1 YACTUH POCIUH JI0
20 noOu Bix ¢asza 1m’aTH JUCTOYKIB. BUHATOK CTaHOBHTH Maca IUIO0CJIEMEHTIB Ta
Maca pociuHU (MakcUMalibHI 3Ha4eHHS Ha 40 100y).

Bysno npoBeaeHO AOCTIHKEHHS BIUIMBY CXEM PO3MIIIIEHHS] MAJIbBH JIICOBOT Ha
il mpoayKTUBHICTh. He3anexHo Bi IMUPUHU MIKPSIh Ta BIJICTaHI MDK POCIHH
MaKCHUMaJbHE YTBOPEHHs KBITOK CHOCTepiraioch Ha 4-7 BigOOpH, MOYMHAIOYH 13
novaTky HBITIHHA (15-26 mT. 3a Big0Oip). B mopanemiomy quHamika mpolyKTUBHOCTI
MOCTYIOBO CMajajia A0 KIHIA CIOCTepekeHb. PazoM 3 TuM, mpu 301IbIICHHI
HIMPUHA MDKPSAIb OJTHOYACHICTh YTBOPEHHS KBITOK 3pOCTaja, IO MPU3BOIUIIO JI0
30UTBIIICHHS YACTKH YPO’Kal0 B IEBHUH Mepio/1 yacy. SKII0 yBeCh Mepioi yTBOPEHHS
1 30upaHHs KBITOK (27 300piB) YMOBO MOJUIMTH Ha TPU MEPIOJU, TO MPU HIMPHUHI
MDKpsiab 45 cMm B mepimid niepion 30upanmu 49 %-51 % ypokaro, a mpu MIUPUHI
Mibkpsaab 60 cm — 57 %-60 % yposkaro. Halimenma yactka yposxkaro (10 5 %-15 %)
yTBOPIOBaJIACch B TPETIH mepiof 300py ypoxkaro. CriocTepiraiach IEBHE 3aJEKHICTh
IPOAYKTUBHOCTI Bix cxem posmimenHs (R?=0,7303) Ta macu oaHi€i KBITKM Bis
mnomi xusnenns (R?=0,9021).

Ha mizncraBi oTpuMaHMX HaMU EKCIEPUMEHTAIBHUX JaHUX OyJTu HaMH
po3paxoBaHI MaTeMaTH4HI MOJENI, fKI JOBOJATh, II0 YMOBH POKY, IIUPUHA
MUK Ta BIACTaHb MiX pociauHamH 3a0e3neuyroTh 55 %-95 % BapitoBaHHs
MOKa3HUKIB. B 3arymeHnx mociBax MOJIOBXKYETbCS MEPioJ] YTBOPEHHS KBITOK Ta
3HIDKYETBCSI TIPOJIYKTHUBHICTh 3a OJHE 30MpaHHA. 3a JaHUMH MaTEMaTHYHOTO
MOJICJIFOBaHHS, ONTHUMallbHAa MPOJYKTUBHICTh KBITOK MaJIbBHU JIICOBOI MOXe OyTH

JOCSITHYTA 3a MTUPUHU MKt 60 cM Ta BijacTaHi Mk pociauHamu 16-17 cwm.

Knrouoei cnoea. nixkapcoxi pocaunu, pio Manvea, Malva sylvestris L.,

NPOOYKMUBHICIb POCTIUH, MEXHOJI02I8 BUPOULYBAHHS, ONMUMIZAYISL BUPOUL)BAHHSL.



SUMMARY

Panchenko K.S. Improving the growing plants technology of the genus Malva
L. in the Ukrainian Left-Bank Forest-Steppe conditions.

Dissertation for the degree of Doctor of Philosophy in the specialty 201 -
Agronomy at Poltava State Agrarian University in 2023.

The dissertation presents a generalization of worldwide and domestic
experiences in researching, biology, and cultivation of representatives of the
Malvaceae genus. It includes the results of our own research on the agroecological
assessment of individual Malvaceae species regarding their suitability for cultivation
in Ukraine based on predictive models. We evaluated the sowing qualities of seeds
and studied the regulation of the dormant period. Additionally, we conducted studies
on the productivity of forest mallow (Malva sylvestris L.) based on placement
schemes and mathematical models calculations.

The study focuses on representatives of the Malva genus in the Ukrainian
natural flora, as well as introduced species that show promise for cultivation in the
forest-steppe region of Ukraine. The research investigates the agrobiological
patterns of how agroclimatic, soil modes and agrotechnical conditions influence the
agroecological state and productivity of Malva plants.

The dissertation research aims to enhance agro-technological research. This
is due to the widespread use of plant phytomass and flowers as raw materials in
various fields such as pharmacy, traditional and evidence-based medicine, food
technology, cosmetics, biotechnology, and bioenergy crop cultivation.

Mallows are known for their ecological plasticity, which explains why many
members of this family have a wide geographical distribution. This plasticity also
makes them undemanding to growing conditions, which is why there has been little
scientific interest in the agrotechnology of growing this crop. Varietal diversity is
only present in the case of ornamental forms of these plants.

To produce industrial raw materials, hollyhocks must be bred to meet high

technological requirements.



The potential for introducing mallow into agricultural production is closely
linked to the impact of global climate change on the conditions for growing crops.
It is important to consider the effects of warming trends when strategically planning
agricultural production. One common approach is to model global climate change
under different scenarios. Models describing the distribution of plant or animal
species should be based solely on bioclimatic predictors. Similarly, models
predicting changes in agroclimatic conditions for growing crops should consider the
impact of climate on soil properties.

A factor analysis of the ecological niche was conducted to evaluate the
intricate influence of bioclimatic variables and soil properties on plant distribution.
Gradient analysis was utilized to determine species' optimum and tolerance
parameters to agroecological factors. The Maxent procedure was employed to model
the current spatial distribution of species and predict future changes due to global
climate change. Nineteen bioclimatic variables with a spatial resolution of 2.5
minutes were utilized from the global climate database WorldClim for bioclimatic
modeling.

This thesis establishes trends in the transformation of the global and European
range of species of the genus Malva, including curly mallow (Malva verticillata L.),
small mallow (Malva pusilla L.), inconspicuous mallow (Malva neglecta Wallr.),
forest mallow (Malva sylvestris L.), and annual lavater (Malva trimestris (L.), taking
into account climate change in the next 50-70 years. Models were created to show
changes in the spatial variability of soil organic carbon and total nitrogen content, as
well as soil acidity, across Europe due to global climate change.

This text describes the climatic and soil factors that influence the spatial
distribution of plants in the genus Malva. It also identifies the most suitable species
for cultivation in the Poltava region, taking into account global climate change. The
two most promising species are Malva sylvestris and Malva trimestris.

To regulate the sowing qualities of forest mallow (Malva sylvestris L.) seeds,
we studied stratification and evaluated its effectiveness. Our research showed that

indicators such as energy, friendliness, germination rate, and laboratory germination



varied over the years. However, stratification conditions produced better results in
the 2019 seed study compared to other years. On average over three years,
stratification increased germination energy by 5.0-5.4%, germination rate by 4.2-
4.6%, and germination friendliness by 6.2-10.5%.

The study investigated the growth and development of forest mallow during
ontogeny. The maximum plant height recorded was 89.0+4.57 cm (ranging from 68-
112 cm). The number of leaves per plant increased dynamically up to 20-60 days (in
different years), after which it stabilized and decreased until the end of the growing
season. Leaf weight varied across years, with the highest weight observed during the
second or third sampling period. The mass of stems reached its peak 40-60 days after
the five-leaf stage, which was the initial observation period (15.20 cm-18.35 cm).
The number of flowers steadily increased until day 20 and then remained stable until
the end of the observation period. The weight of generative elements also peaked on
day 20 and then remained relatively constant. The number of fruit elements
dynamically increased from day 20 until the end of the observation period, reaching
74.6 pieces in 2021. Based on mathematical calculations, there is a general trend of
increasing mass of plant organs and parts up to 20 days from the five-leaf stage.
However, the mass of fruit elements and the plant itself reach their maximum values
at 40 days. A study was conducted to investigate the effect of forest mallow
placement schemes on its productivity. The highest number of flowers (15-26 per
sampling) was observed during the 4-7 samplings from the beginning of flowering,
regardless of the row spacing and plant spacing. Afterward, the productivity
gradually decreased until the end of the observations. Increasing the row spacing
resulted in a higher proportion of the crop flowering simultaneously during a specific
period of time. When dividing the entire period of flower formation and harvesting
(27 harvests) into three periods, it was found that using a row spacing of 45 cm
resulted in harvesting 49%-51% of the crop during the first period, while using a
row spacing of 60 cm resulted in harvesting 57%-60% of the crop. The smallest

share of the crop (5%-15%) was harvested during the third period. The productivity



was found to be dependent on the placement schemes (R2=0.7303) and the weight
of one flower on the feeding area (R2=0.9021).

Based on the experimental data, mathematical models were calculated to
demonstrate that the year's conditions, row spacing, and plant spacing account for
55%-95% of the variation in performance. Thickened crops prolong the period of
flower formation and reduce productivity per harvest. The optimal productivity of
forest mallow flowers can be achieved with a row spacing of 60 cm and a plant
spacing of 16-17 cm, according to the mathematical modeling.

Keywords: medicinal plants, Malva sylvestris L., plant productivity,

cultivation technology, optimization of cultivation.



