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Abstract 
 

Comprehensive studies of plant communities are essential for preserving rare and valuable species that are diminishing in 
number. Currently, there is an increasing demand for robust methodologies to conduct population-level research in 
geobotany, ecological monitoring, and forestry. This article focuses on the rare plant species Hepatica falconeri, Ranunculus 
polyanthemus L., Ranunculus oxyspermus, and Ranunculus dilatatus, which belong to the Ranunculaceae family and are found 
in the Tien Shan Mountains of Kazakhstan, based on geobotanical research findings. We present a manual that integrates 
both traditional and modern techniques for studying environmental factors, biotopes, ectopes, phytocenoses, floral 
composition, and the condition of natural populations of endemic and medicinal plants. This includes methodologies for 
assessing the biomass reserves of rare, endemic, and medicinal species, as well as evaluating the state of juvenile plants, 
population density, and the anatomical, morphological, phytochemical, and molecular genetic characteristics of the studied 
taxa. These parameters are influenced by geographical variations, microclimatic conditions, and soil properties. This article 
serves as a comprehensive guide for researchers in the fields of geobotany, biodiversity, botany, biology, agriculture, and 
medicinal plant studies. Additionally, it provides actionable recommendations for developing effective strategies for the 
conservation, protection, and sustainable utilization of biodiversity. 
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1. Introduction 

Rare, endemic, and medicinal plants play a vital role in 

biodiversity and ecosystem balance, but they are often at risk 

due to habitat destruction, climate change, and overharvesting. 

To protect these plants, it is essential to understand their 

population, distribution, and environmental factors such as 

microclimate, soil properties, floral composition, and 

ecological interactions.[1] 
The study of rare, endemic, and medicinal plants is crucial 

for understanding biodiversity, ecological balance, and the 

potential therapeutic benefits of flora. These plants often play 

a significant role in maintaining ecosystem stability and 

supporting the health of various species, including humans. 

However, due to their limited distribution and specialized 

habitat requirements, they are particularly vulnerable to 

environmental changes and human activities. To ensure their 

conservation and sustainable use, it is essential to develop 

accurate methods for determining their population size, 

distribution patterns, and the ecological factors influencing 

their survival.[2-3] Scientific approaches such as remote sensing, 

ecological niche modeling, and population viability analysis 

have proven effective in studying these plants. For instance, 

remote sensing techniques enable researchers to monitor large 
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areas and detect changes in plant populations over time, while 

niche modeling helps predict the distribution of species under 

various environmental conditions. Additionally, assessing 

ecological factors such as soil composition, climate, and 

symbiotic relationships with other organisms allows scientists 

to gain insights into the specific requirements of these plants.[4] 

By integrating these methodologies, researchers can propose 

effective conservation strategies to protect rare, endemic, and 

medicinal plants, ensuring their survival in the face of 

environmental pressures and growing demand for natural 

resources.[5]  

Geobotanical surveys were conducted in three stages: 

preparatory, field, and office.[6] During the preparatory phase, 

we gathered available archival, literary, and cartographic 

materials to assess the current understanding of the natural 

conditions in the study area.[7] 

In the field phase, geobotanical surveys were performed at 

a scale of 1:50,000 using a route method with a 1 km interval 

between route turns. Vegetation mapping was conducted, and 

geobotanical contours were overlaid on a topographic base. 

Plant communities were described and classified into specific 

types of forage land, defined as areas (hayfields or pastures) 

with similar species composition, structure, and dynamic 

properties linked to particular habitat conditions such as relief 

and soil types. Vegetation altered by human activity was 

categorized as modified types of forage land.[8]  

The geobotanical description form included details such as 

the community name, relief, soil types, moisture conditions, 

percentage of ground cover by plants, height, phenophase, and 

plant vitality. Contours were drawn to encompass areas with 

homogeneous vegetation, typically representing one type of 

forage land, though multiple types were often included when 

they could not be distinctly separated at this scale.[9,10]  

Simultaneously, we assessed the yield of forage lands by 

mowing four 1 m² plots. Herbaceous plants were cut at a 

height of 1-3 cm, tall grasses at 4-6 cm, and the current year's 

growth was trimmed or broken off from subshrubs. 

For instance, given that Hepatica falconeri (H. falconeri) 

is a rare and poorly understood species, we focused 

particularly on studying its morphological characteristics. To 

achieve this, we measured both generative and vegetative 

traits, collecting data from 50-100 specimens at each site. We 

established a 10-meter transect to assess the juvenile status of 

plants within each 1 m² plot, as well as to determine the 

frequency of occurrence of the species. Additionally, we 

gathered data on the morphological variability of flowers and 

fruits, again sampling 50-100 specimens at each location.[11]   

To determine the yield of shrub pastures, we employed the 

model bush method. On a 100 m² transect, all specimens of the 

target species were counted. Then, the current year's growth 

was pruned from the most typical (model) bushes, and the air-

dry mass was measured. The yield of the bushes was 

subsequently calculated based on the number of specimens.[12-

14]  

When assessing yield, both the gross mass (including 

inedible plants) and the forage mass (consumed by at least one 

type of livestock) were recorded in centners per hectare of dry 

mass. We also calculated the shrinkage coefficient to convert 

dry mass into wet mass. For this purpose, once a decade, cut 

plants were sorted by species or groups and weighed in their 

raw form.[15-18]  

To determine the yield in dry weight, the cut plants were 

dried to a brittle state before weighing. All data on the yield of 

individual plants and their groups in both wet and dry weight 

were documented in vegetation description forms, with yields 

calculated in centners per hectare.[19-21]  

A working contour sheet recorded all geobotanical 

contours identified and plotted on the map, and a diary was 

maintained throughout the survey. When identifying the 

floristic composition of the area, plant species with uncertain 

names were collected for the herbarium to clarify during the 

office processing period. 

The office phase of processing the field geobotanical 

survey materials involved several key tasks: 

• Analyzing materials on floristic composition 

• Compiling a final typological list and creating a legend 

• Calculating pasture yields and areas 

• Estimating forage reserves 

• Preparing a contour sheet for the map of natural forage 

lands 

• Assessing pasture quality based on productivity and 

nutritional value 

• Creating a geobotanical map of natural forage lands 

• Compiling a cartogram of the cultural and technical 

condition with recommendations for the rational use of 

natural forage lands 

• Writing a comprehensive report 

The map and cartogram maintained the topographic base 

and boundaries of the contours highlighted on the field map, 

with contour colors representing the prevailing vegetation. 

The typological composition of the contours was indicated in 

a formula format, where the numerator displayed the serial 

number of the type (or subtype/modification) according to the 

legend, along with the percentage of the occupied area, while 

the denominator showed the contour number and the yield of 

forage lands for the recommended season of use.[22] 

The cartogram illustrated the recommended seasonality of 

pasture use through color coding, with black and red icons 

indicating the degree of manifestation of various types of 

cultural and technical conditions, along with 

recommendations for rational usage. In the contours of the 
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cartogram, the numerator of the fraction indicated the contour 

area and the calculated forage reserve of dry matter, while the 

denominator represented the contour number.[23,24]  

 

2. Materials and methods 

The following scientific databases were searched: PubMed, 

Scopus, Web of Science, ScienceDirect, Google Scholar, 

Springer, and Wiley using the following MeSH terms: 

“geobotanical research,” “ecological monitoring,” “forestry,” 

“environmental factors,” “biotopes,” “ectopes,” “population 

density,” “characteristics/ anatomical, morphological, 

phytochemical, and molecular genetics,” “endemic,” 

“medicinal plants,” “microclimatic conditions,” “soil 

properties,” and “biodiversity”, “Field Survey Methods”, 

“Geographic Information Systems (GIS)” and “population and 

distribution”. 

Inclusion requirements: (i) Relevant work on modern 

research and traditional uses, proposing methods for 

determining the population, distribution, and ecological 

factors of rare, endemic, and medicinal plants; (ii) Research 

addressing abiotic, biotic, and anthropogenic factors, along 

with their potential mechanisms of influence on plants; (iii) 

English, Kazakh, Russian -language papers. Exclusion criteria 

include (i) duplicate and incomplete information, (ii) abstracts, 

(iii) letters to the editor, and (iv) experiments employing 

linked homeopathic medications. The plant's chemical 

components were discovered, and Chem Spider and PubChem 

were used to confirm their IUPAC (International Union of 

Pure and Applied Chemistry.) designations, structural 

formulas, and chemical formulas. According to WFO (World 

Flora Online), the plant's taxonomy has been verified. 

The purpose of the present study is to provide thorough 

methodological guidance for performing geobotanical 

research on uncommon, endemic, and medicinal plants, with 

a particular emphasis on the Ranunculaceae family. It intends 

to provide researchers with a systematic strategy to examine 

the distribution, population dynamics, and ecological factors 

that influence these plants, as well as their traditional and 

modern applications. The purpose of this article is to highlight 

major research methodologies for understanding the abiotic, 

biotic, and anthropogenic elements that influence plant species, 

with the ultimate goal of contributing to the conservation and 

sustainable management of these rich plant resources. 

 

3. History of geobotanical research 

Geobotany (from the Greek geo-earth and botanicals related 

to plants) is the science of the composition, structure, 

productivity, use, and change of plants and their communities 

on the earth's surface. The main goal of this subject is to study 

the structure of plant communities and their changes in space 

over a certain period of time under the influence of factors 

related to nature and human activities. The term "geobotany" 

was introduced to science in 1866 by the unrelated F. N. 

Ruprecht (Russia) and A. Introduced by Griesebach 

(Germany). F. N.[25,26] According to Ruprecht, geobotany is the 

science of the relationship of plant cover with the physical 

geographical environment, first of all with the soil. In the 1st 

half of the 20th century, there were views that considered 

geobotany and phytocenology from the point of view of 

synonyms (Alekhin, Shennikov),[27] or that geobotany should 

be understood as a discipline consisting of the union of 

botanical geography and phytocenology (Sukachev, 

Sochava).[28] Phytocenology as a science was formed in the 

USSR, mainly in the first 30 years of the 20th century. In the 

USSR, there were two centers that laid the foundation for the 

main concepts of phytocenology. Leningrad (Botany Institute 

and Leningrad University scientific supervisors academician 

V. N. Sukachev and professor A. P. Shennikov) and Moscow 

University (scientific supervisor V. V. Alekhin).[29] 

V. N. Sukachev (1935) explains phytocenosis as a set of 

plants interacting with each other and with the environment 

(soil, air, light, temperature, etc. surrounding the organism). 

Therefore, according to Sukachev, the main features of 

phytocenoses are the interaction of plants with each other and 

the presence of interaction between plants and the 

environment.[30] 

B. A. Bykov (1978) gives the following definition of 

phytocenosis: "Phytocenosis is a stable, self-regulating form 

of coexistence of organisms in the environment created by 

them." In short, it is a form of permanent coexistence of 

organisms.[31] 

B. M. According to Mirkin (1986), phytocenosis is a set of 

populations of autotrophic plants due to the similarity of their 

relationship to the environment.[32] 

 

4. Population and distribution analysis 

The study of the spatial structure of plants and their 

supraorganismal systems (populations and phytocenoses) 

represents a complex and important area of ecology, grounded 

in biological, ecological, and mathematical methods. Central 

to this study is the examination of morphogenesis and 

ontogenesis across different life forms of plants.[33] 

The spatial structure of populations refers to the 

distribution of individual specimens and their groups in space. 

Typically, individuals within a species’ range and within 

separate populations are distributed unevenly. This 

distribution is influenced by external environmental 

conditions and the biological characteristics of the species and 

individuals in the population, particularly regarding 

reproductive strategies and vegetative mobility. While the 

spatial structure of populations in different habitats may vary, 

the inherent traits of the biomorph will shape the general 

patterns of distribution, leading to individuals growing in 

clusters sparsely or forming more complex structures.[34-36] 

The age structure is also crucial for understanding the 

spatial dynamics of a population. Each individual undergoes a 

specific sequence of ontogenetic stages characterized by 

unique features. As individuals mature, attributes such as size, 

number of metameres or shoots (both aboveground and 

underground), phytogenic field size, potential root nutrition 
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area, and crown diameter (in trees) increase. The efficiency of 

resource utilization and environmental adaptation improves, 

and in some cases, the life state or even the type of biomorph 

may change. For instance, many plant species can form clones 

or turfs or develop partial bushes as they reach adulthood, 

thereby altering their competitive potential.[37,38] 

Investigating the spatial structure of a coenopopulation 

reveals mechanisms behind changes in population density and 

age composition over time, as well as the interactions among 

species within a cenosis and at the boundaries of different 

phytocenoses. Additionally, analyzing the spatial-age 

structure provides insights into the relationships among 

individuals of different ontogenetic groups within a 

population.[38] 

The spatial structure is examined from two perspectives: 

functional and geometric. The functional aspect encompasses 

resource utilization and the effects of various environmental 

elements on the population. In contrast, the geometric aspect 

pertains to the spatial arrangement of individual elements 

within the coenopopulation, taking into account both vertical 

and horizontal placement, as well as the size and age (or 

ontogenetic state) of the individuals.[39-42] 

Cenopopulation (Greek koinos - general and population) is 

a set of individuals of one species within phytocenoses. 

Rabotnov (1945, 1950) introduced this concept to science. 

However, the term "cenopopulation" was introduced later 

(Petrovsky, 1961). A comprehensive study of the population 

composition of plant communities is the key to knowing its 

current condition, history, and development trends.[44] 

Phytocoenoses contain a large number of individuals of each 

type of plant. They are distinguished from each other by age, 

living conditions and location features. Individuals of the 

population are located differently in the phytocenosis (Fig. 1). 

As for accounting units in the study sites, researchers may 

select either whole individuals (morphological accounting 

units), particularly when generative plants are clearly 

delineated, or isolated shoots and partial bushes (phytocenotic 

accounting units) of vegetative origin. In population studies, 

the following morphometric parameters are commonly 

assessed: plant height, number of leaves (flowers, fruits, 

inflorescences, lateral branches), leaf area (of individual 

leaves), stem diameter, and total phytomass of the plant or 

specific organs (leaves, stems, roots). Additional factors may 

include growth rate, leaf surface formation rate, and duration 

of leaf formation. 

Analyzing these morphometric parameters allows for the 

establishment of age states in H. falconeri plants (see Fig. 1) 

and facilitates the identification of specific characteristics 

within a given cenopopulation.[43] 

These data indicate that cenopopulat ion 1 was 

characterized by a higher density of trees of each age state, 

which may indicate favorable environmental conditions for

 
Fig. 1 Periodization of ontogenesis of flowering plants H. falconeri qualitative features of age states. A. A. Uranov scheme was used 

to distinguish youth states: P - sprouts; J- juvenile trees; Im - immature; V - virginal and young vegetative; G1 - young generative; 

G2 - medium or mature generative; G3 - aged generative. 
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Table 1. Average density of individuals and range of variation of H. falconeri by age groups. 

Name Age groups Juvenile (j) Immature (i) Virginal (v)  Generative (g) 

Cenopopulation 1 

The average density 

of ind. 

Limits of oscillation 

4,5 

 

(2-7) 

4,2 

 

(2-6) 

4,5 

 

(2-7) 

3,6 

 

(3-5) 

Cenopopulation 2 

The average density 

of ind. 

Limits of oscillation 

3,6 

 

(0-5) 

2,6 

 

(0-4) 

2,9 

 

(0-5) 

1,7 

 

(0-4) 

the stable development of the population. In contrast, 

cenopopulation 2 exhibits a lower density of trees and a wider 

range of fluctuations, which may be due to less favorable 

environmental conditions for growth, for example, a limited 

area of rocky areas, lack of light, etc. Taking into account the 

density and age spectrum of cenopopulations is important for 

monitoring the state of H. falconeri populations. This allows 

us to identify the main environmental factors affecting the 

dynamics and stability of populations, as well as to develop 

measures for their protection in conditions of limited habitat. 
The age structure was studied in two coenpopulations located 

nearby but in different ecological communities. The first 

coenopopulation is situated on the left bank of the Taldy River, 

in a spruce forest on a rubble slope, within a forb-shrub 

community. The second coenopopulation is found on the right 

bank of the Taldy River, on a vertical cliff covered with green 

mosses, with higher plants represented by two species of 

bladder fern and hepatica. In the vicinity of the cliff, there are 

isolated trees and shrub thickets. The second coenopopulation, 

which is small and isolated, exists only on the cliff. Both 

coenpopulations are healthy and fully represented by all age 

groups. The average density of cenopopulation 1 is 16.9 

(ranging from 12 to 23), with 100% occurrence, while 

cenopopulation 2 has a density of 10.8 (ranging from 0 to 17) 

and 80% occurrence. In the age composition of 

cenopopulation 2, the proportion of juvenile individuals is 

high (33.3%), while the proportion of generative individuals 

is minimal (15.7%). In contrast, in cenopopulation 1, the 

majority of individuals are virginal (26.9%), and the 

proportion of generative individuals is also minimal (21.5%). 

Now, as shown above in Table 1, let's give a brief description 

of the living conditions of plants depending on their age: 

1. Sm - a group of independent organisms in the initial state of 

rest; 

2. Pl - assimilation of the first leaves and mixed nutrition due 

to substances in seeds; has a morphological connection with 

the seed; preservation of the fetal structure; cotyledon, first 

cotyledon shoot, root; 

3. I - the body structure is simple, signs and properties 

corresponding to adult-independent organisms are not formed: 

the forms and arrangement of leaves are different from those 

of adult plants, and growth branching is different. A shoot is 

kept in the cotyledon. The contact with the seed is broken and 

the seed coat is destroyed; 

4. Im - the presence of signs and properties corresponding to 

the transitional period between the juvenile period and the 

adult period; development of leaves, shoots, and roots 

corresponding to semi-adult plants; 

5. V - priority of leaves, shoots, and roots corresponding to 

adult plants; 

6. G1- further development of structures related to adult plants; 

emergence of generative shoots, growth and formation 

processes in the root and shoot systems increase, there are no 

signs of wilting or only the first signs; 

7. G2 - permanent emergence of a life form: high development 

of shoot and root systems due to the high productivity of the 

growth process; the emergence of generative shoots at the 

highest level, the balance of the processes of new formation 

and withering; 

8. G3 - simplification of life forms: sudden reduction of 

generative shoots; deterioration of growth and formation 

processes in shoot and root systems; priority of the process of 

withering over the process of new formation; 

9. Ss - further simplification of the life form: absence of 

generative shoots, increased branching ability, immature 

shoots appear again from enlarged buds; overriding the 

process of withering over the process of new formation; 

10. S - simplification of the life form until it reaches the limit: 

withered and dead parts of plants are collected, in independent 

organisms leaves appear in their juvenile state; the ability to 

form new buds is lost. 

11. Sc - no living shoots; dead parts of the plant prevail, very 

rarely swollen buds are found. 

Polycarpic plants can be divided into the above life states. 

Monocarpic plants have only one age-related state during the 

generative period, and the postgenerative period does not even 

exist. 

Additional biometric indicators, for example, 

biomorphological, anatomical, ecological and physiological 

characteristics, which provide quantitative description, can be 

used to describe the life states of plants depending on their age. 

For each coenopopulation of shrubs and herbaceous plants, we 

calculated four types of Ripley functions: a) based on the 

spatial distribution of individuals in the pregenerative state; b) 

based on the spatial distribution of individuals in the 

generative state; c) based on the spatial distribution of all 

individuals, without differentiating by age groups; and d) the 

cross-Ripley function, which examines the relative positions 

of pregenerative and generative individuals. This analysis 

encompassed coenopopulations growing in various 
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phytocenoses, different climatic conditions, and areas with 

distinct management practices and levels of anthropogenic 

impact. We conducted the most thorough analysis for species 

that primarily reproduce by seeds (tuber-forming) and certain 

tussock and short-rhizome species, where the size of an 

individual (genet) can be precisely determined. Further study 

is needed to determine the spatial distribution of long-rhizome 

and vegetatively mobile grass species.[45] 

Our research revealed several general patterns. The 

distribution of individuals in a coenopopulation by age states 

is termed the age spectrum or spectrum of age states. This 

spectrum can be represented as absolute numbers or 

percentages of the total population and illustrated through 

tables and histograms. Based on the ratio of age groups, we 

classify coenopopulations as invasive, normal, or regressive.[46] 

An invasive coenopopulation primarily consists of young 

(virginile) individuals and cannot sustain itself without 

external introductions. Its age spectrum histogram exhibits 

left-sided asymmetry. In contrast, normal coenopopulations, 

capable of self-sustaining through seed and/or vegetative 

reproduction, include individuals across all age states (a 

normal complete coenopopulation) or may lack individuals 

from specific age states (a normal incomplete 

coenopopulation). Incompleteness may result from external 

factors or the biological characteristics of the species. A 

regressive coenopopulation shows a higher proportion of 

subsenile and senile plants, with almost no virginile 

individuals, indicating an inability to sustain itself. Over time, 

these coenopopulations may completely disappear from the 

community, and their age spectrum histogram typically 

exhibits right-sided asymmetry.[47-50] 

Stress factors, such as atmospheric industrial pollution, can 

significantly impact coenopopulations, resulting in incomplete 

or right-skewed age spectra.[51] 

Analyzing the number of individuals in various age states 

allows us to calculate the age index (coefficient) of the 

coenopopulation using equation (1). 

∆𝐼603 =
∑ 𝑘𝑖.𝑚𝑖

𝑀
                  (1) 

where M is the total population size, mi is the size of a specific 

age group, and Ki is the age coefficient for that age group. The 

age index ranges from 0 to 1, with higher values indicating an 

older coenopopulation. 

In addition to age status, each individual can also be 

assigned a calendar (or absolute) age, defined as the time 

elapsed from its emergence to the observation moment, which 

is most applicable to woody plants. The distribution of 

individuals by calendar age is known as the age structure, 

which, like the age spectrum, can be expressed in absolute 

numbers or percentages and presented in tables, histograms, 

or graphs.[52] 

 

5. Field surveys and sampling 

Field surveys are one of the most effective ways to determine 

the population size and distribution of rare and endemic plants. 

By collecting data directly from the natural environment, 

researchers can assess the abundance and spread of these 

species across their habitats. Two common methods for field 

surveys include quadrat sampling and transect surveys.  

(1) Quadrat sampling: In this method, the study area is 

divided into smaller, equal-sized grids called quadrats. A 

random selection of these quadrats is sampled, and 

researchers count the number of individuals of the target 

species within each quadrat. This provides information on 

population density, which can then be extrapolated to 

estimate the total population size across the entire area. 

Quadrat sampling helps reveal the distribution of species, 

especially if they are clumped, evenly spread, or randomly 

distributed.[53]  

(2) Transect surveys: This technique involves establishing a 

straight line, or transect, across the habitat of interest. 

Researchers walk along this line and record the presence 

and abundance of the target species at regular intervals. 

This approach is particularly useful for studying species 

distribution across environmental gradients, such as 

altitude or soil type. Transect surveys can highlight 

patterns in species occurrence and provide insights into 

how environmental factors influence distribution.[54] 

Both methods contribute valuable data on population density, 

species frequency, and distribution patterns. These are critical 

for understanding the ecological requirements of rare and 

endemic plants, identifying areas of conservation importance, 

and guiding management strategies to protect and restore plant 

populations. In the field study, it is essential to describe the 

area where the plants are located. For instance, we present the 

research findings on H. falconeri (Thomson) Steward, a rare 

and poorly studied species from the Zhetysu-Himalayan range, 

which belongs to the Ranunculaceae family.[55-57] 

Based on contemporary phylogenetic and taxonomic 

research, we determined the systematic position of this species. 

Our study also enriched the ecological description of H. 

falconeri. Contrary to many literary sources that suggest this 

species is exclusive to the subalpine zone, we found that it 

extends to the lower boundary of the forest zone at 1,690 m. 

This finding allows us to classify it into two ecological-cenotic 

groups: forest and petro-lithophile.[58] 

H. falconeri primarily grows on various steep and exposed 

rock slopes, with a distribution predominantly on eastern and 

northeastern slopes. It was rarely found on northwestern and 

southeastern slopes and is infrequently observed on southern 

slopes (Goloskokov, herbarium). This species favors rocky 

and stony substrates, sometimes growing beneath fir trees, but 

is very rarely found on grassy slopes (Fig. S1).[59] 

During a detailed survey of the "Kulsay Lakes" MTP 

through route reconnaissance, we identified the largest 

population of H. falconeri in the Taldy River valley, along 

with six isolated sites. The research utilized available maps 

and a GPS navigator (GPS ETREX 20, Garmin). All identified 

growth points were marked and studied in detail, with 

geobotanical test sites established according to standard  
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(a) (b) (c) (d) 

Fig. 2 Morphological features of the R. polyanthemus L: a. flower, b. Plant height, c. leaf, d. Morphological appearance. 

 

methodology.[60] 

Turning our attention to the habitat of plants in the 

Ranunculaceae family, we describe it as follows: 

R. polyanthemus reaches heights of 30-80 cm, characterized 

by a thin, strap-like fringed rhizome and a short, weak mature 

rhizome. The stem is erect, branched, and multi-flowered, with 

flowers measuring 2-3 cm in diameter and exhibiting a golden-

yellow color (Fig. 2). This perennial plant thrives in dry 

meadows, steppe depressions, riverbanks, lakeshores, wet 

groundwater areas, pine forests, thicket forest edges, and 

roadside habitats, often found in transitions from plains to the 

forest belt of mountains.[61-63] 

Distribution: The species is found across various regions, 

including the Ustyrt, Tobyl-Esil, near the Caspian Sea, 

Betpakdala, Ulytau, Teriskey Alatau, Eastern small hills, 

Karkara, Altai, Tarbagatai, Zhetysu Alatau, Kungei Ile Alatau, 

and Western Tien-Shan. It is important to note that this plant 

is poisonous.[64] 

The agricultural territory is divided into two 

geomorphological zones: intermountain valleys and 

mountainous regions, with 80% of the agricultural land being 

mountainous. To the south lies the Teriskey Alatau ridge, a 

medium-sized mountain range with altitudes between 1,800 

and 2,600 m. The Laily and Jabar mountains are situated to the 

north, where the steep terrain is prominent. In the lower parts 

of these middle mountains, uvalisto-valley terrain leads 

directly to the valleys.[65] 

The Tekes Valley, which encompasses the main section and 

the northern part of the Karai section, is a wide, high-mountain 

plain bordered by the Teriskey Alatau ridge to the south and 

the Zhabyr mountain range to the north. The elevation of the 

Tekes Valley ranges from 1,800 to 1,900 m. This valley 

features relatively well-developed land cover, with a smooth, 

undulating, closed-basin terrain, primarily consisting of arable 

land.[66] 

Most species in the Ranunculus genus are perennial 

herbaceous plants. Multi-flowered daisies thrive in a variety 

of habitats, including meadows, fields, and forests. Some 

species are toxic, so caution is advised. The family also 

includes ornamental plants (e.g., peonies) and medicinal 

plants (e.g., spring adonis). Lilies, known for their beauty, are 

remarkably resilient and can adapt to various environmental 

conditions.[67] 

R. oxyspermus typically grows to a height of 20-36 cm and 

features tuberous, thickened, oblong roots. The upper part of 

the stem is highly branched and multi-flowered. The leaves 

near the base are lanceolate and oval in shape, often wedge-

shaped at the base, occasionally rounded, and may have 

truncate, bluntly toothed segments. This perennial plant 

produces flowers that measure 2-3 cm in diameter. It 

commonly grows as a weed in dry meadows, abandoned fields, 

and along roadsides.[68,69] 

Distribution: Found in regions such as the Ustryt, Tobyl-Esil, 

Karatau, and Western Tien-Shan. This species is recognized 

for its medicinal properties.[70] 

Three groups of species can be distinguished in the flora of 

the formation of phytocenoses and other sections of plant 

cover (Bykov 1978) endemic, pandemic and epidemic. 

Endemics are species that are distributed only in a small 

geographical area and are not found elsewhere; pandemic - 

appeared in this small area, but the current range has gone 

beyond the territory of that area; epidemic are species that 

have appeared outside the territory of the region. At the same 

time, it is necessary to show rare and relic species.[71] 

R. dilatatus reaches a height of 25-55 cm, with thickened roots 

resembling a pistil and a fringed root neck. The stem is erect 

and sticky-branched, supporting a golden-yellow perennial 

flower with a diameter of 2 cm. This species typically grows 

in the tree-shrub belt of mountains, in old floodplains, and near 

roads. Distribution: Endemic to the Ile Alatau region.[72,73] 

 

6. Historical data review 

By comparing historical herbarium collections and plant 

descriptions, we can uncover previously unknown species. For 

instance, the flowers of H. falconeri exhibit notable variations. 

Each stem typically bears a single, bisexual flower that is 

radially symmetrical, with its elements arranged spirally; 

however, the number of floral elements can be 

inconsistent.[74,75]  

The corolla is simple, with white, leaf-shaped, oval-

elongated petals and rounded calyx tips. Reports on the 

number of sepals vary; while descriptions of the family 
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indicate there can be 6 to 10 sepals, our observations of this 

species revealed it typically has 5, with rare occurrences of 

6.[76] 

Authors studied 400 flowers across four sites of the H. 

falconeri population, located on the lower sections of both 

banks of the Taldy River (elevations between 1,694 and 1,710 

m), and our findings were quite contradictory. We consistently 

observed that flowers with 6 petals predominated, comprising 

an average of 94.5% of our sample. In contrast, 5-petalled 

flowers accounted for only 3%, while 7-petalled flowers were 

quite rare at 1.7%, and 8-petalled flowers were observed even 

less frequently, at 0.3% (Fig. 3).  

In the study of rare plants, conducting morpho-anatomical 

analyses in comparison with previous scientific research is 

crucial. For example, we examined 400 flowers from four 

plots of the H. falconeri population located along the lower 

parts of the left and right banks of the Taldy River (elevations 

ranging from 1694 to 1710 m) and obtained completely 

contradictory results. Flowers with six petals consistently 

predominated, making up an average of 94.5%. Flowers with 

five petals were in second place, accounting for 3%, while 

flowers with seven petals were rare (1.7%), and those with 

eight petals were even more infrequent (0.3%) (Fig. 3). 

The number of flowering stems in H. falconeri populations, 

as determined by our study, is highly variable and influenced 

not only by the age of generative individuals but also by 

habitat conditions. We obtained this data from two 

cenopopulations on the right bank of the Taldy River: one at a 

lower elevation (1,710 m) and the other at a higher elevation 

(the King Gate district, 1,914 m). In the first cenopopulation, 

the average number of flowering stems per generative 

individual was 1.68 ± 0.16, while in the second, it was 1.4 ± 

0.16.  

In both habitats, individuals with a single generative stem 

(one-flowered) predominated; however, the proportion of 

robust individuals with three or four generative stems was 

significantly higher in the lower elevation cenopopulation 

(15.7% total). In contrast, at the upper elevation, the number 

of generative stems per individual did not exceed two. The 

percentage of individuals with a single generative stem was 

similar in both cases, at approximately 57.9% and 60%, 

respectively.[77]  

In this context, precise population studies, assessments of 

the state of species cenopopulations, and evaluations of 

extinction risk are essential for formulating effective 

conservation measures.[78-81] The study of biological diversity, 

including endemic and rare plant species, is a fundamental 

component of environmental protection. It is vital to recognize 

that preserving biodiversity is a shared responsibility, as the 

loss of species and the destruction of natural ecosystems can 

profoundly threaten life on Earth. 

 

7. Environmental conditions 

Consider variations in altitude, climate, soil types, and 

hydrology. Fieldwork was conducted during the spring-

summer and autumn seasons, focusing on the overall 

composition of flora, monitoring at stationary sites, and 

specifically targeting H. falconeri populations. Approximately 

100 herbarium specimens were collected and processed to 

clarify the floral composition of the communities. Species 

identification was based on key collections, including Flora of 

the USSR (Volumes 1-30, 1934-1964),[82] Flora of Kazakhstan 

(Volumes 1-9, 1956-1966),[83] and Determinant of Central Asia 

(Critical Synopsis of Flora, Volumes 1-10, 1968-1993).[84] The 

vegetation communities where H. falconeri occurs often 

consist of coniferous forests, sparse herbaceous communities, 

and diverse herbaceous vegetation on rocky outcrops or slopes. 

The basic youth structure of plant species depends on the 

 
Fig.3 Distribution of H. falconeri flowers by the number of petals, %. 
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resources they extract from their environment and how they 

utilize them. 

In this context, climatic conditions and the composition 

and properties of the soil—considered essential sources of 

nourishment for plants—play a crucial role. 

In addition to global climate change and biological 

disturbances, living organisms in the global ecosystem are 

significantly influenced by the microclimate of their habitats 

and interactions with other organisms. For example, climate 

change can alter the structure and function of plant cover, 

affect the parameters of biological species, and even lead to 

their extinction. The variability in species composition of flora 

depends on factors such as thermal regimes, hydrology, and 

biochemical cycles. Additionally, soil pH, moisture, and 

structural layers determine the distribution and ontogenetic 

states of plants.[85-87] 

Differences among plant populations are influenced by 

microclimatic factors within their ecological niches, 

particularly the structural and functional characteristics of the 

soil. Analyzing rare, endemic, and relict species, along with 

their current population status in the region, requires 

comprehensive studies encompassing ecology, geography, 

demography, biological growth, life forms of valuable species, 

and habitat conditions. Such research enables us to assess the 

population dynamics at various levels of organization and 

uncover the mechanisms of resilience in species inhabiting 

diverse regions.[88] 

 

7.1 Microclimate studies 

Climatic conditions directly influence vegetation primarily 

through two characteristics: temperature and atmospheric 

moisture (precipitation regime). According to average 

indicators, the climatic conditions of the forest-steppe region 

are generally favorable for the growth of woody vegetation. 

However, the unpredictable nature of moisture typical in this 

zone can lead to adverse effects on vegetation. Droughts and 

dry winds can have particularly detrimental impacts. 

Microclimatic observations are conducted to assess how 

the nature of the underlying surface affects meteorological 

elements. Microclimate refers to the climate of the surface 

layers of the atmosphere, formed in small areas due to local 

factors stemming from the heterogeneity of the underlying 

surface, which can vary significantly over short distances. 

This underlying surface differs in absolute height, relief type, 

soil characteristics, vegetation, moisture levels, and other 

attributes. Microclimatic features are most pronounced during 

clear and calm weather. Studies of microclimatic contrasts 

have demonstrated that the diversity of active surfaces leads 

to variations in radiation across the territory, resulting in 

contrasts in temperature, humidity, wind speed and direction, 

as well as atmospheric and horizontal precipitation.[89] 

Species such as H. falconeri, R. polyanthemus, and R. 

dilatatus are integral to the microclimatic contrasts of the Tien 

Shan region.  

 

7.1.1 Relief 

The Tien Shan mountains are relatively young, formed by 

block uplifts and folding over older, more leveled terrains. The 

western section, known as Kendyk-Tass, stretches from 

northwest to southeast and features leveled surfaces occupied 

by several low plateaus (such as Kordai and Argaitin), 

reaching absolute heights of up to 1,500 meters. The eastern 

end of the Kungei Alatau lies between the Chilik and Charyn 

rivers and consists of two parallel ridges: Syugaty in the north 

and Toraigyr in the south.[90] 

 

7.1.2 Climate 

The climate of the Kungei Alatau, like that of many 

mountainous regions, is influenced by vertical zonation, 

latitude and longitude, and proximity to oceans. Its central 

location within the Eurasian continent, combined with its 

southern position, contributes to higher temperatures, reduced 

humidity, and a distinctly continental climate. However, as 

altitude increases in the foothills, moisture supply rises, 

summers become milder, and winters less severe. 

Over a distance of about 100 km, the climate transitions 

from hot and very dry to humid and cold, changing from the 

foothill plain to the snowy peaks. At altitudes of 600 to 1,700 

meters above sea level, the average annual temperature is 

+7.5 °C, with July being the warmest month at +19 °C and 

December the coldest at approximately -7 °C. Average annual 

precipitation at this elevation is about 850 mm.  

In the spruce-forest belt at altitudes of 1,800 to 2,700 

meters, the mountain climate is distinct, featuring mild winters 

and many sunny days. Negative temperatures persist from 

November to March, with December averaging -6.3 °C and 

the annual average at +3.6 °C. July is the warmest month, 

averaging +15 °C. 

At altitudes of 2,700 to 3,360 meters, snow cover lasts for 

about eight months. The average temperature in February, the 

coldest month, is -12 °C. Summers are short, and frosts can 

occur even during the warmest periods of the year. In July, the 

average temperature is +7.7 °C, while the annual average 

temperature is -2 °C. As altitude increases, the climate 

becomes even harsher, with more variable weather patterns. 

The average annual temperature is around -6.4 °C, and the 

coldest month can average -15.5 °C.[91] 

Microclimates can significantly influence plant growth and 

distribution. Establishing portable weather stations in the 

study area will allow for the regular recording of temperature, 

humidity, wind speed, and solar radiation. This data will help 

assess how specific microclimatic conditions affect the 

survival and reproduction of rare and endemic species.[92] 

The microclimate is greatly influenced by the relief and 

exposure of slopes. In valleys, daytime temperatures can be 

higher, while nighttime temperatures can be lower than those 

at higher elevations. Specific microclimatic characteristics are 

observed in river floodplains, where the average daily 

temperature tends to be lower and relative humidity higher 

compared to elevated terraces. This leads to the growth of 
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more northern plant species in these conditions.  

The natural properties of each landscape depend on several 

factors, including the length of day and night, the height of the 

Sun above the horizon, the total amount of solar radiation, the 

thermal regime of the air and soil, the rhythms of biochemical 

and biophysical processes in plants and animals, and the phase 

transformations of moisture in the soil and atmosphere.[93] 

Analyzing the potential effects of microclimate on 

physical-geographical processes reveals that the mutual 

influence of two or three microclimatic contrasts is often 

evident. For example, in winter, the inhomogeneities of the 

active surface in the atmospheric boundary layer can create 

significant contrasts in wind speed and direction over short 

distances, particularly in rugged terrain, affecting the 

distribution of solid precipitation.  

During snow drift, not only does the snow cover erode, but 

the upper layer of the soil can also be disturbed. The 

movement of snow in the airflow acts abrasively against any 

obstacles. The erosive effect of drifting snow increases with 

higher wind speeds and lower air temperatures. On windward 

slopes, snow can be blown away, while on leeward slopes, it 

tends to accumulate. Additionally, soil particles can be 

displaced and deposited with the snow, decreasing the 

reflectivity of the snow cover.  

As snow melts, especially under the combined influence of 

warm air masses and sunlight, favorable conditions for water 

erosion can develop on previously leeward slopes.[94] 

 

7.2 Soil property analysis 

When describing macrorelief, it's important to consider 

elements that extend horizontally from 200 meters to 10 

kilometers or more. Examples of these elements include 

mountain ranges, river valleys, and the watershed surfaces 

between adjacent rivers. The next level of relief features are 

mesorelief forms, which typically have diameters ranging 

from tens to several hundred meters, with height differences 

measured in meters. These include floodplain terraces, ridges, 

sand dunes, hollows, gullies on slopes, moraine hills, and 

ravines. The smallest relief forms, known as microrelief, have 

dimensions that do not exceed several meters and are typically 

identified within a sample area. Examples include steppe 

saucer-shaped depressions, riverbank ridges, small 

depressions, and low sandy hills. Another critical indicator of 

habitat conditions is the type and degree of moisture present. 

The type of moisture is influenced by the location of the 

sample plot within the relief and is determined by the primary 

source of water supply—whether atmospheric, dripstone, or 

groundwater. When assessing the degree of moisture, soil 

moisture serves as a key reference. There are five stages of soil 

moisture: dry, fresh, damp, moist, and wet. Dry soil is dusty, 

lacks moisture when touched, and does not cool the hand. 

Fresh soil feels cold, does not produce dust, and becomes 

slightly lighter as it dries. Wet soil has noticeable moisture 

when touched, can moisten paper, becomes significantly 

lighter when dried, and retains the shape given to it when 

squeezed by hand. Moist soil transforms into a doughy mass 

when squeezed, wetting the hand but not oozing between the 

fingers. Wet soil releases water when squeezed. Additionally, 

moisture can be categorized generally as normal, excessive, or 

insufficient.[95] 

For example, studies on the soil where natural populations 

of H. falconeri, R. polyanthemus, and R.dilatatus grow 

provide valuable insights. According to researchers, the 

diurnal variation in soil temperature at the surface and at depth 

across different mountain slopes and altitudes primarily 

depends on the amount of solar radiation reaching the soil and 

the physical characteristics of the soil itself. [96] 

Throughout the day, the soil temperature on the south-

facing slope is significantly higher than that on the north-

facing slope. This difference is attributed to the fact that the 

northern slope receives considerably less solar energy than the 

southern slope. Additionally, the stony nature of the southern 

slope's soil allows it to retain heat more effectively than the 

darker soils found on the north slope. Minor deviations in 

ridge orientation from true north negatively impact the 

temperature distribution of the soil surface, with northwest 

slopes exhibiting warmer temperatures than those facing 

directly north. As one moves deeper into the soil, there is a 

consistent decrease in temperature. Differences in soil 

temperature related to altitude are also clearly evident. The 

initial focus of soil research is on its properties. The soil profile 

is divided into distinct layers based on key characteristics. As 

a result of the prolonged soil-forming process, the appearance 

and properties of the parent rock undergo significant changes. 

Preliminary conclusions about the soil's origin, chemical 

composition, and fertility can be drawn based on external 

characteristics. The external properties of the soil are 

examined through the soil profile, which is a vertical section 

from the soil surface down to the unaltered rock, typically 

extending to a depth of 1 to 1.5 meters. A vertical section of 

the soil (see Table. S1) reveals the heterogeneous soil horizons 

(layers) that comprise the profile.[97] 

The upper horizon, known as Horizon A, is usually dark in 

color due to the accumulation of humus. The thickness of 

Horizon A varies depending on the soil type, ranging from 

several centimeters (30–40 cm) to over 100 cm in rich soils 

like chernozems.  

Horizon B is the illuvial horizon (wash-in) and serves as a 

transitional layer to the parent rock. It is characterized by a 

lower concentration of humus and the leaching of water-

soluble substances from the overlying layers. Horizon C 

consists of the parent rock that contributes to soil formation.[98] 

Horizon D is the underlying bedrock. Upon examining the soil 

profile, the color of the soil stands out as one of the most 

noticeable morphological features. The soil samples taken 

from each layer are pre-weighed in aluminum buckets. The 

wet weight of soil samples (aluminum bag + soil sample) is 

immediately determined by an electronic scale. In the 

laboratory, wet soil samples are dried in a drying cabinet at a 

temperature of 105 °C for 6 hours. The dried soil samples are 
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cooled in a desiccator, and their weight (aluminum bag + dried 

soil sample) is re-weighed. Experiments are repeated three 

times. 

The amount of moisture in the soil is calculated according 

to the following using equation (2). 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 (%)  =  (𝐵1 − 𝐵2)/(𝐵2 − 𝐵) ×  100%  (2) 

where B is the weight of the empty box, B1 is the wet soil + 

weight of the bag, and B2 is the dry soil + bulk weight.  

To determine the soil pH value, a soil suspension was made 

from distilled water and soil in a ratio of 1:5, 20 g of soil was 

weighed, and 5 ml of distilled water was added to it. Soil pH 

is determined using the CONSORT - C 931 instrument at a 

temperature of 24.8 °C. 

It is important to describe the litter layer, noting its 

thickness (in centimeters), the composition of its components 

(such as needles or leaves from tree species, felt, and cereal 

remnants), as well as the degree of coverage and spatial 

distribution. Coverage can be uniform, fragmentary, or 

localized, for example, around tree trunks.[99] 

Particular attention should be given to the characteristics 

of anthropogenic impacts on the phytocenosis, including the 

main forms of economic activity present, the existence of 

paths and roads, and the proximity of settlements. Additionally, 

the impact of animal activity should be noted.[100] 

As supplementary comments on the environmental 

characteristics, it is helpful to highlight any specific habitat 

features, such as the presence of carbonate rock outcrops, 

moraine boulders, blown sand, stumps, and fallen tree trunks. 

 

7.3 Floral composition and plant community structure 

The species composition of plant communities—essentially 

the list of plant species present—is a critical characteristic of 

phytocenoses. While the most dominant species, in terms of 

abundance, are often the focus, it is important to consider all 

plant species whenever possible. Some species that are 

quantitatively less significant may still indicate particular 

environmental conditions and the history of community 

formation.[101] 

The study of phytocenosis should be started by 

determining its floral composition and making a list of plant 

species. Floral composition is an important feature of 

phytocenosis. In most cases, when describing it, it focuses 

only on complex plants and lichens. The floral composition of 

a phytocenosis is the totality of all plant species that grow 

there. Each species included in the phytocenosis participates 

in the creation of the biotope in its own way. Some species can 

be indicators of environmental conditions. Therefore, to get 

complete information about the community, it is necessary to 

understand its floral composition, ecological condition, and 

habitat. At the same time, it is necessary to take into account 

that fully matured and young plants and sprouts are 

determined depending on whether they can germinate and 

grow. 

Floral richness is a quantitative indicator of species 

growing in a specific phytocenosis or association. In order to 

make an in-depth analysis of the flora wealth, it is necessary 

to calculate the number of species for each systematic group 

(lichens, mosses, ferns, gymnosperms, angiosperms). 

Depending on the number of species, there are simple floral 

and complex floral phytocenoses. Simple floral phytocenose 

consists of one or several species and complex floral 

phytocenose consists of many species. 

The flora richness of the community depends on many 

factors, such as the diversity of the flora of this area, the 

microclimate of the place where the community lives, the state 

of the ecogroup and its changes as a result of the existence of 

plants, the impact of human life, etc. 

The introduction of plant species brought by humans from 

other regions into phytocenoses or their deliberate 

introduction into local phytocenoses has shown that 

phytocenoses with incomplete floral elements can be observed 

in nature. The incompleteness of the floral organs of 

phytocenoses is of great practical importance. It is possible to 

additionally sow the seeds of plant species that are part of such 

a phytocenosis and have the ability to increase their 

productivity. 

Recording all plant species in the study area, along with 

their abundance and growth stages, enhances our 

understanding of the structure of the plant community. This 

information sheds light on plant competition, ecological 

succession, and the role of rare plants within their ecosystems. 

For example, communities with H. falconeri are often found 

in spruce forests, sparse herbaceous areas on rocky terrain, or 

diverse grassy communities on gravelly or stony slopes.  

In our study of the Taldy River valley flora, we identified 

107 species belonging to 46 genera. The dominant 

contributions come from 13 families: Asteraceae (12 species), 

Fabaceae (9 species), Poaceae and Rosaceae (8 species each), 

Ranunculaceae (6 species), and Apiaceae (5 species), among 

others. These families together account for approximately   

64.5% of the total floral list. Additionally, 9 genera are 

represented by 2 species, while 24 genera each contain a single 

species.[102] 

According to ecobiomorph types, perennial herbaceous 

plants are predominant, with 15 species of tree-shrub plants 

and only 3 species of annuals. H. falconeri frequently co-

occurs with 15 other species, which together form the floral 

foundation of communities including Picea schrenkiana, 

Atragene sibirica, Ribes meyeri, Lonicera stenantha, Rosa 

alberti, Sedum hybridum, Sedum ewersii, Aegopodium 

alpestre, Fragaria vesca, Geranium collinum, Galium 

turkestanicum, Poa nemoralis, Polypodium vulgare, 

Kaufmannia semenovii, and Rheum wittrockii. Notably, the 

last two species are among those listed in the Red Book of 

Kazakhstan (2014), along with the species under study.  

In a separate study, the floral composition of the area where 

R. polyanthemus occurs includes 46 genera and 283 species. 

Among these, there are 51 species of marigolds, 28 grasses, 21 

legumes, 18 sedges, 13 roses, and various other families. The 

dominant species in the vegetation cover totals 20. Of these 
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species, 267 (94.8%) are consumable by cattle, while 21 are 

toxic and 13 are medicinal.[103] 

 

7.4 Anatomical study 

Plant morphology is the oldest and most fundamental section 

of botany. It was with descriptive morphology that botany 

began to develop as a science thanks to the works of Carl 

Linnaeus in the 17th century. Plant anatomy studies the 

internal structure of plant organs, including at the tissue and 

cellular level. Currently, it is generally considered as a 

component of morphology, together with sections of 

morphology that study plants using optical microscopy.  

Studying the anatomy of rare plants is important for several 

reasons. First, it helps to understand their structural 

adaptations that allow them to survive in specific 

environmental conditions. This knowledge can be useful for 

preserving endangered species and for developing effective 

methods for their protection.  

Second, anatomical studies can reveal unique biochemical 

and physiological processes that occur in these plants. 

Understanding these processes can help develop new 

approaches to agronomy and ecology. 

In addition, studying the anatomy of rare plants can 

contribute to their use in medicine, cosmetology, and other 

industries. For example, some rare plants have unique healing 

properties due to their anatomical features.[104] 

In general, anatomical research of rare plants plays a key 

role in the protection of biodiversity and the sustainable use of 

natural resources. Fig. 4 shows the anatomical and 

morphological structure of the leaf blade structure of Hepatica 

falconeri growing in the Taldy Gorge population (Kazakhstan). 

On the left side of Fig. 1 are anatomical sections of Falconeri 

liverwort in the vegetative age state, and on the right are 

photographs of the generative age state. During a comparative 

analysis of cross sections of the two age states, it was noted 

that the structure of the vegetative age state differs from the 

structure of the generative age state by the following features: 

the thickness of the leaf blade changes, the vascular bundles 

are clearly differentiated, their number increases from 1 to 3-

5, the development of sclerenchyma cells around the vascular 

bundles increases; the cells of the upper and lower epidermis 

change shape during growth from oblong-round to beaded-

round; the development of chlorophyll-bearing tissue 

increases, the cells of the columnar mesophyll are elongated, 

become more ordered, are arranged in even rows, inclusions 

appear in the leaf mesophyll.[105] 

  
(a) vegetative age state (b) generative age state 

1 - upper epidermis, 2 - lower epidermis, 3 - columnar mesophyll, 4 - spongy mesophyll, 5 - vascular bundle (×70) 

 
(c) vegetative age state                  (d) generative age state 

1 - upper epidermis, 2 - lower epidermis, 3 - columnar mesophyll, 4 - spongy mesophyll (×100) 

Fig. 4 Anatomical and morphological structure of the leaf blade structure of H. falconeri from the Taldy gorge population. 
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8. Geographical information systems (GIS) 

As a source of fundamental knowledge about one of the most 

important components of the biosphere, the vegetation map is 

of great scientific importance. Because it is considered an 

informational basis for solving the problems of ensuring the 

existence of society and harmonizing the relationship of 

modern society with the natural environment, its practical role 

is also very important. For a long time, the role of small-scale 

survey maps was underestimated. Academician V.B. first 

spoke about the future of using small-scale maps of plants 

directly in practice. Sochava said in the 1960s. The role of 

small-scale overview maps of vegetation increases in the era 

when regional ecological problems become global with the 

increasing influence of anthropogenic factors. The 

geobotanical map of the scientific and informational survey of 

plant cover covering the territory of the USSR was published 

in 1954. Its scale was 1:4,000,000. Subsequent plans, i.e., 

creating a vegetation map on a scale of 1: 2,500,000, were not 

implemented for various reasons (Kotova, 2011). Significant 

results in the field of the creation of geobotanical survey maps 

are associated with the creation of higher educational 

institutions. 

GIS technology helps visualize and analyze spatial data 

regarding plant distribution. By integrating field data with 

environmental factors such as topography, climate, and land 

use, GIS can be used to predict suitable habitats and model 

future distribution patterns, considering potential 

environmental changes. 

GIS has emerged as a vital tool for studying and managing 

biodiversity, particularly for rare, endemic, and medicinal 

plants. These systems enable researchers and conservationists 

to analyze spatial data, visualize ecological patterns, and make 

informed decisions about plant conservation and management. 

This article explores methodologies utilizing GIS to determine 

the population, distribution, and ecological factors affecting 

rare and medicinal plants.[106] 

Mapping of vegetation covers, in turn, creates conditions 

for the development of some sections of geobotany 

(classification of vegetation cover, dynamics, geobotanical 

zoning, and geography of phylogenesis). Modern geobotanical 

maps not only synthesize information about the vegetation 

cover of the mapped territory (composition, structure, 

dynamics, history, geography, and its connection with many 

natural factors), but also analyze them and provide an 

opportunity to solve new botanical-geographical problems. 

Geobotanical mapping is currently one of the main methods in 

the study of vegetation cover and the geography of plant 

communities. All geobotanical maps are divided into four 

according to their completeness, accuracy, and scale: 1. Small-

scale maps, scale 1: 500000 2. Medium-scale maps, scale 1: 

300000 - 1: 100000 3. Large-scale maps, scale 1: 50000 - 

1.10000; 4. Full, accurate maps and plans, scale 1: 5000 - 1: 

500. Of course, different categories of vegetation cover are 

captured on maps of different scales. For example, individual 

phytocenoses and associations cannot be captured on small- 

and medium-scale maps because those maps are very small. 

Individual phytocenoses can be captured only on large-scale 

and complete, accurate maps. All geobotanical maps are 

divided into several classes according to their purpose and 

meaning, the most important of which are as follows: 1. Based 

on the bioecological classification, maps providing 

information on the features of the vegetation cover are made - 

144 - and legends / explanatory words given to the maps/ are 

made according to their requirements; 2. Maps provide 

information on features of plant cover on the basis of genetic 

or geographic-genetic classification. In this case, the legend of 

the map is created according to the requirement; 3. Special 

maps that provide information on some individual features of 

vegetation cover. For example, maps of animal feed, forests, 

and general plant resources.[107] 

 

9. Methods of biologically active substance research in rare, 

endemic, and medicinal plants 

Phytochemical studies encompass a variety of methods used 

to identify and characterize biologically active compounds in 

plants.  

 

9.1 Extraction methods 

Extraction techniques are used to isolate phytochemical 

compounds from plant material. The main extraction methods 

are: 

1. Maceration – Involves placing plant material in a solvent 

and allowing it to sit at room temperature for an extended 

period. This method is simple and cost-effective but can be 

time-consuming. 

2. Percolation – A continuous solvent flow is used to extract 

compounds from plant material placed in a percolator. This 

method is more efficient and yields faster results compared to 

maceration. 

3. Soxhlet extraction – Involves a repeated heating and 

condensation process, where plant material is placed in a 

Soxhlet apparatus. This method requires heat and is effective 

in producing highly concentrated extracts. 

4. Supercritical fluid extraction – Uses supercritical carbon 

dioxide or other fluids to extract phytochemicals. This method 

produces a pure extract with minimal chemical residue. 

5. Hydrodistillation – Employs steam or hot water to extract 

essential oils and other volatile compounds from plant 

material. It is commonly used for extracting aromatic oils. 

Each extraction method has its own advantages and limitations, 

and the choice of method depends on the type of compound, 

desired extraction time, temperature, and solvent used.[108] 

 

9.2 Chromatographic methods 

Chromatography is a powerful technique for analyzing the 

composition of extracts and separating individual components. 

Common types of chromatography include: 

1. Thin-layer chromatography (TLC) – Components are 

separated on a thin layer of sorbent. This method is primarily 

used for qualitative analysis of phytochemicals.[109] 
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2. High-Performance Liquid Chromatography (HPLC) – A 

precise and efficient method for separating and quantifying 

phytochemicals. It is widely used for both qualitative and 

quantitative analysis.[110] 

3. Gas chromatography (GC) – Used for separating volatile 

compounds, GC is especially effective for analyzing gaseous 

or quickly evaporating substances.[111] 

4. Column chromatography – Involves the separation of 

components using a sorbent packed in a column. This 

technique is commonly used for larger volume separations and 

for studying the composition of extracts.[112] 

Spectroscopic methods 

Spectroscopy is essential for determining the molecular 

structure of chemical compounds. Common spectroscopic 

techniques include: 

1. Ultraviolet spectroscopy (UVS) – Used to study 

compounds that absorb ultraviolet light, providing insight into 

the electronic structure of molecules, including the presence 

of π-bonds. It is especially useful for analyzing aromatic and 

unsaturated compounds.[113] 

2. Infrared spectroscopy (IRS) – Identifies functional groups 

in a molecule by measuring the absorption of infrared light. 

Each functional group absorbs infrared light at a specific 

frequency, producing a unique spectrum that can be used to 

identify the molecular structure.[114] 

3. Mass spectrometry (MS) – Measures the mass-to-charge 

ratio of ions to determine the molecular mass and structure of 

compounds. Mass spectra provide detailed information on the 

molecular composition and fragmentation patterns, aiding in 

structural analysis.[115] 

4. Nuclear magnetic resonance (NMR) – A powerful method 

for elucidating the structure of organic compounds. NMR uses 

the magnetic properties of atomic nuclei to study molecular 

bonding and the arrangement of atoms within a molecule. It is 

particularly useful for determining the complete structure of 

organic compounds.[116] 

 

9.3 Electrochemical analysis methods 
Electrochemical analysis methods utilize electric current and 

potential to study the chemical composition and properties of 

substances. 

1. Polarography – This method involves gradually varying the 

potential at an electrode while measuring changes in current. 

Polarography is often used to assess antioxidant activity, as it 

can monitor the oxidation reactions of antioxidant compounds 

in solution. 

2. Cyclic voltammetry – This technique is employed to 

investigate the oxidation-reduction properties of substances. It 

measures the oxidation or reduction potential of a compound 

in solution at the electrode, helping to determine the stability 

of the compound by analyzing its ability to donate or accept 

electrons. It also provides information on reaction rates and 

the products of these reactions.[117] 

 

9.4 Biological methods for assessing biological activity of 

phytochemicals 
Several biological methods are used to determine the 

biological activity of phytochemical compounds: 

1. Microbiological tests – These tests evaluate the 

antimicrobial properties of phytochemicals. They are 

performed with various microbial strains (bacteria and fungi) 

to assess the compound's effectiveness in inhibiting microbial 

growth. 

2. Cytotoxicity tests – These tests evaluate the effects of 

compounds on cell viability. The cytotoxicity of a compound 

can be determined by exposing cell cultures to the substance 

and monitoring cell survival.[118] 

3. Antioxidant tests 

DPPH Test – This test measures the ability of antioxidants to 

neutralize free radicals by using the DPPH (2,2-diphenyl-1-

picrylhydrazyl) radical. 

FRAP Test (Ferric Reducing Antioxidant Power) – This 

method assesses antioxidant activity by measuring the 

reduction of iron (III) ions to iron (II) ions. 

ABTS Test – This test evaluates the ability of antioxidants to 

neutralize ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid)) radicals.[119] 

These methods together provide a comprehensive 

understanding of the biological activities of phytochemical 

compounds, including their antimicrobial, cytotoxic, and 

antioxidant properties.[120] 

 

9.5 Chemical reactions for identifying plant compounds 
Various chemical reactions are used to identify specific 

compounds in plants and to isolate biologically active 

substances. Key reactions include: 

1. Alkaloids – The Dragendorff's reagent (often combined 

with iodine or other reagents) is used to identify alkaloids. A 

characteristic color change, such as brown, indicates the 

presence of an alkaloid. 

2. Flavonoids – Flavonoids react with aluminum salts, 

producing distinct color changes, typically green or orange-

yellow, which confirm their presence. 

3. Glycosides – These compounds can be detected by their 

foaming properties, particularly when dissolved in water. 

Saponins also produce a similar foaming reaction, aiding in 

their identification.[121] 

Specialized chemical methods and physical tests are 

employed to separate and identify these compounds. The 

results obtained from these methods help in understanding the 

nature of active compounds in plants and their potential health 

benefits. 

 

10. Methods of genetic research in rare, endemic, and 

medicinal plants 

Genetic research in plants covers various techniques aimed at 

studying their genetic structure, inherited traits, and beneficial 

characteristics for breeding purposes. Some of the key 

methods used are outlined below: 

 

https://www.espublisher.com/


ES Food & Agroforestry                                                                                                    Research article                                                            

 

Engineered Science Publisher                                                                          ES Food Agrofor., 2024, 18, 1340 | 15  

10.1 Genetic markers 

Genetic markers are essential tools in plant genetics and 

breeding. They help identify specific genetic traits in plants, 

track useful characteristics, and assist in selective breeding. 

The primary types of genetic markers include: 

DNA Markers 

Simple sequence repeats (SSR), or microsatellites, are 

widely used as genetic markers. SSRs are regions in the plant 

genome composed of repetitive short sequences. These 

regions exhibit high polymorphism, meaning they are highly 

variable between individuals, making them useful for genetic 

mapping, assessing genetic diversity, and determining genetic 

relationships.[122] 

Single nucleotide polymorphisms (SNPs) involve the 

substitution of a single nucleotide within the genome. These 

genetic variations are common at the population level and are 

instrumental in studying genetic diversity, disease 

susceptibility, and specific traits. 

Amplified fragment length polymorphisms (AFLP) is a 

method that involves cutting DNA with enzymes and 

amplifying the fragments. It allows for the identification of 

highly diverse DNA fragments, which helps study genetic 

diversity, kinship, and species divergence. 

Restriction fragment length polymorphism (RFLP) 

analysis is used to assess genetic diversity by cutting DNA 

with restriction enzymes and separating the resulting 

fragments by gel electrophoresis. This method is widely 

applied in plant genetics to study genetic relationships and 

diversity. 

Genetic markers are invaluable tools for improving plant 

traits, facilitating selective breeding, and enhancing desirable 

properties.[123] 

 

10.2 Genetic engineering 

Genetic engineering involves modifying a plant’s DNA by 

introducing specific genes that confer desired traits. Key 

applications of genetic engineering in plants include: 

Disease resistance: Genes are inserted into plants to make 

them resistant to pathogens, thereby improving plant health 

and yield.[124] 

Increased productivity: Certain genes can be introduced to 

enhance plant growth rates or yield, ensuring higher crop 

production. 

Environmental adaptation: Genetic modifications can help 

plants adapt to challenging environmental conditions, such as 

drought, cold, or saline environments, improving their 

resilience.[125] 

These techniques are essential for enhancing crop 

production, improving quality, and making agriculture more 

sustainable. 

 

10.3 Genome sequencing 

Genome sequencing is the process of determining the 

complete DNA sequence of an organism. In plants, genome 

sequencing provides detailed insights into gene location, 

structure, and function. It is particularly useful for studying 

traits such as productivity, disease resistance, and 

environmental adaptability.[126] Genome sequencing also plays 

a critical role in plant breeding and genetic improvement by 

revealing the genetic basis of important traits.  

 

10.4 Hybridization and crossbreeding 

Hybridization is the process of crossing two or more different 

plant varieties or species to combine their beneficial traits. 

This method creates new plant varieties with improved 

characteristics such as higher yields, disease resistance, and 

better adaptability to environmental conditions. Hybridization 

is widely used to improve major crops like wheat, corn, and 

rice, and has applications in both plant and animal breeding.[127] 

 

10.5 Induction of polyploidy 

Polyploidy refers to the process of increasing the number of 

chromosome sets in a plant’s cells. Polyploid plants often 

exhibit enhanced traits such as larger size, increased resistance 

to diseases, and improved yield. Chemicals like colchicine are 

commonly used to induce polyploidy by disrupting cell 

division, leading to the doubling of the chromosome set. 

Polyploidy is an important method in breeding for larger, more 

productive crops.[128] 

 

10.6 Population genetics 

Population genetics focuses on studying genetic variation 

within populations and how it changes over time due to factors 

like migration, natural selection, and genetic drift. Key 

methods in population genetics include: 

Allele and genotype frequency calculation: This method 

determines the frequency of alleles and genotypes in a 

population, helping assess genetic diversity. 

Gene flow studies: Gene flow examines the movement of 

genetic material between populations, helping understand how 

species spread and adapt.[129] 

Modeling neutral and adaptive processes: This method models 

the effects of selection and mutation on genetic diversity 

within a population. 

Genetic drift and selection: Genetic drift studies random 

genetic changes, while selection processes examine how traits 

evolve in response to environmental pressures.[130] 

Genetic isolation and hybridization: These processes play 

significant roles in the evolutionary development of species by 

creating reproductive barriers or promoting gene mixing 

between populations.[131] 

Population genetics is critical for understanding how plant 

species evolve and adapt to their environments. 

 

10.7 Phenotyping technologies 

Phenotyping involves studying the physical and biochemical 

traits of plants, which helps link their genotype to their 

environmental interactions. Modern phenotyping technologies 

include:[132] 

Image capture and video analysis: Cameras and video 
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systems are used to measure external plant traits, such as leaf 

shape, flower color, and plant height. This data helps monitor 

growth and structure.[133] 

Genetic phenotyping: This approach links plant genotypes 

(genetic makeup) to phenotypes (observable traits), often 

using gene mapping and genome-wide association studies 

(GWAS) to improve traits. 

Nano and microscopy technologies: Microscopic 

techniques allow for the study of plant cells and tissues, 

offering insights into plant physiology and interactions with 

the environment. 

Remote sensing and spectroscopy: Remote sensing 

systems are used to assess plant health, growth, and nutrient 

status, while spectroscopy helps determine the chemical 

composition of plant tissues. 

Robotic and automated systems: Automated systems and 

robotic tools help monitor plant growth at different stages, 

providing precise data with minimal human intervention. 

Applied biotechnologies (e.g., clustered regularly interspaced 

short palindromic repeats - CRISPR): Technologies like 

CRISPR allow for targeted gene editing to improve specific 

plant traits, enhancing breeding processes and crop 

development. 

These advanced phenotyping technologies enable faster 

breeding, higher crop yields, and the development of new 

plant varieties suited to various climates and environmental 

conditions.[134] 

These diverse genetic research methods are integral to 

advancing plant breeding, improving crop quality, and 

ensuring sustainable agricultural practices.[133] Each method 

plays a specific role in enhancing plant traits and contributing 

to the development of more resilient and productive plant 

varieties. 

 

11. Determining the diet composition of rodents and their 

impact on plant coverage  

This study investigates the diet of several rodent species 

inhabiting the sandy desert regions of Kazakhstan, including 

the comb-tailed gerbil (Spermophilopsis leptodactylus), small 

gerbil (Meriones meridianus),[135] woolly gerbil (Dipus 

sagitta),[136] and the desert or Liechtenstein gerbil (Eremodipus 

lichtensteini). To explore these issues, the digestive tracts of 

captured individuals were analyzed, along with the 

identification of food remains and gnawed plants at roosting 

and feeding sites.  

The diet of these rodents was assessed by examining the 

contents of their digestive tracts and identifying the remains of 

consumed plants. Rodents were also observed in hand-feeding 

experiments, where various desert plants and insects were 

offered to determine their preferences. Key metrics such as 

rodent density, fat accumulation, and seasonal and age-related 

variations in fat storage were also recorded to better 

understand their activity and energy consumption. 

 

11.1 Dietary composition 

Comb-tailed gerbil: Primarily herbivorous, this species feeds 

on the underground parts of plants (roots, rhizomes, and shoots) 

throughout the year. The comb-tailed gerbil consumes up to 

61-67 species of plants in the sandy deserts of Kazakhstan. 

Around 30 species form the core of its diet, including seeds, 

fruits, and roots. 

Small gerbil: This species feeds on green plant parts and seeds, 

particularly during the spring and summer breeding seasons, 

and supplements its diet with insects in the fall. It also 

consumes toxic plants, such as Adyraspan and Parrot Poppy, 

throughout the year. 

Woolly Gerbil: The woolly gerbil consumes a variety of plant 

parts, including seeds, fruits, and green shoots, with a 

preference for around 50-55 plant species. Like the small 

gerbil, it also includes insects in its diet during the breeding 

season. 

Liechtenstein gerbil: This species is more selective in its diet, 

consuming a variety of plant parts from 36-46 different plant 

species. It also feeds on toxic plants year-round. 

Impact on desert vegetation: The impact of rodents feeding on 

desert vegetation was calculated based on their daily and 

seasonal activity. For example, the full stomach of a small 

gerbil weighs about 5.0 g, and the gerbil feeds three times a 

night. Over the course of a year, a single gerbil consumes 

approximately 5.4 kg of plant mass. 

In the South Balkhash region (Saryesik-Atyrau), where 

there is an average density of 15-16 gerbils per hectare, these 

rodents collectively consume around 81-86 kg of plant mass 

annually. This level of consumption is relatively low and is 

unlikely to cause significant damage to sand pastures, as desert 

vegetation is resilient and can lose up to 70% of its 

aboveground phytomass without harm.[137] 

Plant productivity in the region: The aboveground phytomass 

of desert plants is relatively high. For instance: 

Sand sedge (Agriophyllum arenarium) produces 1.5-2 quintals 

of green mass per hectare.[138] 

Camel's bone astragalus (Astragalus pancijugus) yields 2.3-

2.8 quintals of dry mass per hectare. 

Seed productivity can range from 2.0 to 24.0 kg per hectare, 

depending on the plant species and annual conditions. 

 

11.2 Rodent feeding and plant consumption 

Woolly gerbil: The average weight of a full stomach in a 

woolly gerbil is 9.0 g. Assuming the gerbil eats 18.0 g of plant 

matter (including green parts and seeds) during each feeding 

session (which occurs during two peaks of nocturnal activity), 

it consumes approximately 4.8 kg of plant mass over its 270-

day active lifespan. In the South Balkhash region, the woolly 

gerbil has a density of 6-7 individuals per hectare, collectively 

consuming 28-34 kg of plant mass annually. 

Liechtenstein gerbil: This smaller species has an average 

population of 3-4 individuals per hectare and an active lifespan 

of about six months. On average, each Liechtenstein gerbil 

consumes 16.0 g of various plant parts per night, totaling 

around 2.8 kg of plant matter during its active life. Therefore, 
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the collective impact of 3-4 gerbils per hectare results in the 

consumption of 8.4 to 11.2 kg of plant matter per year. 

The overall impact of these sand-dwelling gerbils on desert 

vegetation is considered to be minimal. For example, the 

camel's bone astragalus (Astragalus paucijugus Schrenk.), 

which is an important food source for these rodents, yields an 

average of 2.3-2.8 quintals per hectare of dry mass, with seed 

productivity varying between 2.0 and 24.0 kg per hectare.[139] 

Given that the woolly gerbil feeds on more than 50 species of 

astragalus and the Liechtenstein gerbil on over 40, the damage 

caused to vegetation by their feeding habits is relatively low. 

While some damage may occur in years with lower plant 

productivity, the overall pest activity of these rodents is not 

significant enough to affect the desert pasture ecosystem 

substantially. 

In conclusion, while these rodents consume a variety of 

desert plants, including seeds and fruits, their impact on the 

plant cover of sandy deserts, particularly in the South 

Balkhash region, is relatively insignificant, and they do not 

pose a major threat to the stability of desert ecosystems. 

 

12. Conclusion 

In conclusion, this article provides useful insights into the 

methodologies used to investigate the population, distribution, 

and ecological variables of rare, endemic, and therapeutic 

plants, using Ranunculaceae species as examples. By 

integrating traditional and modern methodologies, researchers 

can undertake more complete geobotanical and phylogenetic 

molecular-genetical, biologically active substances research, 

which is critical for understanding and protecting the natural 

populations of these important plants. The approaches 

described in this guide lay a solid foundation for analyzing 

numerous ecological and physiological features of plant 

species, which is critical for biodiversity conservation and 

sustainable management. Future research should focus on the 

consequences of climate change on the distribution and 

survival of rare and endemic plant species, especially in 

vulnerable areas such as the Tien Shan Mountains. Additional 

research into modern technologies such as remote sensing, 

GIS, and molecular ecology could improve the precision and 

size of studies on plant populations and ecosystems. 

Furthermore, researchers should work on developing more 

localized conservation methods that take into account the 

unique biological problems that these species experience in 

their natural habitats. Improving collaboration among 

ecologists, conservationists, and local people will also be 

critical for adopting successful conservation methods and 

guaranteeing the long-term survival of these unique plant 

species. 
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