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MORPHOBIOLOGICAL CHARACTERISTICS OF PASSIFLORA INCARNATA L.
AFTER ITS INTRODUCTION INTO THE LEFT BANK FOREST STEPPE OF UKRAINE

Actuality. Passiflora incarnata L. is a valuable medicinal fruit plant, it is included in the official list in Ukraine because it is used
in modern medicine for the preparation of medicines, the inner edible part of the fruit is used in food. Due to its subtropical origin, the
species is included in the collection of subtropical plants of the Khorolskyi Botanical Garden as an introducer. An actual issue is testing
of P. incarnata in the introduction points of the Left Bank Forest Steppe of Ukraine as a fruit plant.

The purpose of the work is search and mobilization of the source material of P. incarnata, development of plants for introduction
in the conditions of the Left Bank Forest Steppe of Ukraine (introduction point is Khorolskyi Botanical Garden), clarification of
morphobiological features and identification of promising samples among them for further selection programs regarding the use of the
species as a fruit plant.

Research materials and methods. The object of research was morphobiological features of plants. P. incarnata plants growing on
the territory of the Khorolskyi Botanical Garden and in the nursery outside its territory were the subject of the research. The research
period was 2022-2024. Research methods were botanical and geographical, gradual acclimatization, free-pollination seed sowing,
observation under the conditions of introduction, morphometric measurements, photofixation, description.

Research results and their discussion. P. incarnata was propagated by sowing seeds that germinated on the 7th day, the first
sprouts appeared on the 10" day, mass sprouts appeared on the 17th day. At the stage of three leaves, the plants were dived. Before
planting in the soil in the second or third decade of May, the plants had one stem and 5—7 leaves. In the open ground during the growing
season, further growth of the vegetative mass of plants took place, namely the development of leaves, elongation and branching of
stems, appearance of buds, flowering, fruit formation, ripening of fruits, and death of the above-ground part of plants.

Due to the sufficient temperature regime of the Left Bank Forest-Steppe of Ukraine and precipitation in the form of rain, the
vegetative phase of the life cycle of P. incarnata was characterized by appearance of strong stems and a large number of green leaves,
which is important for photosynthesis, beginning and development of the reproductive phase and transition of plants to a state of rest.
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In the process of morphobiological research on plant development, growth of vegetative mass, and fruit quality, 5 samples were
selected in 2023 from among 55, in 2024 from among 10 plants whose rhizomes were wintered in the open ground, 7 samples were
selected. The berry-like fruits of the selected samples were oval-shaped with a thick dense shell, greenish-yellow outside. Each seed was
encased in an edible, jelly-like, juicy aril. According to the results of the assessment of quality indicators, the pulp of the fruits of the
selected samples changed from slightly acidic to acidic and had a pleasant specific aroma, characteristic only of the genus Passiflora.

Conclusion. Under the conditions of introduction, based on the results of research of the morphobiological features of P. incarnata
species during 2023-2024, 12 samples were selected, the fruits of which had the largest linear dimensions and mass among those
studied. They acquired sufficient ripeness so that their juicy part was suitable for use in food. Selected specimens can be distributed
among gardeners as a fruit plant.

Key words: Passiflora incarnata, Khorolskyi botanical garden, open ground, cultivation.
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MOP®OBIOJOI'TYHI OCOBJIUBOCTI PASSIFLORA INCARNATA L.
3A IHTPOAYKIIT Y JIBOBEPEKHOMY JIICOCTENY YKPATHU

Axmyansuicme. Passiflora incarnata L. — yinna aikapceka nioooea pociuna, 6 Yxpaini exnoueHa 00 oQiyuHanbHUX, adice
3ACMOCOBYEMBCSL 8 CYUACHIT MEOUYUHI OJisl RPUSOMYBAHHS KIS, GHYMPIWHIO ICMIGHY YacmuHy nio0ié 6UKOPUCMOBYIOMb Y XAPYYEAHHI.
3eadicarouu na cyomponiune noxoodcenns, 6u0 3any4eHo 00 Konekyitno2o Goundy cybmponiunux pociur Xoponbcbkoeo 60maniynoco
€aoy Ax iHmpooyyenm. AkmyanoHum numanHam € eunpobyeanna P. incarnata 6 inmpooyxyitinux nynkmax Jlieobepescrozo Jlicocmeny
Vxpainu sax niodosoi pocaunu.

Mema oocnioxcennsa. [lowyx ma mobinizayia euxionozo mamepiany P. incarnata, oceoenna pociun 3a inmpodykyii 6 ymosax Jlieo-
bepedichoeo Jlicocmeny Yxpainu (nynkm inmpooykyii — Xoponbcokuti Oomaniunuil cao), 3 sCy8ans MOP@HOOIoNoiuHUX 0codnU8oCmel
ma eusAGIeHHs ceped HUX NePCHeKMUBHUX 3PA3KIB 05l NOOANbLULUX CeNeKYITHUX NPOSPAM U000 BUKOPUCIANHS BUOY K NA0O0B0I POCIUHU.

Mamepian i memoou. O6 ’exm 0ocnioxncentss — mopgobionoiuni ocobausocmi pocaun. Ipeomemom docniodicerns Oyau pociunu
P, incarnata, sixi spocmatomv Ha mepumopii Xoponbcvkoeo 60maniuno2o cady ma y po3caoHuKy 3a mexcamu tioeo mepumopii. Ilepioo
Odocnidoxcens — 2022-2024 pp. Memoou docnidocennsn — bomaniko-eeoepagiunuil, cmynenesoi akaiimamusayii, Uciey HACIHHA 8iIbHO20
3ANULEHHS, CNOCMEPEICEHHSL 8 YMOBAX THMPOOYKYIT, MOPHOMEMPUUHUX GUMIPIOG6AHb, (homogircayii, onucy.

Pezynomamu oocnioscenns . Posmnoocysanu P. incarnata nocieom nacinms, ske npopocmaino na cbomy 000y, neputi cxoou 3 ‘aes-
aucs wa 10-my, macosi — na 17-my 006y. Ha cmaoii mpvox nucmkis pocaunu nixkipysanu. /lo eucaoxu ¢ ipynm y opyeii-mpemitl 0ekaoi
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MpaAsHs pocaunu Maau oone cmebno i 5—7 aucmkis. Y 6iokpumomy rpynmi 6npo0oeic ecemayitino2o nepiody 6io6ysanocs nooanviuie
HapoCcmanHs 6e2emamu6Hoi Macu pociut, a came. po3gUMOoK JUCMKIE, NOO0BICEHHS I pO32aIyICeHHA cmebel, NoAea nyn saHKis, yei-
MINHAL, YMEOPEHH s NA00I6, 00CMUSAHHSA NA00I6 M BIOMUPAHHI HAO3EMHOT YACMUHU POCIUH.

3ae0sKu docmammuvomy memnepamypromy pescumy Jlisobepescnozo Jlicocmeny Vkpainu ma onadam y eu2nsoi dowgy éezema-
muena ¢pasa scummesoeo yukay P. incarnata xapakmepusyeanacs noseoio miyHux cmeﬁle)ﬂ i 8enUKOI KIbKOCMI 3€1eH020 TUCHIS, WO
6AJICAUGO 0715 (HOMOCUHMESY, NOUAMKY MA POIGUMKY PENPOOYKMUGHOI (hazu ma nepexody pociun y Cmam CnoKoio.

Y npoyeci mopgpobionoziunux docriodxfcens 3a po3sUMKoM pOCIUH, HAPOCMAHHAM 6€2CMAMUEHOT Macu ma saxicmio niodie y 2023
p- 3-nomigc 55 6idiopano 5 spaskis, y 2024 p. 3-nomizc 10 pocaun, Kopenesuwa AKUX sumMy6anu y 6iOKpumomy tpyumi, eioiopano 7
3paskig. A2000n00idoni niodu 6idibpanux 3pasKie OVIu 08anbHOI popmu, 3 MOBCMOI0 WINLHOI 000IOHKOIO, 3€/1eHY8AMO-HCOBIMI 308HI.
Koorcna nacinuna 6yna obeopnena icmisHUM JcenenodiOHuM COKOGUMUM APUTYCOM. 3a Pe3VIbmamamy OYiHKU SKICHUX NOKA3HUKIG
M ARV 110018 8I0IOpAHUX 3DA3KIE 3MIHIOBABCA 810 CLADOKUCI020 0 KUCI020 | MA8 NPUEMHUL CHeyupiunuLl apomam, RPUmamanHuil
Juue pooy Passiflora.

Bucnoesok. B ymosax inmpodykyii 3a pesynsmamamu 00Cuiodcenb Mop@obionociunux ocoonueocmeli eudy P. incarnata énpooogaic
2023-2024 pp. idibpano 12 3paskis, nioou sikux mauu Oitbuli IHIiHI po3mipu ma macy cepeo 0ocriodcenux. Bonu nabysanu docmam-
HbOI cmuenocmi, wob iXus cokosuma 4acmuna Oyia npuoamna Osi BUKOPUCMAKHS Y Xapuyeanni. Bioibpani 3pasku mooxcyms oymu

nowiuperi ceped cadi6HuKig AK N10008a POCIUHA.

Kanrwuoei cnosa: Passiflora incarnata, Xoponvcokuii Gomaniunuil cad, 8iOKpumuil IpyHm, KyJIbmugy8anHsl.

Introduction. Actuality. The introduction of plants
is an important factor in the ecological optimization
of phytocenoses and enrichment of plant resources in
general (Rakhmetov, 2017a, pp. 8-24; Klymenko et
al., 2012, 34-293). Adaptation of a plant in the process
of introduction is an adjustment that manifests itself
in a complex manner and serves as the basis for the
survival of the species in new conditions of existence.
According to the modern definition, the introduction
of plants is a complex of methods and techniques for
growing plants of natural and cultural flora, which
contribute to adaptation processes in areas located
outside their geographical, ecological and cultigenic
areas (Mezhenskyiet al., 2015, pp. 118—124). The task
of introducers is to identify potentially valuable objects
for transfer to new geographical areas because in
nature there is a significant variety of polycarpic fruit
plants, including subtropical ones, which have valuable
economic qualities and morphobiological features that
distinguish them from other plants and on which their
successful introduction can be based.

To enrich the species diversity, the valuable medicinal
fruit plant Passiflora incarnata L. from the family
Passifloraceae Juss. was added to the collection fund of
subtropical plants of the Khorolskyi Botanical Garden
(Krasovskyi et al., 2021, pp. 188-191; Mezhenskyi et
al., 2014, pp. 74-76), which is studied as an introduction.

P incarnata is native to South America, Australia,
and Southeast Asia (Janda et al., 2020a, p. 19), has
documented therapeutic properties, and has been used
medicinally for centuries (Zanardi et al., 2023a, p. 12),
it is sufficient studied from a pharmacological point of
view (Da Fonseca, et al., 2020a, p. 18). In recent years,
research on the species P. incarnata has also focused
mainly on phytochemistry and pharmacological aspects
(Jandaetal.,2020b, p. 19; Da Fonseca, etal.,2020b, p. 18;
Zanardi et al., 2023b, p. 12; Patel et al, 2009a,
pp. 175-181; Michael et al., 2022, pp. 287-292),
side effects (Miroddi et al., 2013, pp. 791-801) of
preparations from P incarnata, used in the food
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industry with high potential use as dietary supplements
(Nikolova et al., 2024a, p. 20). The decorative qualities
of the plant (Boboc (Oros) et al., 2017, pp. 77-81) and
its bioecological and morphological features are rarely
studied (Goyal et al., 2019, pp. 1211-1216; Ozarowski
etal., 2022, p. 3).

In Ukraine, P. incarnata occupies an important place
among medicinal plants and belongs to official plants
(State Pharmacopoeia of Ukraine, 2023, p. 338). Among
the medicinal products obtained from P incarnata raw
materials, the pharmaceutical market of Ukraine includes
such medicines as Kvait stress relief, Tsefaneiro, Niureksan,
Spaskuprel, Novo-pasyt, Sedistres, Bioson, Belisa (State
Register of Medicinal Products of Ukraine, 2024).

The inner part of the fruit is used in food (Da
Fonsecaet al., 2020c, p. 18) and people appreciate it for
its unique taste (Stafne, 2022, pp. 919-924). The fruits
have a high content of potassium, calcium, magnesium,
vitamin C and carotenoids. In addition, the fruits are
rich in polyphenols, flavonoids (apigenin and chrysin),
amino acids. As for sugars, fruits contain glucose,
fructose and sucrose, as for organic acids they contain
citric and malic acids (Nikolova et al., 2024b, p. 20). P
incarnata contains alkaloids: harmin, harmol, harmalin,
harmalol and harman (Da Fonseca et al., 2020d, p.18)

P incarnata is a perennial herbaceous liana with
large, mostly lilac flowers. The above-ground part of the
plant dies off annually, and in the spring it grows from
dormant regeneration buds, which are stored on a well-
developed rhizome. Such a feature of the species should
be considered as an adaptation potential to the unfavorable
climatic conditions of the Left Bank Forest Steppe of
Ukraine upon introduction because this is what ensures
the survival of the species at low winter temperatures.

Since the introduction of new economically valuable
species and their reproduction serve as the basis for the
preservation and enrichment of phytodiversity, testing of
P. incarnata in the introduction points of the Left Bank
Forest Steppe of Ukraine as a new medicinal and fruit
plant is an urgent issue.

Ne 4, 2024
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The purpose of the work is search and mobilization
of the source material of P. incarnata, development
of plants for introduction in the conditions of the
Left Bank Forest Steppe of Ukraine (introduction
point is Khorolskyi Botanical Garden), clarification
of morphobiological features and identification of
promising samples among them for further selection
programs regarding the use of the species as a fruit plant.

Research materials and methods. The object of
research was morphobiological features of P. incarnata
plants. The research period was 2022-2024.

The work consisted of the following stages: selection
of source material for introduction; mobilization of
introductory material; mastering of introductory material
in new natural and climatic conditions; selection of the
most promising samples according to morphobiological
indicators.

In the course of the work, the following introductory,
acclimatization, and morphobiological research
methods were applied: botanical-geographical, gradual
acclimatization, sowing of free-pollinated seeds,
observation under the conditions of introduction,
morphometric measurements, photofixation, description
(Rakhmetov, 2017b, pp. 8-24).

The botanical-geographical method was based on
finding the northern limit of the artificial range of P,
incarnata. In the process of expeditionary search, such
an area was discovered in Bukovyna. Therefore, for the
introduction of the species in 2022, the source material
was collected in Chernivtsi from Dmytro Frunza, a
private breeder of this species, by harvesting ripe fruits,
extracting seeds from them (fig. 1) and storing them in
a dry state until sowing. The species belonging to the
obtained material was identified by scientists of the
Khorolskyi Botanical Garden based on morphological
features and it corresponds to the description of the
species (Patel et al., 2009b, pp. 175-181).

J

Fig. 1. Obtained seeds of P. incarnata, 2022.
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Using the gradual acclimatization method, which
consisted in the gradual transfer of plants from one
geographical area to another by sowing seeds, the range
of growth of P. incarnata was extended from south to
north, where the geographical extent was about 170 km.

To grow seedlings and obtain new specimens of the
species, the method of mass sowing of free-pollinated
seeds was used directly under the conditions of
introduction.

Research results and their discussion. P. incarnata
seeds soaked in warm water for 2 days were sown
into a substrate of chernozem and river sand (1:1) to a
depth of 3—4 mm. To obtain seedlings, high humidity is
necessary, therefore, to create greenhouse conditions, the
containers were covered with a transparent polyethylene
film and kept under bright diffused light in laboratory
conditions at a temperature in the range of 2025 °C. The
seeds germinated on the 7th day (fig. 2), the first sprouts
appeared on the 10" day, and mass ones appeared on the
17th day. At the stage of three leaves, when the plants
had a height of about 5 cm and a tap root of the same
length (fig. 3), they were dived. Before planting in open
ground in the second or third decade of May, the plants
had one stem and 5-7 leaves (fig. 4).

In the open ground during the growing season, there
was a further increase in the vegetative mass of plants,
namely development of leaves, elongation and branching
of stems, appearance of buds, flowering, fruit formation,
ripening of fruits, and death of the above-ground part of
plants. Thanks to the sufficient temperature regime and
precipitation in the form of rain (data from the Lubensk
weather station in 2023, the sum of average daily air
temperatures: above + 5 °C — 2419.7; above + 10 °C —
1436.0; precipitation by month, mm: V—25,3; VI-37,5;
VII-89,1; VIII - 32,7; IX - 50,5; X —100,7; XI - 113,4)
the vegetative phase of the life cycle of P. incarnata was
characterized by the appearance of strong stems and a
large number of green leaves (fig. 5), which is important
for photosynthesis, beginning and development of the
reproductive phase and transition of plants to a state of
rest. Therefore, it can be stated that during the growing
season, the climatic conditions of the Left Bank Forest
Steppe of Ukraine ensure the passage of a full cycle of
seasonal development of P. incarnata. Describing the
individual organs of the introducer, it is worth noting
that the stems of the plants were smooth, rounded, vine-
like with a maximum length of 2.6 m, woody at the base,
clinging to the support with tendrils that developed in
the axils of the leaves and twisted into a spiral.

The leaves were simple, alternating, placed on the
shoot at a distance of 5-10 cm from each other, deeply
three-parted with a finely serrated edge, leathery. The
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leaf'plate was dark on top, bare light green on the bottom,
the length varied within 10-18 cm, the width varied
within 11-21 cm. Its side lobes were oblong-ovate, thin
and sharp-serrate towards the top, the middle part was
elongated-ovate, on the ends were slightly pulled back.
The petiole of the leaf was 3—6 cm long, rounded below,
grooved above, closer to the base of the plate with two
flat brown glands. The stipules fell early, very small,
dentated, with rounded, shiny green glands at the ends
of the jagg (fig. 6).

Fig. 2. Germinated
seeds, 2023

Fig. 3. Seedling
of P. incarnata before
diving, 2023

Fig. 4. P. incarnata seedlings before planting
in open ground, 2023

The plant was entomophilous and cross-pollinated,
in the conditions of introduction, the flowers were most
often pollinated Apis mellifera sossimai, A. mellifera
mellifera, rarely representatives of the genus Bombus
Latreille. The first buds appeared in the third decade of
July, the plants bloomed from the first decade of August
to September. The flowers were regular, bisexual, with
a double perianth, 6-8 cm in diameter. There were 5
fused sepals and petals. Pedicels were 5—13 c¢m long,
with small bracts. Sepals were broad-lanceolate, long
2.7-3 cm, 0.8-1 cm wide, green below, pale purple
above, leathery, with spiny outgrowths at the top. The

114
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petals were of the same shape as the sepals, delicate,
pale purple, with one middle vein. Between the petals
and stamens there was a crown consisting of several
circles of numerous thread-like outgrowths 2.5-3 cm
long. In the center of the flower head there was a long
column that carried stamens and pistils. There were 5
stamens with thick dorsoventrally flattened filaments
0.9-1 cm long, to which sac-like anthers were attached
by means of an extremely mobile ligament. The ovary
was upper, single-nested, pubescent, with three carpels,
with three club-like columns ending in large pillow-like
receptacles, weakly bipartite at the apex (fig. 7).

Fig. 6. Leaves
of P. incarnata, 2023

Fig. 5. Vegetative growth
of P. incarnata, 2023

Fig. 7. Flower of P. incarnata, 2023

The berry-like fruits were oval in shape with a
thick dense shell, 5.1-8 cm long and 5.0-6.5 cm wide,
greenish-yellow, with three nests of black seeds. Each
seed was enveloped by an aril with a membranous sac-
like sheath. The seed was 0.7-0.8 cm long and 0.38-0.4
cm wide, flat, ovoid, black, with a mesh-cellular surface.
The first fruits ripened in the second decade of October,
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acquiring a light green color with a yellow tint (fig. 8).
Under the conditions of introduction, one annual plant
formed up to 7 fruits per season. For their maturation, 5
fruits were left on each plant, which formed first and had
intensive development.

In the process of morphobiological research on the
development of plants, the growth of vegetative mass
and the quality of fruits (they had an early ripening
period of fruits, their largest linear dimensions, weight,
a significant number of seeds), 5 samples were selected
from among 55, the fruits of which are shown in fig. 9,
and their morphometric indicators are given in Table. 1.

Fig. 8. Fruiting of P. incarnata, 2023

(| = =l
L (| =
Fig. 9. Fruits of selected samples of P. incarnata,
2023

d

At the end of the growing season, 45 of the 55
studied samples were transferred to the basement for the
winter period as annual rhizomes (one of which is shown
in fig. 10), the other 10 samples wintered in the open

ground. As an agrotechnical method of protecting them
from freezing, insulating material was used in the form
of foam plates measuring 100x50x3 cm - one for each
plant. In the spring of 2024, the plants that overwintered
in the open ground started vegetation in the third decade
of April - the first decade of May. Planted rhizomes from
the basement into the soil vegetated in the second-third
decade of May and slowly increased the vegetative mass.

Fig. 10. Rhizome of the annual plant of P. incarnata
before planting in the soil in 2024

7 samples were selected from among 10 plants that
overwintered in open ground with insulation of the
rhizomes, the general appearance of the fruits of which
is shown in fig. 11, and their cross-sectional view in
fig. 12. Morphometric indicators are given in table 2.

Fig. 11. Fruits of selected samples of P. incarnata,

2024
Table 1
Morphometric indicators of the fruits of the selected samples, 2023
Sample Dimensions Weigh? of the Seed weight, g Th.e numbel: of seeds
No Length, cm Width, cm fruit, g ? in the fruit, pcs.
1-23 8.0+0.11 6.5£0.071 55.5+1.72 0.3 63+3.74
2-23 6.8+0.089 5.5+0.105 27.6+0.51 0.4 66+2.83
3-23 5.540.10 5.0+0.071 17.8+£0.20 0.6 56+3.29
4-23 5.1£0.032 5.1£0.045 21.5+0.5 0.4 32+1.41
5-23 6.3+0.089 6.2+0.114 47.6£1.91 0.5 81+3.49
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Table 2
Morphometric indicators of the fruits of the selected samples, 2024
Sample Dimensions Weighf of the Weight of seeds Th.e numbel: of seeds
Length, cm Width, cm fruit, g (10 pes.), g in the fruit, pes.
1-24 5.840.071 6.1+£0.221 27.0+£1.58 0.29 70+3.16
2-24 6.1+0.045 5.44+0.063 31.9+0.84 0.24 99+0.7
3-24 6.4+0.114 5.3+0.092 36.5+1.25 0.35 48+7.58
4-24 5.840.212 5.2+0.127 24.9+1.27 0.26 74+1.41
5-24 5.6+0.118 4.5+0.058 23.74+0.406 0.27 62+1.35
6-24 4.740.114 4.9+0.12 20.8+0.465 0.26 53+1.52
7-24 5.24+0.089 4.8+0.103 20.6+0.51 0.27 48+2.28

temperature was recorded on January 30, 2014, minus
22.8 °C. When planning agrotechnical measures for
plant protection, the amplitude of fluctuations in minus
air temperatures is taken into account.

According to the results of the assessment of quality
indicators, the pulp of the selected samples changed from
slightly acidic to acidic. Also, the fruits of these samples were
distinguished by a very pleasant specific aroma, characteristic
only of the Passiflora genus. The pulp was consumed fresh,
added to ice cream and drinking water as a flavoring.

Conclusions

Under the conditions of introduction, based on
the results of research into the morphobiological
Fig. 12. Fruits of selected samples of P. incarnata, features of the P incarnata species d'uring 202,3-2024’

half cut fruits, 2024 12 samples were selected, the fruits of which had
the largest linear dimensions and mass among those
studied. They acquired sufficient ripeness so that
their juicy part was suitable for use in food. Selected
specimens can be distributed among gardeners as a
fruit plant.

According to the data of the Lubensk weather
station, the absolute minimum air temperature recorded
during the winter of 2023-2024 was on January 8 with a
mark of minus 13.9 °C. Over the last decade, the lowest
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