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Abstract. The article deals with the determination of the composition and quantitative diversity
of phytochemicals — phenols, flavonoids, anthocyanins, tannins, and organic acids — in Punica
granatum L. populations distributed in the northeastern part of the Lesser Caucasus. The main reason
for studying this diversity is to evaluate the interaction between ecological factors, including
altitudinal gradients, soil properties, humidity, temperature, and light regimes. The article reflects, on
a scientific basis, the mechanisms of influence of ecological variability on the phytochemical profile.
These populations, depending on the ecological conditions reflecting the climate and soil diversity of
the region, undergo regular changes and spread throughout the territory, playing an important role in
the formation of the adaptive capabilities and phytochemical diversity of the species. The levels of
tannins and phenolic acids in pomegranate populations increased significantly under nitrogen
limitation. This increase reflects the adaptation of the plant to metabolic stress. The increase in
anthocyanin and total phenol levels in populations accompanied by water deficit is explained by the
compensation of drought-induced oxidative stress.

Annomayusn. CTaThsl TOCBAIIEHA OMPEICICHUIO COCTaBa W KOJUYECTBEHHOTO Pa3zHOOOpa3us
¢uToxumMuuecknx BemecTB ((heHoloB, (PIABOHOMIOB, AHTOLIMAHOB, IyOWJIBHBIX BEIIECTB,
OpPraHMYECKHUX KHUCIIOT) B MOMYSIUSAX TpaHata Punica granatum L., pacipOCTpaHEHHBIX B CEBEPO-
BocTouHOM vacth Manoro KaBkaza. OCHOBHO#M NMPUYUHON ATOr0 pazHOOOpasus SBISETCS OIEHKA
B3aMMOJICHCTBHS JKOJIOTHYECKHUX (DaKTOPOB, BKIFOYAS BBICOTHBIA TPAJMCHT, CBOWCTBA IOYBHI,
BJIQXKHOCTh, TEMIIEPATypy U CBETOBOM pexkrM. MeXaHU3MBbI BIUSHUS SKOJIOTHYECKOW M3MEHYMBOCTH
Ha (QUTOXUMUYECKUN MpO(HIb OTpakeHbl B CTaThe HAa HAYYHOW OCHOBE. DTHU TOMYJSAIUHU, B
3aBUCHMOCTH OT DKOJOTHYECKUX YCIOBHM, OTpPaKAIOMUX KIUMaT M TMOYBEHHOE pa3zHooOpasne
peruoHa, MPETEePICBAIOT 3aKOHOMEPHBIE M3MEHEHHUS M PACIPOCTPAHSIOTCS 110 TEPPUTOPUN, UTPAs
BaXXHYIO POJIb B (JOPMHUPOBAHUH ATANTHUBHBIX BO3MOXKHOCTEH U (UTOXMMHUUYECKOTO pa3HOOOpa3us
BUJIa. YPOBHH TaHWHOB M (DEHONBHBIX KHCIOT B MOMYJSIUAX TpaHaTa 3HAYUTEIHHO BO3POCTH MPHU
neuIuTe a30Ta. ITO YBEIMUCHUE OTPAXKAaeT aJlalTaIldi0 PACTCHHS K METa0OJMYeCKOMY CTPECCY.
VBenuueHnue YpOBHEW AaHTOIMAHOB M OOmMX (DEHOJIOB B TOMYISIUSAX, COIPOBOMKTAFOIINXCS
e (UITUTOM BOJBI, OOBSICHSIETCS KOMITIEHCAIUEH OKUCIUTEIBHOTO CTPecca, BRI3BAHHOTO 3aCyXOH.
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Punica granatum L. is a rare woody plant species distributed in the northeastern part of the
Lesser Caucasus. It has been determined that pomegranate populations exist in the ecologically and
chemically diverse regions of the Lesser Caucasus and that these populations exhibit high
phytochemical variation in accordance with the variability of environmental factors. Natural
populations of pomegranate are found in some specially protected areas of the Lesser Caucasus, such
as the Goygol National Park, Korchay and Garayazi State Natural Reserves, and these populations
have been stably formed in various ecological conditions characterized by the microclimatic
differences of the region [1-3].

Its origin is Iran, Afghanistan, India, China, and also spreads to the Mediterranean countries
such as Spain from the west. Due to the adaptation of pomegranate trees to the changing climatic
conditions of Morocco, Egypt, Tunisia and Turkey, it is manifested in the wide spread of wild forms
throughout Eurasia. It is currently widely cultivated in subtropical and tropical areas in many
changing climates. Analysis of conditions in different countries, rapid development, and geographical
analysis show that pomegranate has the ability to adapt to a wide range of climates. Today, in addition
to being a fruit, pomegranate has many properties that are applied in various fields [4].

It has attracted the attention of many researchers in different countries in the food industry and
has conducted extensive research. Pomegranate trees grow in natural climatic conditions, can adapt
to a wide area, and various soil conditions. The trees are sensitive to poorly drained soils. Such
conditions reduce the quality of the product in them and the plant does not grow. In general, the best
soil for pomegranate growth in natural conditions is sandy-clay soils. The highest crop growth,
productivity and quality can be achieved in warm areas. In this case, the pomegranate tree is long-
lived. Pomegranate populations are of great strategic importance in preserving the genetic diversity
of the region, distinguished by a high variation of phytochemical components against the background
of variability of ecological conditions. These populations are mainly concentrated in landscapes on
the edges of forest-shrubs, on stony-gravel slopes and in sunny exposures. At the same time, these
pomegranate populations play an important role in ecosystem functions, support pollination and seed
dispersal, and also constitute a valuable resource for biotechnological and genetic research. With these
features, pomegranate populations in the northeastern zone of the Lesser Caucasus are of strategic
importance both in terms of biodiversity conservation and phytochemical resource assessment [5].

Material and methods

The study was conducted in the natural distribution zones of pomegranate (Punica granatum
L.) populations in the northeastern part of the Lesser Caucasus. These areas have different altitude,
soil composition, illumination, and microclimatic conditions, which create favorable conditions for
the analysis of ecological gradients. Healthy, mature, and productive pomegranate plants were
selected from natural populations. Samples were taken from at least 10 individual plants from each
population. Leaf, fruit, and stem fragments were collected for phytochemical analysis (Figure).

Samples were collected during the active phase of the vegetation period in summer and autumn.
The following ecological parameters were recorded in the area of distribution of populations. Altitude
was measured with a GPS device.

Soil properties — pH, texture, organic matter content and mineral elements were measured in
situ and determined by laboratory analyses. Samples were analyzed in the laboratory using the
following methods:
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Total phenols — determined by Folin-Ciocalteu method.
Flavonoids — pH-differential method and spectrophotometry.
Anthocyanins — quantified by pH-differential method and HPLC.
Tannins — vanillin-HCI method.

Organic acids — analyzed by HPLC and GC-MS methods.

Figure. Punica granatum L.

The relationships between ecological parameters and phytochemical components were assessed
using Pearson and Spearman correlation analyses. Analysis of variance (ANOVA) was applied to
identify phytochemical differences between populations, and multivariate statistical analyses,
including principal component analysis (PCA), were performed based on the phytochemical profiles
of the populations [6].

Discussion of the work

Punica granatum L. populations distributed in the northeastern part of the Lesser Caucasus
exhibit significant variation in terms of phytochemical composition. The synthesis of phytochemical
compounds in plants shows high sensitivity to environmental stress factors. Phenols, flavonoids,
anthocyanins and tannins are mainly components of defense reactions and reflect adaptation strategies
to environmental factors. The content of total phenols, flavonoids, anthocyanins, tannins and organic
acids is directly related to ecological differences in the distribution area of populations. Low
temperatures stimulate anthocyanin biosynthesis, which acts as a defense mechanism against cold
stress in plants [7].

Ecological factors, such as differences in soil composition, light, and humidity, significantly
affected the phytochemical profile of pomegranate depending on altitude. For example, increased
light at high altitudes led to an increase in the content of anthocyanins and flavonoids. This result
suggests that the adaptation mechanism of pomegranate to environmental stresses is related to the
activation of the phenylpropanoid biosynthesis pathway. High temperatures induce oxidative stress,
which is a plant defense mechanism that increases the amount of phenols and flavonoids. The increase
in temperature amplitude causes the activation of the phenylpropanoid biosynthesis pathway, which
results in an increase in the amount of phenols and flavonoids. At the same time, the results of soil
pH and mineral elements showed statistically significant differences between populations, affecting
the levels of tannins and organic acids, reflecting the adaptation potential of plants to different soil
conditions [8].
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Phytochemical differences between populations were shown by ANOVA (p<0.05). These
differences were mainly related to environmental variability, microclimatic characteristics and soil
chemical composition. PCA analysis grouped populations based on their phytochemical profiles and
revealed that altitude, light and soil characteristics played a role as principal components. This clearly
demonstrates the ecological plasticity and adaptive responses of the species. The phytochemical
variation observed during the study may be related to the adjustment of defense mechanisms of
pomegranate populations in response to environmental stresses. Stress factors such as drought, high
light and low soil moisture increase the amount of anthocyanins, flavonoids and phenols, thereby
enhancing the defense function against oxidative stress. Increased light intensity stimulates the
accumulation of anthocyanins, which is explained by the strengthening of the photoprotective
function. These results are consistent with similar studies conducted in other tropical and subtropical
regions [9].

The formation of the phytochemical composition of populations depending on ecological
variability is of strategic importance for both the protection of biodiversity and the identification of
valuable resources from a biotechnological point of view. Wild pomegranate populations can be
evaluated as a genetic resource both in terms of seed resources and phytochemical components.

Results

The study shows that Punica granatum L. populations in the northeastern zone of the Lesser
Caucasus exhibit high phytochemical variation against the background of environmental variability.
This variation plays an important role in maintaining the genetic diversity of populations and ensuring
the plant’s ability to adapt to environmental stresses. The main phytochemical components in
populations — total phenols, flavonoids, anthocyanins, tannins, and organic acids — vary in accordance
with the variability of environmental factors.

Temperature, illumination, soil pH, and the level of mineral elements have a significant impact
on the amount of these components. High altitude and illumination stimulate anthocyanin and
flavonoid biosynthesis, which enhances the plant’s photoprotection and defense mechanism against
oxidative stress. Low temperature, on the other hand, increases anthocyanin accumulation, providing
adaptation to cold stress. ANOVA and PCA results showed that phytochemical profiles among
populations are related to ecological differences.

This clearly confirms the ecological plasticity and adaptive responses of pomegranate. Wild
pomegranate populations can be evaluated as a strategically important resource for both biodiversity
conservation and biotechnological and genetic research. The richness and variation of their
phytochemical components, as well as their ability to adapt to environmental stresses, create a
potential basis for species conservation and future research.
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