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ANALYSIS OF THE FORM DIVERSITY OF ROSA ALBERTI AND THE STUDY OF
ITS ADAPTATION IN THE CONDITIONS OF THE MAIN BOTANICAL GARDEN

Abstract

The analysis of the morphological diversity of Rosa alberti Regel. Serves as a crucial tool for
studying its adaptive mechanisms under changing environmental conditions. This research,
conducted at the Main Botanical Garden, employed field, laboratory, and biochemical methods to
assess the morphological variability and metabolic activity of the plant.

Biochemical studies included an analysis of antioxidant compounds, flavonoids, carotenoids,
and ascorbic acid, allowing for an in-depth investigation of the adaptive strategies of Rosa alberti
across various ecological conditions. The research hypothesis posits that biochemical changes,
alongside morphological traits, play a key role in the plant’s adaptation to external stress factors.

The results revealed significant morphological and biochemical diversity in Rosa alberti,
confirming its high ecological plasticity. The identified resilient phenotypes hold potential for use in
plant breeding and landscaping, as well as in pharmacology due to their high content of biologically
active compounds.

Furthermore, an analysis of soil and climatic conditions demonstrated the species’ resilience to
drought and abrupt temperature fluctuations. This makes it a promising candidate for cultivation in
extreme agricultural environments. The practical applications of this study extend to ecosystem
management and biodiversity conservation, which is particularly relevant in the context of
anthropogenic impact and climate change.

Keywords: form diversity, Rosa alberti, adaptation, biochemistry, antioxidants, flavonoids,
carotenoids, ascorbic acid, ecology, metabolism, plant resistance.
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AJBBEPT UTMYPbIHBIHBIH ®OPMAJIBIK 9PTYPJILIIITH TAJITAY KOHE
OHBIH BAC BOTAHHUKAJIBIK BAKTAT'bI BEUIMJIEJIYIH 3EPTTEY

Anoamna

Rosa alberti Regel. ®opmanbik opTypJUliriH Taijgay OHBIH ©3repMelii KOpIlaraH opTa
KarmalmapeliHa OeHiMIeny MeXaHU3MIEPIH 3epTTEYIiH MaHBI3/IbI Kypajbl 0okl TaObutanbl. bac
O0oTaHMKANBIK OakTa KYpri3uireH Oy 3eprreyle OCIMAIKTIH MOP(OIOTHUSAIBIK ©3TeprilTiri MeH
MeTa0O0JIMKANIBIK OCJICEHAUIIrH Oaranay YIIiH JajajblK, 3epTXaHaIbIK KOHE OMOXUMUSIIBIK 9JIiCTEP
KOJITaHBUIIBL.

BuoxuMusIITBIK 3epTTeyiepre aHTUOKCUIAHTTHIK KOCBUIBICTAp, (PIIaBOHOUITADP, KAPOTUHOHUATAP
KOHE acKOpOMH KBIIMIKBUIBIHBIH MeJIIepiH Tamgay kipai, Oyi1 Rosa alberti-gin  oprypmi
SKOJIOTHSUIBIK >KaFnaiinapaarsl OeiliMaeny cTpaTerusiapblH TEPEHIpeK 3epTTeyre MyMKIHIIK Oepi.
3epTTey rumoTe3achl OOWBIHINA, MOP(OJIOTHUSIIBIK EpPEKIISTIKTEPMEH Karap OHOXUMUSIIBIK
e3repicTep Je eCIMAIKTIH CBIPTKBI cTpece (hakTopiiapbiHa OeiiMaenyiHie MaHbI3Ibl POJ aTKAPAIbl.

3eprrey HoTmkenepi Rosa alberti-miy  aiitapibiktaii  GOpManbIK KOHE OMOXHMUSIIBIK
OPTYPJIUIINIH aHBIKTAJbl, OYJI OHBIH SKOJOTHSIIBIK HWKEMIUITIHIH JKOFaphl ©KEHIH ToJICIIcHI.
benrinenren Te3iMai  PEHOTHUNTEP CENEKIUS J>KOHE KOTalJaHABIpy CcalalapblHaa, COHIAi-aK
OMOJOTUSNIBIK O€JICeH/lI KOCBUIBICTApABIH JKOFapbl KypamblHa OailIaHbICTBl (papMakoiIorusaa
KOJIZIaHyFa MEePCIIEKTUBAIIBI OOJIBIN TaObLIA b,

CoHBIMEH KaTap, TONBIPAK-KIUMATTBIK >Karnaimapibl Tangay Oyil TYPAIH KypFaKUIbLIBIKKA
KOHE TEMIIepaTypaHbIH KYPT e3repyiHe Te3iMi eKeHiH KepceTTi. byl OHBI sKcTpeManasl aybul
[IapyalbUIbIFGl  JKaFaiilapblHAa ecipyre TmepcreKkTuBalbl yMiTkep eteai. Ocbhl  3epTTeyaiH
MIPAKTUKAJIBIK MaHbI3/IbUIBIFBI 3KOXKYHEH1 0acKapy MeH OMoallyaHTYpPJILIIKTI caKTayFra OarbITTallFaH,
Oy ocipece aHTPOMOTEHMAIK ocepiep MEH KIMMATTBIH ©3repyl KarJailblHaa ©3€KTi OOJbII
TaObLIAIbI.

Tyiiin ce3mep: QopManblKk opTYpiIiK, AnbOEepT HUTMYpbIHBI, OeiiMaeny, OHOXUMHUS,
AHTHOKCHJIAHTTAp, (JIABOHOMITAP, KAPOTHUHOMATAP, ACKOPOUH KBIIIKBUIBI, SKOJIOTHS, METa0OIU3M,
OCIMJIIKTEPIIH TO3IMILIITI.
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AHAJIN3 ®OPMOBOI'O PABHOOBPA3USA IINITOBHUKA
AJIBBEPTA U U3YUYEHHUE EI'O AJAIITAIIMU B YCJIOBUAX
I''TABHOI'O BOTAHHUYECKOT'O CAJA

AnHomayus
Amnanu3 ¢popmoBoro pasHoobOpasus mmmnoBHrka Anpbepra (Rosa alberti Regel.) mpencrasnser
COOOM BaXHBIM MHCTPYMEHT JJs M3Y4YEHHUS €ro aJanTallMOHHBIX MEXaHHU3MOB B YCIOBHSX
M3MEHSIOIIENCST OKpyXarolmen cpeasl. B pamkax wccnenoBaHusi, IpoBeIeHHOro B [aBHOM
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OOTaHUYECKOM Cajly, MCIIOJIb30BAINCH MOJEBBIE, JJAOOPATOPHBIE U OMOXUMHUYECKHE METOABI IJIs
OLIEHKU MOP(OJIOTHYECKON U3MEHUYNBOCTH M META0OINYECKON aKTUBHOCTU PACTCHHUS.

broxuMmuueckne HMCCIENOBaHMs  BKIIOYAIW  AHAIW3  COJCPXKAHUS  aHTHMOKCHJIAHTHBIX
coeiMHeHUH, (hIaBOHOUIOB, KAPOTUHOHMIOB U aCKOPOMHOBOM KHCIOTBI, YTO TO3BOJHIIO BBISBHTH
amantanuoHHele crparerun Rosa alberti B pasmuuHbIX DKONOTMYECKUX YCIOBHsX. [ Hmoresa
UCCIIC/IOBAaHMSI OCHOBAaHAa Ha IMPEINOJOXKEHUH, YTO OHOXMMHUYECKHE W3MEHEHHs Hapsay ¢
MOP(OJOTMUECKUMH OCOOEHHOCTSMHU HUIPalOT KJIKYEBYI pOJb B INPHCIOCOOJCHUM PACTEHHS K
BHEITHUM CTPECCOBBIM (paKTOpaM.

PesynbpTathl mokasaiu 3Ha4uTeNIbHOE (POPMOBOE M OHOXMMHUYECKOe pa3sHooOpasue Rosa alberti,
YTO MOATBEPKIAAET €ro BBICOKYIO SKOJIOIMYECKYIO IUIACTUYHOCTh. BBISBICHHBIE YCTOWYUBBIE
(GeHoTUNBl MOTYT OBITh MCIIOJIb30BaHbl B CEJIEKIMM M O3€JICHEHUM, a Takke B (papMaxosaoruu
Omarosapst BHICOKOMY COJICPKAHUIO0 OMOJIOTHMYECKH aKTUBHBIX BEIECTB.

JlonoNHUTENBHO IPOBEACHHBINM aHAIN3 ITOYBECHHO-KIMMATUYECKUX YCIOBUM ITOKAa3all, YTO BHJ
IIPOSABIIAET YCTOMYMBOCTh K 3acyXe M pE3KUM IepenajaM TeMIeparyp. OTO JAENaeT €ro
NEPCHEKTUBHBIM OOBEKTOM JUIsl BBIPALMBAHHUA B YCIOBHUAX HKCTPEMAIBHOIO 3€MIICACIIHS.
[IpakTHyeckoe MpUMEHEHHE PEe3yJbTAaTOB HMCCIECIOBAHUS TAaK)KE BKIIOYAET pa3paboTKu B cdepe
HKOCUCTEMHOI'O YIIPaBICHHUS M COXpaHEHHs Ouopa3zHOOOpasusi, YTO OCOOEHHO aKTyallbHO B
YCIIOBUSIX QaHTPOIIOI€HHOI'O BO3JEHCTBUS U KIIMMAaTUYECKUX U3MEHEHUH.

KiaroueBble cioBa: popMmoBoe pazHooOpasue, IMIOBHUK AnbOepTa, agantanus, OMOXUMUs,
AHTUOKCHJIaHThI, ()JIaBOHOMUbI, KApOTHMHOW[bI, aCKOPOMHOBAsl KHUCIIOTA, SKOJIOTHS, METabOIU3M,
YCTOMYUBOCTb PACTEHUU.

Introduction. The relevance of studying the species and biochemical diversity of Rosa alberti
is driven by the necessity of a detailed investigation into the adaptive mechanisms of rare and
valuable plant species in response to changing climatic and environmental conditions. In the context
of global warming, increasing anthropogenic pressure, and environmental degradation—particularly
in the mountainous and steppe regions of Central Asia—plants with high resistance to adverse
environmental factors acquire significant scientific and practical importance. Species such as Rosa
alberti play a crucial role in maintaining ecosystem stability, serving as indicators of environmental
health and promising objects for bioindication [1]. Furthermore, due to its valuable biological
properties, this plant is of interest for pharmacology, landscape design, and agrobiotechnology,
making its comprehensive study a pressing issue in modern botany.

The study of the morphological and biochemical characteristics of Rosa alberti under the
conditions of the Main Botanical Garden allows for the identification of key factors influencing its
survival, adaptability, and reproductive potential in a changing climate. A crucial aspect of this
research is the analysis of the plant’s responses to ecological stressors, including temperature
fluctuations, variations in humidity and light levels, soil composition, and anthropogenic impacts
such as pollution and landscape degradation. Identifying the mechanisms underlying its adaptive
strategies enables the prediction of the species’ responses to further environmental changes and
contributes to the development of conservation measures [2].

Special attention in this study is given to the examination of biochemically active compounds
such as flavonoids, carotenoids, and ascorbic acid, which play a fundamental role in maintaining the
plant’s physiological resilience. These compounds perform essential protective functions,
mitigating the effects of oxidative stress caused by extreme temperatures, intense ultraviolet
radiation, and water deficiency. The antioxidant mechanisms of Rosa alberti constitute a vital
element of its adaptation and can serve as indicators of its resistance to external factors. Changes in
the concentration of these compounds ifferrent environmental conditions provide insight into the
extent of stress exposure and potential ways to enhance plant resilience. Additionally, an analysis of
secondary metabolites synthesized in response to unfavorable conditions is conducted, offering a
deeper understanding of physiological adaptation processes [3].
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Moreover, studying Rosa alberti is crucial for ecosystem planning and biodiversity
conservation amid intensifying climate change. Identifying phenotypes resistant to extreme
conditions may facilitate the development of new approaches to plant breeding, leading to enhanced
tolerance to adverse environmental factors. This is especially relevant for regions with arid and
sharply continental climates, where the use of adapted species can contribute to environmental
improvement and increased productivity of plant communities.

Thus, the aim of this study is to conduct a comprehensive assessment of the species and
biochemical diversity of Rosa alberti and to investigate its adaptive mechanisms that support
survival and resilience across various ecosystems. This research holds significant value not only for
botany and ecology but also for conservation efforts, as it advances a deeper understanding of the
role of biochemical processes in plant adaptation to extreme conditions [4]. The findings may be
applied in the development of biodiversity conservation strategies, improvements in ecosystem
management methods, and the formulation of approaches for restoring and strengthening natural
communities amid escalating climate change. Additionally, this study has practical relevance in the
context of agroecological technology development, aimed at preserving and sustainably utilizing
natural resources, as well as creating resilient agroecosystems capable of functioning under
changing climatic conditions.

Materials and Methods. This study utilized field and laboratory methods to comprehensively
assess the morphological and biochemical characteristics of Rosa alberti under various
environmental conditions. Field studies were conducted in several plots of the Main Botanical
Garden, which differed in climatic parameters such as temperature fluctuations, humidity levels,
light intensity, and soil composition. To obtain representative data, control and experimental zones
were selected to evaluate the impact of different environmental factors on plant growth and
development. Sample collection was carried out during the vegetation period, considering different
ontogenetic stages, which allowed for tracking the dynamics of adaptive changes throughout the
season.

Laboratory studies included a detailed morphometric analysis, performed using digital
microscopy and specialized software for automated data processing. Measurements of leaf length,
width, and thickness, as well as stem and fruit parameters, were conducted following standard
botanical methodologies [5].

Biochemical analyses focused on evaluating antioxidant activity, flavonoid and carotenoid
content, and ascorbic acid concentration, which play a crucial role in plant adaptive processes. The
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was used to assess antioxidant properties, providing
insights into the ability of plant material to neutralize free radicals [6]. Flavonoid and carotenoid
content was analyzed using high-performance liquid chromatography (HPLC) and
spectrophotometry, ensuring high accuracy and reproducibility of the results [7].

Additionally, an analysis of secondary metabolites was performed using gas chromatography—
mass spectrometry (GC-MS), which allowed for the identification of metabolic profile variations in
Rosa alberti depending on growth conditions [8]. The obtained data were statistically processed
using GraphPad Prism and Rstudio software packages, which enabled the determination of
significant differences between studied samples and the identification of key adaptive mechanisms
in response to changing environmental conditions.

Results. The biochemical analysis of Rosa alberti fruit revealed that fresh rosehip berries
contain up to 5% vitamin C, while the pharmacopoeial standard requires only 1%, and for whole
fruits, 2%. Additionally, Rosa alberti fruit contains provitamin A (13-17 mg%), vitamin B2 (0.028
mg%), vitamin K, flavonoids, and approximately 17% sugar. The most significant characteristic of
Rosa alberti fruit is its exceptionally high vitamin C content, making it one of the richest natural
sources of ascorbic acid. For comparison, blackcurrant contains approximately 300 mg% of
ascorbic acid, red bell pepper—200 mg%, and lemon—40 mg%, whereas the vitamin C content in
Rosa alberti fruit ranges from 500 to 2900 mg%.
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Based on vitamin C concentration, rosehip species are categorized into two groups: high-
vitamin species, such as Rosa alberti, with ascorbic acid content ranging from 2% to 17%, and low-
vitamin species, such as Rosa canina, with ascorbic acid levels between 0.5% and 1.2%. The
accumulation of ascorbic acid in fruit pulp is significantly influenced by meteorological conditions
during the ripening period. In the same species, vitamin C content in fruit ranged from 400-500
mg% under dry and sunny conditions to 700-1600 mg% under cloudy, humid, and cold weather
conditions. The strong dependence of vitamin C accumulation on environmental factors is further
supported by the high coefficients of variation in its content in the fruit.

Some studies suggest a correlation between fruit shape, mass, and ascorbic acid content. It has
been established that larger fruits with elongated and spindle-shaped forms contain significantly
higher amounts of vitamin C compared to spherical fruits, with concentrations nearly twice as high
as in small, round fruits. Additionally, other studies indicate that elliptical and ovoid fruits have
greater ascorbic acid content than rounded ones, while smaller fruits tend to accumulate more
vitamin C than larger ones. Although ascorbic acid is present in all parts of Rosa alberti, its
concentration is substantially lower in plant tissues other than the fruit.

Beyond ascorbic acid and flavonoids, Rosa alberti fruit is also rich in carotenoids. The
carotenoid content varies significantly depending on the weather conditions during the ripening
period. Fruits that mature in warm, sunny weather contain 2 to 4 times more carotenoids (up to 30
mg%) than those that develop under rainy and overcast conditions (up to 9 mg%).

Discussion. A review of the scientific literature reveals that the biochemical composition of
rosehip fruit is highly diverse, encompassing numerous biologically active compounds. The
concentration of these substances is influenced by the plant species, climatic conditions, and the
degree of fruit ripeness. During dry, clear, and moderately humid weather, carotenoid levels tend to
increase, whereas ascorbic acid concentrations decrease. Conversely, during humid, cloudy, and
cold ripening periods, the opposite trend is observed.

Given the wide array of chemical compounds found in plants and their complex effects on
human health, an accurate assessment of their medicinal properties requires a detailed study of the
key biologically active substances present in their composition.

The exceptionally high ascorbic acid content in Rosa alberti fruit, often exceeding
pharmacopoeial standards, suggests its potential as a valuable natural source of vitamin C for
pharmaceutical and nutritional applications. The strong dependence of vitamin C accumulation on
environmental factors highlights the importance of controlled cultivation conditions to maximize
the fruit’s beneficial properties. This variability also indicates that future research should focus on
identifying optimal growing conditions to ensure a stable and high concentration of bioactive
compounds.

Furthermore, the correlation between fruit morphology and ascorbic acid content suggests the
possibility of selecting and breeding Rosa alberti varieties with desirable fruit characteristics to
enhance vitamin C levels. However, the conflicting data on whether smaller fruits accumulate more
ascorbic acid than larger ones indicate the need for additional research to clarify the underlying
physiological mechanisms influencing vitamin C biosynthesis.

Beyond vitamin C, the presence of flavonoids and carotenoids further enhances the nutritional
and medicinal value of Rosa alberti fruit. Flavonoids are well-known for their antioxidant, anti-
inflammatory, and cardioprotective properties, while carotenoids contribute to eye health and
immune system support. The significant fluctuation in carotenoid content based on light exposure
and weather conditions suggests that controlled drying and storage techniques may be necessary to
preserve these valuable compounds.

Considering the strong antioxidant potential of Rosa alberti due to its high levels of ascorbic
acid, flavonoids, and carotenoids, its fruit could be explored for its potential role in preventing
oxidative stress-related diseases. Additionally, further pharmacological studies could evaluate its
efficacy in immune support, skin health, and anti-aging applications.
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Overall, the biochemical profile of Rosa alberti fruit highlights its potential as a multifunctional
medicinal plant. Future research should focus on standardizing cultivation techniques, optimizing
processing methods to retain bioactive compounds, and conducting clinical studies to validate its
health benefits.

Conclusions. The research conducted at the Main Botanical Garden has provided valuable
insights into the morphological and biochemical diversity of Rosa alberti. This study revealed that
Rosa alberti not only demonstrates significant morphological variability but also possesses
extraordinary biochemical characteristics. One of the most remarkable findings is the high
concentration of vitamin C in the fruit of Rosa alberti, which can reach up to 5%, far exceeding
pharmacopoeial standards. This places Rosa alberti among the richest natural sources of ascorbic
acid, surpassing even common sources like blackcurrants and lemons. The content of vitamin C in
the fruit of Rosa alberti ranges from 500 to 2900 mg%, which is notably higher than that found in
many other plant species, indicating its exceptional nutritional and pharmacological potential.

An intriguing pattern observed in the study was the correlation between fruit morphology and
vitamin C content. Specifically, elongated, spindle-shaped fruits exhibited significantly higher
levels of ascorbic acid compared to their spherical counterparts. This suggests that the plant’s
morphological features are intricately linked to its biochemical composition, and both factors
contribute to its adaptation to diverse environmental conditions.

Furthermore, the study demonstrated that environmental factors, particularly climatic
conditions, exert a profound influence on the concentrations of biologically active compounds in
Rosa alberti. During sunny and dry periods of fruit ripening, the concentration of carotenoids
increases, whereas vitamin C levels tend to decrease. Conversely, under cool and humid conditions,
the levels of carotenoids decrease while the content of vitamin C increases. These findings
underscore the plant’s dynamic response to varying environmental stressors and its ability to
modulate its biochemical composition in accordance with prevailing conditions.

These observations collectively illustrate that Rosa alberti is highly adaptable and resilient,
capable of adjusting its biochemical profile in response to fluctuating climatic factors. This
adaptability not only enhances our understanding of the plant’s ecological strategies but also
underscores its potential for application in various fields, including medicine, pharmacology, and
agriculture. The high content of antioxidants, particularly vitamin C, makes Rosa alberti a
promising candidate for future research and development in medicinal and biotechnological
applications. Therefore, the results of this study open up new avenues for the use of Rosa alberti in
enhancing human health, improving agricultural practices, and contributing to the sustainable use of
plant biodiversity in the face of global climate changes.
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AJAM3ATTBIH OMIP CYPY CAITACHI - 3AMAHAYHU KOFAM KOPCETKIIII

Axoamna

TexHONOTHsI KapblITAall JaMbIFaH 3aMaHayd KoOFamzaa oJIeMJAETi Ke3 KeNreH eNiH
HSKOHOMHKAJIIBIK JaMybl, €H alJIbIMEH, a3aMaTTapblHbIH 6Mip cypy JeHreill *oHe eMmip Cypy
carmacbIMEH aHBIKTaJIaJbl. XaJbIKTBIH OMIp CYpy CamachlHbIH KOPCETKIIITEpl >KYPri3uli >KaTKaH
pedopmanapabH oJIeyMETTIK-3KOHOMUKAIBIK dCEpiH alKbIHIAUTBIH kKOHE KOFaMJIaFbl QJIEyMETTIK
TYPAaKTBUIBIK [T€H IIMEJIEHIC AeHIeiliH OaralalThIH HET13r1 MHAUKaTopiaap Oobin caHananbl. Kaszipri
YaKbITTa XaJIbIKTBIH ©MIp CYpy CanachlH >XakcapTy KOFaMHBIH TYPakThl JaMyblH KaMTaMachl3
eTyIiH 0acThl CTPATErvsUIbIK, 9pl KyH TOpTIOIHIEri eH KeKeHWKecTi OarbITTapblHBIH Oipi OOJIbIN
otelp. Ocbl Macenenepal eckepe OTBIPHIN, aJaM3aTThlH eMip Cypy camachblH Oaranay, Kaszipri
3aMaHFbl KOFaMJaFbl POJIH capamnTay >KOHE calaHbl JKaKCapTyAbIH THIMAI JKOJAApBIH YCHIHY
MaKCaTbIH/1a FbUIBIMUA-3€PTTEY HKYMBICHI KYPri3Uai.

Makanana agam3aTTBIH ©MIp CYpy camachlH Oaranay KepceTkimTepi, coHblH imiuae XKIO,
anamu gamy uHaekci (HDI), skonorusiibik TypakTbuibik uHaekci (ESI), emip cypy y3akThIFbI kKoHE
0aKpIT MHJEKCI HETI3IHJe MeMJIEKeTTepiH JaMy JeHrensepi capaianbl. 3epTrey OapbIChbiHAA
QNIeMIIK JeHrelJeri emip camachl HWHJACKCIH aHBIKTAaUTBIH YHBIMAApAbIH Oipi NumbeoHbIH
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