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During plant development, leaves undergo various ontogenetic changes, including differences in size,
shape, and geometric dimensions. An in-depth study of morphological traits showed differences in species and
populations according to adaptive traits. The Passiflora incarnata L. species of the Passiflora genus undergoes
heteroblastic-significant changes as it grows and develops, showing a morphological distinction between young
and mature vegetative phases. Morphological polymorphism of the leaves of P. incarnata L., one of the most
promising species introduced to Azerbaijan and grown under in open and in closed conditions, was studied and
analyzed mathematically. The leaf area was 135.8 cm? under in open conditions and amounted to 105.5 cm? under
in closed conditions; the perimeter of the leaf under in open conditions was 367.48 cm, while in plants grown
under in closed conditions this parameter was 355.6 cm. The morphological characteristics of the leaves were
found to be higher in the samples grown under in open conditions compared to the in closed conditions. However,
in addition to the leaf perimeter, diversity observed in other morphological traits and the coefficient of variation
were higher in plants developed under in closed conditions compared to those grown in open. This is attributed to
the greater stability of abiotic factors under in open conditions compared to in closed conditions. The high variance
indicates the high adaptability of the P. incarnata L. species.
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Introduction

Fassiflora incarnata L. commonly know as maypop, is a species that has created
considerable interest as a crop because of its large, colorful and sweet-scented flowers as well
as its edible fruits containing an aromatic juice (Vanderplank 1996), which has been found to
be rich in sugar (Arjona, Matta and Garner, 1991). P. incarnata L. is a native of South America
and can grow in both tropical and subtropical climates. Passiflora having creeping and climbing
lianas belongs to the family Passifloraceae of the order Violes. It grows naturally in tropical
America, Asia, and Australia (Patel, 2009).

Fassiflora incarnata is one of the 500 species belonging to the genus Passiflora and a
tropical fruit crop known as passion fruit (De Wilde, 1971; Cronquist, 1988). It has been used
by Asian peoples as a medicinal plant to treat anxiety, depression, and insomnia (Lorenzi and
Matos. 2002). There are species in the world belonging to the genus Passiflora that are used in
different forms (ornamental, medicinal, edible fruits) (F.Uzunoghlu and K. Mavi, 2017).
Passiflora caerulea is widely used in landscape architecture as an ornamental plant in
Azerbaijan. In the pharmaceutical industry, Passiflora incarnata L. species has been used for
many years as a sedative and antidepressant drug (Y. Karimov, et al., 2010). Most of these
species are native to the United States and South America, including Argentina, Brazil,
Colombia, and Paraguay. On the South-Eastern Asian continent, it grows naturally in Australia
and China. In Brazil, 89 species of Passiflora are endemic and therefore, it is considered the
home of biodiversity (Serqueira-Silva et al, 2014).

An optimal environmental condition is the main stimulus for the normal growth and
development of the organism. In this regard, three factors should be noted: temperature,
humidity (moisture), and wind speed. It is these three factors that characterize the microclimate
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conditions of the area, and the creeping plants grown in the area have a special role in their
regulation (O. Ibadly. A.Mehraliyev.p.188., Baku 2012).

—

Fig. 1 P. incarnata L. species view

Picture 1 is a species with leaves arranged in a leaf mosaic pattern without
overshadowing one another. A characteristic feature of leaf mosaic is to ensure that the same
amount of light falls on the leaves on the same plane. The mosaic arrangement of the leaves
can be seen in almost all lianas. The different shapes and sizes of the leaf blades and stalks,
the angle of their alignment in the ortostih, the split leaf blade, etc. allow active photosynthesis
by maximum use of light rays.

In the same sprout, the leaves have different structures and can form a three-layered
formation. Those in the lower part of the sprout are the bottom leaves, the middle leaves are
more active in photosynthesis, and those around a flower group are called top leaves. When
describing the leaves, the focus is on the middle leaves. Because the middle leaves contain all
the general features of the leaves in the habitus of the plant (Z. Humbatov 2017).

The variation observed in leaf morphology is a key indicator of plant adaptation to
different environmental conditions.

To assess the diversity in the population belonging to the Passiflora genus of the
Passifloraceae family, we analyzed the variation of the morphological and functional
characteristics of the leaves in the areas where the species was introduced. For this purpose,
leaf samples were taken from in open and in closed populations species introduced in the
experimental field of the Institute of Dendrology. Azerbaijan Ministry of Sciences and
Education, in 2018.

These plants are heteroblastic species (Cutri et all., 2013). Heteroblastic means the
presence of different leaf shapes on a plant (Plotze et all., 2005; Chitwood and Otoni, 2017 b).
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The transition from the juvenile to the mature stage is manifested by changes in leaf
morphology over time as the growth meristem, commonly known as the heteroblasty (apical).
These morphological changes are connected to changes in plant hormones and the chemical
composition of the leaf (Silva et all., 2019).

The color of the cultivated Passiflora incarnata changes from yellow-green to dark-
green depending on the species.

Many researchers studied the leaf diversity of Passiflora species (Daniel H. and Wagner,
2017; Amanda Mendes Fernandes et all., 2020). Various conclusions were drawn in these
studies. Goebel K. (1908) stated that heteroblasty occurs because the process of photosynthesis
in plants during the development of newly formed leaves does not fully provide the plant with
nutrients. Some researchers report that in the populations of the Passiflora species, all the first
leaves are similar and that heteroblastic changes occur in the structure of the subsequent leaves.
Gilbert (1982) concluded that in Passiflora, heteroblasty is a mechanism for escaping
Heliconius (Heliconius charithonia) butterflies that used leaves to lay eggs.

The plants af genus Passiflora are shrubs and herbs, mostly climbers with auxillary
tendrils, Stem is herbaceus or woody, generally climbing, very rarely arborescent. Leaves
alternate, sometimes compound, imparipinnate; stipules germinate at the base of petioles, rarely
absent; tendril axillary, arising from sterile pedicels. Flowers are bisexual or unisexual, regular.
The large receptacle is often hollowed out like a cup or basin, and bears numerous filamentous
granular appendages between the corolla and stamens, which may be brightly colored and form
a conspicuous corona of great diversity.

The plants of this species were first introduced to Azerbaijan by us. The introduction
was successful, phenological observations were made at all stages of ontogenesis. We aimed to
study the diversity observed in the leaves of P. incarnata L. species under in open and in closed
conditions and to assess the adaptive potential of the species.

Materials and Methods

We started the first introduction of Passiflora species in Azerbaijan in 2018 using seeds
imported from Florida. During the season, all stages of ontogenesis were studied, phenological
observations were made by various methods. The species adapted well to Absheron conditions.

The Absheron Peninsula, where the study was conducted, is located at 40°77 and 40°37
north latitude and 49°30-50°22 south longitude. The length of the peninsula is 80 km from north
to west, the widest width is 27 km, the middle part is 22 km. The total area of the peninsula is
2050 km?. The climate of Absheron is included in the subtropical climate zone with dry and
very hot summers, warm and mild autumns, and short winters (T.S.Mammadov, 2010).

To study the variability of morphological features of leaves, 100 leaves were collected
from 10 plant samples, 10 leaves each (Jensen, 1990). Leaf samples collected from mature
forms should be used for the biometric analysis of leaves because samples from young offshoots
and seedlings are very similar or even indistinguishable (Baratynski et al., 2008). Six
morphometric parameters (LL-leaf length, LW-leaf width, LSA-leaf surface area, LP-leaf
perimeter, F-leaf shape coefficient, and R - leaf length to width ratio (R = LL / LW)) were
measured in the collected leaves using CI-202 LESER AREA METER (USA) (Figure 1).
Measurements were carried out at the Institute of Dendrology in Azerbaijan Ministry of
Sciences and Education,. The measurement results were mathematically analyzed (R. Guliyev
and K. Aliyeva, 2002).
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Fig. 2 CI-202 Leser area meter Fig. 3 Heterophylia of P. incarnata L leaves

Raw data are worthless until they are processed by computer systems for a specific
purpose and turned into knowledge. The traditional method of transforming information into
knowledge is based on classical analysis and interpretation. Compilation and mathematical
analysis of the variation order according to the morphological features of the leaf, the
centralization of the figures, and their preparation for further analysis were implemented using
the computer program Excel. To characterize the variation order, the comparison of the studied
material with other materials can be carried out after determining the average mathematical

parameters of the variation order (;)

e (1)
n

The average mathematical index of morphological features characterizes the basis of
modification variability. The average mathematical value differs the least from other
dimensions in the variation order. The second parameter of the variation order, standard
deviation (c) was used to correctly characterize the variability. The standard deviation is
calculated by the following formula:

I=1 ﬁ’%lﬁ(z)

The standard deviation shows, on average, how much each variation differs from the
mathematical mean. Sigma (o) is a measure of modification variability. The coefficient of
variation is used to compare the variability observed in different traits in a population:

v =Z%100% (3)
X

Results and discussion

Variation in leaf morphology is a key indicator of plant adaptation to environmental
conditions. The structure and functions of a leaf can change due to evolution when it adapts
to certain conditions. To assess the diversity in the population of the researched species, which
are of the Passiflora genus belonging to the family Passifloraceae, we analyzed the variation
of the leaf morphological characteristics in the areas where the species was introduced.

Higher morphological indices of the leaves were observed in plant samples grown under
in open in Absheron conditions. Besides, heterophyllia — the different structure of the leaves in
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the habitus of plants - was more pronounced under in open conditions. Thus, under in open
conditions, the leaves at the top are more split and subjected to sunlight compared to the leaves
below, which in turn facilitates the adaptation of the introduced plant to local conditions.

Morphological traits of leaves were found to be higher in plant samples grown under in
open conditions compared to those under in closed conditions. For example, the leaf area was
135.8 cm? under in open conditions and amounted to 105.5 cm? under in closed conditions; The
perimeter of the leaf under in open conditions was 367.48 cm, while in plants grown under in
closed conditions this parameter was 355.6 cm (table). However, in addition to the leaf
perimeter, diversity observed in other morphological traits and the coefficient of variation were
higher in plants developed under in closed conditions compared to those grown in open. .
According to the perimeter of the leaf, the coefficient of variation under in open conditions was
31.17%, while under in closed conditions, it amounted to 10.34%. Based on the perimeter of
the leaf, the coefficient of variation under in open conditions was 31.17%, and under in closed
conditions it was10.34%. The greatest variation in leaves was observed in the width to length
ratio (R = LL / LW) (CV = 109.2.%) in plants grown in closed, and the least variation was
found in the same ratio of the plants grown in open (R =LL / LW) (CV = 7.54%) (table).

Passiflora species differ from trees and shrubs in many respects because of their
creeping stems. They grow quickly, spread more in areas where trees and shrubs are difficult
to grow, and quickly "occupy" the area where they grow by developing in a vertical and
horizontal direction.

The above-mentioned properties of creeping plants greatly expand the scope of their
use. Thus, they protect the area from noise, harmful dust mixtures, strong winds, etc. and they
are widely used in the improvement of microclimate conditions, biological recultivation of
soils, medicine, and the food industry.

The role of Passiflora species with a creeping stem as a surface cover should be noted,
especially in forestry and soil erosion protection.

Table
Morphological variations of Passiflora incarnata L. leaves grown in open (control) and closed
conditions

Morphological traits ; c CV(%)
Area (cm?) Ag 135.8 +20.18 13.98
A 105.5 +21.2 19.8
Length (cm) Ly 22.385 +2.18 7.64
L 21.5 +11.4 44.56
Perimeter (cm) Py 367.48 +130.51 31.17
P 355.6 +33.3 10.34
Width (cm) Wi 13.71 +3.38 27.47
W 13.29 6.1 93.94
Ratio Ri 1.55 +0.11 7.54
R 1.63 +1.7 109.2
Factor Fi 0.06 +0.002
F 0.023 0.01 29.53
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Fig. 4 a) in open conditions

According to our research, variations in the structure of P. incarnata L. leaves are often
related to the growing conditions of the species. Like other organs, the variety of shapes of the
leaves is due to the differentiation of growth, i.e. the diversity between the different rates of
growth of the leaf in various directions. The high variability indicates the high adaptability of
P. incarnata L.

Our country is one of the countries in the world with high economic potential, where
many types of fruits can grow due to geographical location and ecological features. P. incarnata
L. is a tropical fruit known in foreign countries as maypop. It is very popular and has different
uses. This species, which attracts attention in the world due to its nutritional value and use in
the field of pharmacy, can be easily cultivated in some regions of our country.

Fig. 5 Leaf heterophyllia in the P. incarnata L. species

Passiflora incarnata L. is widely used in the medical industry and because it is a very
important species for landscape architecture due to its decorativeness. This is a new tropical
species introduced in Azerbaijan, and therefore it is economically and scientifically important
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to conduct research through the production and adaptation of the species to suitable
environmental conditions. In the course of our research, the adaptation of the species to different
locations: its reaction to the growing environment, the ability to bear fruit based on productivity
and quality indicators were studied in depth.

Based on the result we received, the adaptability of the species was high.

According to the results of our research, the variations in the structure of the leaves of
P.incarnata L. are mainly related to the ripening conditions of the species. The high diversity of
variation in the leaves of the plant under open conditions indicated the possibility of the
introduction of P. incarnata L. in Absheron.
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B nporecce pa3BUTHS PACTCHUH B JIMCTHAX MPOUCXOJHUT PA3INYHBIC OHTOTCHETHIECKUE N3MCHEHUS, B
TOM YHCJIE UMEIOTCS passiMuus B pa3Mepax. YTIIyOIeHHOE M3ydeHHe MOpP(OJOTHYECKUX MPU3HAKOB MOKA3aJIo
pasnuuus BUJIOB M HOMYJSLUHA 10 aJanTUBHBIM HpusHakam. Bun Passiflora incarnata L. pona Passiflora
IpeTeprieBaeT 3HAYUTENbHBIE TIeTepo0IacTHYecKue W3MEHEHHsS MO Mepe POocTa M Pa3BHUTHUS, IEMOHCTPUPYS
MOP(OJIOTHYECKOE Pa3IMyHe MEXIY MOJIOAO M 3pernoil BereTaTUBHBIMHU (ha3amu. M3ydeH W mMareMaTHYecKH
NpoaHan3upoBaH Mopdosornueckuid nonumopdusm nucreeB Passiflora incarnata L., onHoro m3 Hauboiee
MEePCIEeKTUBHBIX BHIOB, MHTPOAYLHPOBAHHBIX B A3zepOaii/ykaH M BBIPAIMBAEMBIX B YCJIOBUSAX OTKPBITOIO U
3aKpHITOTO TpyHTa. [1I0mans JUCTHEB B YCIOBUSAX OTKPHITOTO TpyHTa cocTaBuia 135,8 c¢Mm?, B yCIOBHAX
3akpbiToro — 105,5 cM?; mepuMeTp JIUCTa B YCIOBHAX OTKPHITOTO TPYHTAa COCTaBWI 367,48 cM, Torma Kak y
pacTeHuii, BEIPALICHHBIX B YCIOBUSIX 3aKPBITOTO TPYyHTA, 3TOT HapaMeTp cocTaBmi 355,6 cM. YCTaHOBJIEHO, 4TO
MOpP]OIIOTHYECKNE XaPAKTEPHCTHKHY JIMCTHEB BBIIIE y 00pa3IIOB, BEIPAIICHHBIX B YCIOBHAX OTKPBITOTO TPYHTa, 110
CPaBHEHHIO C YCJOBHSMH 3aKpBITOrO rpyHTa. OmHAaKoO, MOMHUMO INEpHMETpa JIMCTa, pasHooOpasne Mo JIpyruM
MOP(]OJIOTHYECKUM TIPU3HAKaM ¥ KOG GHUIMEHT Bapualuy ObUIM BBINIE y PACTEHHH, BBIPAIICHHBIX B YCIOBHUIX
3aKpBITOTO TPYHTA, 110 CPaBHEHHWIO C PACTCHUSIMHM, BBIPAIICHHBIMH B OTKPBITOM TPYyHTE. OTO OOBSCHIETCS
GoutbIeil cTaOMILHOCTHIO a0MOTHYECKUX (PAKTOPOB B YCIOBHAX OTKPHITOIO TPYHTA IO CPABHEHMIO C YCIOBUSIMH
BBIPALIMBAHMS B 3aKPBITOM TpyHTE. BbIcOKast qucnepcus yKa3blBaeT Ha BBICOKYIO aJlaliTUBHOCTh Buna Passiflora
incarnata L.

KnroueBble ciioBa: napamemp; eapuayusi, UHMPOOYKYUOHHBIL MOPHOMEMPUYecKUll  aHaius;
eemobaacm,; nOnynAYus



