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Abstract. Tastanbekova A, Kulymbet K, Kurmanbayeva M, Höhn M, Zhumagul M, Abduraimov O, Issayev GI, Alshynbayev O, Toktar 

M, Smanov Z. 2025. Implications of population size, structure, and soil parameters for the conservation of Allochrusa gypsophiloides in 

Kazakhstan. Biodiversitas 26: 2051-2064. The study examines the distribution, population size, and ecological conditions of Allochrusa 

gypsophiloides in the Karatau Mountain Range, Kazakhstan. This rare species, listed in the Red Data Book, was found in four 

populations (P1-P4): Sayasu Gorge (P1), Kuyuk Pass (P2), and The Vicinity of Birlik (P3) and Kenestobe Villages (P4). Geobotanical 

research assessed species composition, plant communities, and ontogenetic structure using Uranov’s classification. Soil properties, 

including humus content, nutrient levels, and pH, were analyzed. The total number of A. gypsophiloides individuals across all sites was 

91, with low population densities (0.15-0.29 individuals/m²). Age structure analysis revealed no senile individuals, with generative 

individuals predominating in two populations. Generative (g1) individuals accounted for 20.0% in P1 and 18.52%, 24.14%, and 33.34% 

in P2-P4, respectively. Post-generative (sub-senile) individuals were rare (0-13.34%). Despite a relatively stable age composition, low 

population density remains a concern. Soils across populations shared similar characteristics: low humus and nutrient content, 

moderately to strongly alkaline pH, and sandy loam to medium loam textures. The species' restricted distribution, low density, and 

specific soil requirements make it highly vulnerable to environmental changes and human activities. Conservation efforts of A. 

gypsophiloides should be aimed at protecting key habitats (Sayasu Gorge, Kuyuk Pass, and The Vicinity of Birlik and Kenestobe) with 

limited economic activity, introducing a system for long-term monitoring of the number and age structure of populations using 

standardized techniques, as well as assessing opportunities for reintroduction of the species to suitable sites. Further research on 

reproductive biology and ecological interactions is essential for ensuring the species' long-term survival in the Syrdarya Karatau 

Mountain Range. 
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INTRODUCTION 

Allochrusa is a genus belonging to the family 

Caryophyllaceae. This family includes 81 genera and 2625 

species (Gemejiyeva and Grudzinskaya 2018), where 215 

species from 30 genera are found in Kazakhstan 

(Mursaliyeva et al. 2023a). Previously, species of the genus 

Allochrusa were included in the genus Acanthophyllum; 

which consisted of nine species. Currently, The Plant List 

(2024) includes eight recognized species into Allochrusa, 

namely A. bungei, A. paniculata, A. gypsophiloides, A. 

persica, A. tadshikistanica, A. takhtajanii, A. transhyrcana, 

A. versicolor, while according to the POWO (2025), there 

are 11 species belong to this genus with the addition of A. 

lutea, A. pulchella, A. ferganensis. 

Allochrusa gypsophiloides (syn. Acanthophyllum 

gypsophiloides) is an endemic Central Asian species 

(Mursaliyeva et al. 2023b). This plant grows in desert loess 

steppes and on gravelly foothill slopes. It is a 

mesoxerophyte species with flowering period is May-July 

(Ghaffari 2021). Allochrusa gypsophiloides is found in the 

mountains of Central Asia from the foothills to the mid-

mountain belt. The eastern border runs along the Western 

Tien Shan. In Kazakhstan, it is found in the Syrdarya 

Karatau, Talas Alatau, Kazygurt, and Kyrgyz Alatau 

Ranges (Aidarbayeva et al. 2022; Berdikulov et al. 2023). 

The species has a long lifespan sustaining with a strong 

rhizome and highly branched above-ground part. Plant 

height is 50-90 cm, with a strongly developed tap root. 

Stems are numerous, straight, whitish-colored; leaves are 

up to 2 cm long and 3 mm wide, linear-awl-shaped. 

Flowers are the shoot tips with narrowly white-edged teeth 
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branches in loose dichasias (Mamadalieva et al. 2023). 

In terms of phytochemical composition, Allochrusa is 

rich in biologically active compounds, including saponins, 

amino acids, essential oils, inulin, as well as carbohydrates, 

flavonoids, and vitamins. Allochrusa’s root is a rich source 

of saponin, a natural biosurfactant with high potential for 

food applications. In addition, saponin has hemolytic 

activity, anti-inflammatory, antifungal and adjuvant 

properties (Tuleuov et al. 2018; Tileshova et al. 2024). 

Allochrusa gypsophiloides is characterized by an increased 

level of triterpene saponins of the oleanolic series in the 

roots. The saponins Allochrusa B, C and D- derivatives of 

gypsogenin and quilic acid - were extracted from them 

(Khatuntseva et al. 2012). For many years, A. 

gypsophiloides was exported as a valuable source of plant 

saponins with annual planned volumes of dry roots 

collection reached 700-800 tons (Mamadalieva et al. 2024). 

The raw materials of A. gypsophiloides are used in food, 

pharmaceutical, construction, fur, textile, dyeing and 

perfume industries (Jakimiuk et al. 2022; Temirgaziev et al. 

2019). In the 50-80s, technical saponin A. gypsophiloides 

was used in the manufacture of foam concrete to improve 

the technological qualities of concrete, heat-insulating 

properties, and durability of concrete structures of 

irrigation systems. Industrial harvesting of soap root took 

place in Central Asian and Kazakhstan, nevertheless since 

the 1950s, due to the depletion of natural thickets in 

Central Asian countries, Kazakhstan has remained the sole 

supplier of A. gypsophiloides (Mursaliyeva et al. 2023c). 

Allochrusa gypsophiloides is included in the Red Data 

Books of Kazakhstan (1978; 1981; 1984, 2014) (Red Data 

Book of Kazakhstan 2014). Unregulated root harvesting 

has caused a sharp decline in population size and a significant 

reduction in the species' range. Currently, only a small portion 

of the population is protected within the Aksu-Zhabagaly 

and Karatau Reserves (Mursalıyeva et al. 2020). 

Previously, the species was one of the most widespread 

plants in its range. Currently, this species has a relatively 

limited territory, and it is found in the foothills of some 

mountain ranges of the Western Tien Shan (Mursalıyeva 

and Imanbayeva 2020). 

Biodiversity conservation is a global priority, as 

essential bioresources are limited and face the risk of 

decline or extinction. Its significance is recognized across 

all ecosystem levels, with international programs dedicated 

to assessing, monitoring, and preserving biodiversity 

(Gafforov et al. 2024; He et al. 2024; Myrzagaliyeva et al. 

2024). In Central Asia, significant research has been 

conducted in this field (Abduraimov et al. 2022, 2023; 

Saribaeva et al. 2022; Khojimatov et al. 2023), highlighting 

the need for continued efforts to protect and sustain 

biodiversity.  

The aim of this study was to investigate and assess the 

distribution and population abundance of A. gypsophiloides 

and to characterize soil properties of their populations in 

natural habitats, including the ontogenetic structure of their 

populations. The following hypotheses have been put 

forward in the framework of the study: (i) populations of A. 

gypsophiloides have low density and limited distribution 

due to specific soil conditions and environmental factors; 

(ii) generative individuals dominate populations, which 

may indicate the stability of the species in the short term, 

but the low density and absence of senile individuals 

indicates potential risks for long-term survival; (iii) soil 

characteristics such as humus level, nutrient content and 

pH play a key role in creating optimal conditions for the 

growth of the species. The obtained results can serve as a 

scientific basis for developing measures for the 

conservation and sustainable use of A. gypsophiloides, 

including recommendations for regulating anthropogenic 

load and selecting priority areas for monitoring and 

restoring populations. 

MATERIALS AND METHODS 

Study area and period 

The object of the study is A. gypsophiloides population, 

distributed in Syrdarya Karatau, Kazakhstan. The research 

work was carried out in the period 2022-2024. 

Geographical zoning and names of mountain ranges are 

indicated according to the Physical Map of Kazakhstan 

(2023). During the study, four populations of A. 

gypsophiloides were identified, the first population (P1) in 

Sayasu Gorge, the second population (P1) in Kuyuk Pass, 

the third population (P3) Vicinity Birlik Village, and the 

fourth population (P4) Vicinity Kenestobe Village (Figure 

1) (Pop 1 - E 70°43'12.00" N 42°53'60.00"; Pop 2 - E 

70°58'40.00" N 42°45'33.00"; Pop 3 - E 69°29'33.36" N 

42°58'49.44"; Pop 4 - E 69°37'18.16" N 43° 2'7.69").  

The Syrdarya Karatau ridge extends 420 km northwest 

from the western end of the Kyrgyz Alatau and the 

northern slopes of the western Talas Alatau, reaching into 

the arid landscapes of the Syrdarya’s right bank. Its average 

absolute elevation ranges from 1,000 to 1,500 meter above 

sea level (m asl), while relative heights from the foothills 

are just a few hundred meters. The ridge is composed of 

shales, sandstones, conglomerates, and limestones. Its 

peaks are relatively flat, while the slopes are steep and 

rugged (Imanbayeva et al. 2024; Kenesbay et al. 2024). 

In Syrdarya Karatau, the average temperature in 

January is -10°C. However, the difference between the 

average January temperatures on the northeastern and 

southwestern slopes ranges from 4-6°C, due to the 

warming influence of air masses on the southwestern 

slopes. Annual precipitation varies depending on elevation: 

the foothill slopes receive 200-400 mm, while the higher 

areas receive 400-600 mm. The distribution of vegetation 

in this climate is primarily influenced by three key factors: 

terrain, soil composition, and moisture availability 

(Terekhov et al. 2021). 
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Figure 1. Map of the four studied populations of Allochrusa gypsophiloides: Sayasu Gorge (P1), Kuyuk Pass (P2), Vicinity Birlik 

Village (P3), Vicinity Kenestobe Village (P4)  

 

 

 

At the foot of the Karatau Range, to the northwest, the 

plains are covered with grey-brown desert soils and light 

northern serozem soils, which gradually transition into 

southern serozem soils further south. In the mountains, 

light and ordinary serozem soils are predominant (Pachikin 

et al. 2022). On the steep and sloping slopes of both 

Northern and Southern Karatau, saline mountain serozem 

soils are widespread, while lower foothill areas are 

characterized by serozem soils (Kakabayev et al. 2024). 

Geobotanical analysis 

The study was carried out in accordance with generally 

accepted methods in population studies. The coordinates of 

all populations were determined using a GPS unit. Field 

geobotanical studies were carried out to identify 

phytocenotic features of A. gypsophiloides populations. 

The species composition and vegetation cover of plant 

communities were determined (Kubentayev et al. 2021; 

2023; Tynybekov et al. 2024). The age of the population 

was determined using the Uranov’s classification (Ydyrys 

et al. 2024). 

Populations were characterized using botanical 

description forms. Accordingly, in each population, 15 

plots with size of 100 m2 per plot were allocated using a 

common methodology, resulting a total of 60 observation 

plots. Population density was determined by the number of 

individuals per unit area. Special attention was given to 

mean density, i.e. the number of individuals per unit of 

total space or ecological density, i.e. the number of 

individuals per unit of inhabited space that could actually 

be occupied by the population. This was followed by the 

following main steps: determination of the vegetation type 

based on dominant species; floristic composition of the 

community, and morphological features of the 15 

replicates. Allochrusa gypsophiloides distribution maps and 

schematic maps were prepared using ArcGIS GIS software 

(ArcGIS Desktop 10.4 2024). 

Soil analysis 

During the field studies, morphological methods were 

applied to ensure the accuracy and reliability of soil 

diagnostics, as well as to characterize their morphological 

properties (Korolyuk 2012). In total, 12 soil profiles were 

laid in the areas where populations were found. For 

chemical soil analysis, 48 samples were collected, each 

analyzed in four replicates. Soil samples were analyzed in 

the analytical laboratory of U.U. Uspanov Kazakh 

Research Institute of Soil Science and Agrochemistry, 

Kazakhstan. Soil organic matter content was determined by 

Tyurin method. Total nitrogen was analyzed by titration 

(Kjeldahl method). Total phosphorus and potassium were 

measured using a spectrophotometer (Specord 210 Plus, 

Germany). Soil pH was determined using a pH-meter (I-

160MI, 2007, Russia). CO₂ content-using a calcimeter. 

Granulometric composition was determined by Kachinsky 

method. Total salt content in soil was analyzed using a 

flame photometer (Flapho4, Germany).  

Statistical analysis 

Correlation analysis was calculated using the R-studio 

statistical platform to analyze morphological parameters 

between populations (R-Studio Team 2020). The Pearson 

correlation coefficient was used as a measure of the 

relationship between variables and the level of statistical 

significance was set at P<0.05. 
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RESULTS AND DISCUSSIONS 

Distribution of Allochrusa gypsophiloides 

Allochrusa gypsophiloides is distributed in the Syrdarya 

Karatau, Talas Alatau, Kazygurt, Kyrgyz Alatau in South 

Kazakhstan and in the Chatkal and foothills of the Ugam 

Range (Uzbekistan). Herewith the herbarium specimens 

studied to obtain the geographical distribution of A. 

gypsophiloides: Syrdarya Karatau, Boztorgai Gorge, 

19.VII.1974, Pimenova ME and Sdobnina LI (MW); South 

Kazakhstan, Beltau Mountain (Alymtau), 21.V.1989, 

Klyuikov EV (MW); Uzbekistan, Tashkent Region, Galva-

sai (Gazalkent), 8.VII.1969, Dyukhananov (MW); 

Uzbekistan, Tashkent Region, western spurs of Chatkal 

ridge, slope above Chatkal river opposite Obirahmat tract, 

9.VI.2015, Gaziev A (TASH); South Kazakhstan, Talas 

Alatau, Aksu-Zhabagly reserve, Aksu canyon, 14.VII.1961, 

Barabanov E (MW); Ugam River Gorge, stony slope, 

19.VII.1958, Medvedeva L (LE); South Kazakhstan, 

Bostandyk, Ugam Ridge, headwaters Sidzhak-sai Gorge, 

stony slope, 22.VII.1953, Pavlov V (MW); Karatau 

Mountains, Bir-Isak River, 3.VI. 1952, Parfentova N 

(MW); Zhambul Region, Karatau Mountains, foothill 

steppe under Mingelke, 28.VI.1940, Pavlov N (MW); 

Western Tien-Shan, Karatau Mountains, northern foothills, 

rubbly slope, near Suleyman-say Mine, 19.VI.1936, 

Chilikina L (MW); South Kazakhstan, Arys District, 15.2 

km west of Montaitas Village, 28.VI.2015, Gemedzhieva N 

(AA); South Kazakhstan, Kazygurt District, 4.2 km south-

west of Rabat settlement, 1.VII.2015, Gemedzhieva N 

(AA); South Kazakhstan, Saryagash District, 19.3 km 

north-west of Shymyrbai settlement, 3.VII.2015, 

Gemedzhieva N (AA); South Kazakhstan, Tolebi District,  

4 km west of Abai settlement, 6.VII.2015, Gemedzhieva N 

(AA); Zhambyl Region, eastern slope of Syrdarya Karatau, 

Sayasu Gorge, gorge slope, 12.VI.2022, Kulymbet K and 

Tastanbekova A (AA); Zhambyl Region, Syrdarya Karatau, 

Kuyuk Pass, rubbly slope, 14.VI.2022, Kulymbet K and 

Tastanbekova A (AA); Turkestan Region, Vicinity Birlik 

Village, 16.VI.2022, Kulymbet K and Tastanbekova A 

(AA); Turkestan Region, Vicinity Kenestobe Village, 

16.VI.2022, Kulymbet K and Tastanbekova A (AA). The 

distribution map is presented in Figure 2. 

Phytocenotic structure of Allochrusa gypsophiloides 

During the field studies, four populations of A. 

gypsophiloides were characterized: P1 in Syrdarya Karatau: 

Sayasu Gorge, P2 in Kuyuk Pass, P3 in Karatau Foothill 

Plain, Vicinity of Birlik Village, and P4 in Karatau Foothill 

Plain, Vicinity of Kenestobe Village. The species inhabits 

gravelly foothill slopes and stony hills (Figure 2). 

Allochrusa gypsophiloides starts its vegetative growth 

from late April and lasts to early June. The flowering 

period typically spans from early June to August, followed 

by fruiting in August. The overall vegetation period lasts 

about five months. The seasonal development of this 

species is influenced by the altitude of its habitat, with 

higher elevations potentially extending the vegetative 

period. The plants produce a limited number of seeds, 

which also have relatively low germination rates. In its 

natural habitat, A. gypsophiloides reproduces exclusively 

through seeds, while vegetative reproduction was not 

observed. The species is highly dependent on seed-based 

reproduction and is particularly vulnerable to 

anthropogenic pressures, such as plowing and overgrazing, 

which can severely impact its growth and survival. 
 

 

 

 
 

Figure 2. Distribution sites of Allochrusa gypsophiloides based on herbarium specimens 
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P1. Syrdarya Karatau, Sayasu Gorge. Exposure: 

eastern, located on slope 250. Dominant species in a 

community included A. gypsophiloides, Rosa persica, 

Cerasus erythrocarpa, Lappula occultata. Total vegetation 

cover: 70%. Associated species were Pseudosophora 

alopecuroides, Ziziphora clinopodioides, Lagochilus 

platycalyx, Centaurea pseudosquarrosa, Astragalus 

globiceps, Artemisia leucodes, Eremurus tianschanicus, 

Achillea biebersteinii, Halimodendron halodendron, 

Lappula sinaica, Taeniatherum crinitum. Ferula 

karatavica, Poa bulbosa, Cousinia affinis, Couisinia 

syrdariensis, Aegilops cylindrica, Phlomis salicifolia. 

Stony-gravelly, 60% large stones. 

P2. Syrdarya Karatau, Kuyuk Pass. Exposure: north-

western, located on the slope 170. Dominant species in a 

community included A. gypsophiloides, R. persica, A. 

cylindrica, A. leucodes. Total vegetation cover: 80%. 

Associated species were C. erythrocarpa, C. 

pseudosquarrosa, Rhaphidophyton regelii, R. persica, 

Cousinia karatavica, Cousinia alberti, Capparis herbacea, 

Atraphaxis pyrifolia, Rosa hissarica, Z. clinopodioides, P. 

bulbosa, Galium verum, F. karatavica, P. salicifolia, A. 

globiceps, Alcea nudiflora. Stony-gravelly, stony 30-40%. 

P3. Karatau plain, vicinity Birlik village. The relief is 

an undulating plain. Dominant species in a community 

included A. gypsophiloides, Achillea millefolium, R. 

persica, A. leucodes. Total vegetation cover: 70%. 

Associated species were Phragmites australis, P. 

alopecuroides, T. crinitum, Haplophyllum perforatum, 

Haplophyllum latifolium, Hulthemia berberifolia, 

Artemisia diffusa, Ceratocarpus utriculosus, Psoralea 

drupacea, Acroptilon repens, Plantago lanceolata, Alhagi 

pseudoaihagi, Ferula foetida, Pseudohandelia umbelifera.  

P4. Karatau plain, vicinity Kenestobe village. The relief 

is an undulating plain (Figure 3). Dominant species in a 

community included A. gypsophiloides, A. millefolium, A. 

leucodes, A. diffusa. Total vegetation cover: 80%; 

Associated species were T. crinitum, C. utriculosus, 

Polygonum patulum, H. perforatum, H. latifolium, Malva 

neglecta, P. alopecuroides, Glycyrrhiza glabra, P. 

lanceolata, M. neglecta, R. persica, Artemisia cina, 

Phlomoides sewerzovii, Handelia trichophylla, P. 

umbelifera, P. drupacea. 

In nature, there is a noticeable trend of sharp population 

declines for the studied species. Across all populations, the 

total number of A. gypsophiloides individuals was 91. The 

average population density ranged from 0.15 to 0.29 

individuals per square meter across four different 

populations. The morphometric and quantitative indicators 

of A. gypsophiloides in the studied populations are 

presented in Table 1. 

 

 

 

 
 

 

  
 

Figure 3. Ecological conditions of Allochrusa gypsophiloides habitats in different populations in Kazakhstan: A. Rocky-gravelly slope 

in Sayasu Gorge (population 1); B. Northwestern slope in Kuyuk Pass (population 2); C. Undulating plain in Vicinity Birlik Village 

(population 3); D. Undulating plain in vicinity Kenestobe Village (population 4) 
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Table 1. Morphometric and quantitative indicators of Allochrusa gypsophiloides in Syrdarya Karatau, Kazakhstan 

 

Morphometric and 

quantitative indicators 

Height of generative 

individuals at the time of 

flowering (cm) 

Number of 

adults per 1 m2 

(pcs) 

Number of shoots 

per individual (pcs) 

Number of flowers 

per individual (pcs) 

P1 M 67.04 0.15 297.80 958.10 

SD 7.43 0.01 37.43 71.53 

P2 M 35.46 0.27 218.10 673.60 

SD 4.12 0.03 33.53 45.58 

P3 M 40.22 0.29 226.20 725.20 

SD 4.93 0.03 38.43 68.63 

P4 M 44.42 0.21 251.40 832.70 

SD 5.26 0.02 39.47 73.43 

Note: M: Mean; SD: Standard Deviation 

 

 

 

The study analyzed the types of populations. The 

longest developmental stage in the ontogeny of A. 

gypsophiloides occurs during the middle-aged generative 

phase. As a result, the characteristic ontogenetic spectrum 

for this species is centered around the mature generative 

individuals, with the highest concentration observed in this 

age group. Based on these findings, most populations were 

classified as generative and transitional. 

In A. gypsophiloides, g1 individuals (young generative 

plants) are found in large numbers across the populations. 

However, senile (s) individuals are absent in all studied 

populations, and immature (im) individuals are not present 

in populations P3 and P4. In populations P2, P3, and P4, 

generative individuals are predominant. In population P1, 

the proportion of g1 (young generative) individuals is 

20.0%, while in populations P2, P3, and P4, this proportion 

ranges from 18.52% to 33.34%. The number of post-

generative individuals across all populations is minimal, 

with the proportion of sub-senile (ss) plants varying from 

0% to 13.34%. 

The overall condition of population P1 is generally 

satisfactory, though the plants are more spaced out, and 

their overall abundance is significantly lower compared to 

the other populations. In P2, post-generative individuals are 

absent, and the number of pre-generative and generative 

individuals sufficiently abundant. Specifically, the 

population consists of 44.44% immature (im), 33.34% 

vegetative (v), 18.51% young generative (g1), and 3.71% 

mature generative (g2) individuals. In terms of age 

structure, among all the studied populations P2 is the 

youngest. P3 and P4 exhibit two distinct age classes: the 

first class (24.14-33.34%) consists of young generative 

plants (g1), while the second class (28.57-44.83%) includes 

middle-aged generative individuals (g2). These age 

distributions suggest that the natural habitat conditions in 

these populations are more favorable compared to those of 

other populations. In P4, generative individuals make up a 

substantial portion, ranging from 9.52% to 33.4% of the 

total population. Notably, sub-senile (ss) and senile (s) 

individuals are absent. The population's size is considered 

medium, and its overall condition is rated at a medium 

level. In terms of individual abundance, P4 falls within the 

normal category. Regarding plant development, the 

individuals in this population are fully mature, with well-

developed leaves and flowers. 

The populations of this species are generally considered 

normal, though most individuals are incompletely mature. 

The absence of certain age groups on the lower end of the 

age spectrum can be attributed to irregular seed 

regeneration, the loss of immature individuals due to 

various climatic factors, and intensive grazing. A 

characteristic trait of the species is the low presence of 

senile individuals in populations, as most do not survive 

beyond the mature generative stage. 

To evaluate the significance of differences between 

populations, a correlation analysis was conducted using the 

following parameters: the height of generative individuals 

at the time of flowering, the number of individuals per 

square meter (m²), the number of shoots, and the number of 

flowers. According to the correlation analysis of the 

morphological parameters between populations, a weak 

negative correlation was observed in the height of 

generative individuals between P1 and P3, as well as 

between P2 and P4. Regarding the number of individuals, a 

weak positive correlation was found between P1 and P2, 

while a weak negative correlation was noted between P1 

and both P3 and P4. In terms of the number of flowers, a 

positive correlation was observed between P1 and P2, as 

well as between P2 and P4 (Figure 4). 

To examine the relationship between trait groups of 

generative individuals of A. gypsophiloides, we conducted 

a correlation analysis of morphological indicators. Pearson 

correlation analysis revealed that, during flowering, the 

average height of individuals in P2, P3, and P4 showed a 

positive correlation with both the number of shoots and the 

number of flowers. In all populations, however, the height 

of individuals during flowering was negatively correlated 

with the number of individuals. The number of shoots 

exhibited the strongest positive correlation with the number 

of flowers (Nf: 0.99). Additionally, in P2 and P4, a positive 

correlation was observed between the height of generative 

individuals and the number of shoots (Figure 5). 

A strong to moderate positive correlation was observed 

between the number of shoots and the number of flowers, 

as well as between the height of generative individuals and 

the number of flowers. In most populations, the 

relationships between traits were characterized by moderate 

correlation coefficients. The lowest correlation values were 

found in populations inhabiting unfavorable climatic 

conditions. As environmental conditions deteriorate, the 
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average correlation level may decrease, indicating signs of 

ecological stress in plants. 

Soil analysis of the Allochrusa gypsophiloides habitats 

Morphological characteristics of soil 

The soil profile in the Sayasu Gorge of Syrdarya 

Karatau (P1) is presented in Table 2. The site has a slope 

angle of 250 (very steep) and soil type of Mountain 

northern serozem soils. In general, the morphological 

characteristics of the soil are light gray, sandy loam, 

compacted, dusty, with a granular structure, having a high 

content of stones. From a depth of 35 cm (A+B), the profile 

shows a slight boiling under the influence of acids. 

 

 

 

  

  
 

Figure 4. Correlation analysis of morphometric parameters between populations (A-D): A. Height of generative individuals at the time 

of flowering period (cm); B. Number of adult individuals (pcs); C. Number of shoots per individual (pcs); D. Number of flowers per 

individual (pcs) 

A 

C 

B 

D 



 BIODIVERSITAS 26 (5): 2051-2064, May 2025 

 

2058 

  

  
 

Figure 5. Morphometric parameters and quantitative indicators of individuals in populations P1-P4 (A-D): Hp. Height of generative 

individuals at the time of flowering period (cm); Np. Number of adult individuals (pcs); Ns. Number of shoots per individual (pcs); Nf. 

Number of flowers per individual (pcs) 

 

 

 

Table 2. Morphological characteristics of soil in Sayasu Gorge of the Syrdarya Karatau (P1), Kazakhstan 

 

Horizon Depth 

(cm) 

Thickness 

(cm) 
Description 

А 0-15 15 Light gray, dry, sandy loam, dust-granular, powdery, friable, finely porous, abundant fine roots 

and root hairs, no plant residues, rocky inclusions, not boiling, transition clear 

В 15-35 20 Dark gray, dry, sandy loam, powdery-granular, dense, close to fused, rich root system, rocky 

inclusions, not boiling, transition gradual 

ВС 35-70 35 Brown, slightly moister than the upper horizon, sandy loam, granular, compacted, contains 

only fine roots, rocky inclusions, slightly boiling 

A 

C D 

B 
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Table 3. Morphological characteristics of soil in Kuyuk Pass of the Syrdarya Karatau (P2), Kazakhstan 

 

Horizon Depth 

(cm) 

Thickness 

(cm) 
Description 

А 0-10 10 Gray-brown, dry, compacted, dusty-granular, low moisture content, abundant fine roots and 

rocky inclusions, gradual transition to the next horizon, not boiling 

В 10-30 20 Light gray-brown, dry, compacted, dust-granular, low moisture content, contains many roots, 

and has rocky inclusions, slightly boiling, transition gradual 

ВС 30-70 40 Light brown, compacted, granular, thin roots present, containing gravelly and rocky inclusions, 

slightly boiling 

 

 

 

The soil profile in Kuyuk Pass of the Syrdarya Karatau 

(P2) is presented in Table 3. The site has a slope angle: 170 

(moderately steep) with soil type of Mountain gray-brown 

soils. Mountain gray-brown soils are characterized by a 

compacted, granular texture, with low moisture retention 

capabilities. These soils are rich in rocky inclusions, which 

contribute to their coarse structure, and exhibit a slightly 

alkaline reaction. Due to their compact nature and limited 

ability to hold moisture, these soils can present challenges 

for plant growth, particularly in areas where water 

availability is a key factor for development. 

The soil profile in the Karatau foothill plain of the 

Syrdarya Karatau (P3 and P4) is presented in Table 4. The 

site has a slope angle: 30 (undulating plain) with soil type 

of Southern serozem soils. In general, the soil has light 

gray coloration and is composed of medium loam with a 

granular texture. It is dense and exhibits a high degree of 

acidity throughout all soil horizons. 

Soil chemistry  

The results of laboratory soil analysis of mountain 

northern serozem soils in Sayasu Gorge (P1) showed that 

the humus content in the 0-70 cm layer was at a very low 

level, ranging from 1.52% to 2.62%. The availability of 

nutrients is also low: nitrogen: 0.140-0.160%; phosphorus: 

0.172-0.192%; potassium: 3.125-3.312%. The soil reaction 

is slightly alkaline, with a pH of 7.72-7.98. The CO₂ 

content ranged from 0.26 to 0.42 (Figure 4). 

The mountain gray-brown soils in Kuyuk Pass (P2), the 

humus content was low, ranging from 2.62% to 2.96%. 

Nutrient elements were also present in small amounts: 

nitrogen: 0.100-0.120%; phosphorus: 0.160-0.172%; 

potassium: 3.250-3.312%. The soil reaction is slightly 

alkaline, pH 7.85-7.98. The CO₂ content ranged from 0.26 

to 0.51. The mountain southern serozem soils in the 

Karatau plain (P3 and P4), the humus content was very 

low, ranging from 0.83% to 0.96%. The availability of 

nutrients is also low: nitrogen: 0.040-0.050%; phosphorus: 

0.144-0.160%; potassium: 2.187-2.312%. The soil reaction 

was medium alkaline, pH of 8.55-8.69 and CO₂ content of 

4.91 to 7.04. 

P3 had the lowest humus content, suggesting poor 

organic matter levels and limited decomposition of plant 

residues. P2, on the other hand, exhibited a slightly higher 

humus level compared to the other populations, likely due 

to more favorable local environmental conditions and 

microclimate factors. Despite its relatively higher humus 

content, P2 contains less nitrogen than P1, which may limit 

plant growth and development. P3 showed significantly 

higher CO₂ content, which is associated with intensive 

carbonate decomposition in an alkaline environment, 

whereas P1 and P2 had low CO₂ levels. 

Soil texture 

The granulometric composition of the soil profile in 

Sayasu Gorge (P1), the coarse sand fraction (0.25-1.0 mm) 

predominated, accounting for 66.58%, followed by the fine 

sand fraction (13.70%). The sequence of decreasing 

fraction content in the soil profile (%) was as follows: 

coarse sand 66.58% ˂ fine sand 13.70% ˂ fine dust 6.62% 

˂ dust 4.87% ˂ coarse dust 4.19% ˂ medium dust 4.04%. 

Based on the content of fractions <0.01 mm, the soil was 

classified as sandy loam (15.53%). 

The granulometric composition of the soil profile in 

Kuyuk Pass (P2), the coarse sand fraction (0.25-1.0 mm) 

also predominated, accounting for 56.95%, followed by the 

fine sand fraction (27.97%). The sequence of decreasing 

fraction content in the soil profile (%) was as follows: 

coarse sand 56.95% ˂ fine sand 27.97% ˂ dust 5.11% ˂ 

coarse dust 3.77% ˂ medium dust 3.37% ˂ fine dust 2.83%. 

Based on the content of fractions <0.01 mm, the soil was 

classified as sandy loam (11.30%). The granulometric 

composition of the soil profile in the Karatau plain (P3 and 

P4), the coarse dust fraction (0.01-0.05 mm) predominated, 

accounting for 33.05%, followed by the medium sand 

fraction (25.35%). The sequence of decreasing fraction 

content in the soil profile (%) was as follows: coarse dust 

33.05% ˂ medium sand 25.35% ˂ fine dust 16.93% ˂ dust 

13.00% ˂ medium dust 9.21% ˂ coarse sand 2.46%. Based 

on the content of fractions <0.01 mm, the soil was 

classified as medium loam (39.14%) (Figure 6). 

P1 and P2 are located in areas with sandy loam soil, 

which has a high sand fraction, making the soil relatively 

dry and low in fertility. In contrast, populations 3 and 4 

inhabit areas with loamy soil that is rich in fine particles, 

which helps retain moisture and improves soil fertility. 

P3 and P4 are situated in areas with the most fertile and 

favorable soils for plant growth, providing an optimal 

environment for their development. In contrast, P1 and P2 

are likely to experience limitations in moisture and nutrient 

availability, which may hinder plant growth and overall 

population vitality. These differences in soil fertility and 

resource availability can significantly influence the growth 

patterns and sustainability of each population. 
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Table 4. Morphological characteristics of soil in the Karatau foothill plain of the Syrdarya Karatau (P3 and P4),  Kazakhstan 

 

Horizon 
Depth 

(cm) 

Thickness 

(cm) 
Description 

А 0-10 10 Light gray, dry, medium loamy, nutty-powdery, slightly compacted, medium porous, contains 

dead plants, strongly boiling. 

В 10-26 16 Brown, dry, medium-loamy, nutty-cubic-granular, compacted, medium porous, contains 

medium and fine roots, strongly boiling. 

ВС 26-80 54 Brown, dry, heavy loam, nutty-granular, slightly compacted, medium porous, white veins are 

found, burrows and insect passages are visible, medium-sized roots are present, strongly boiling. 

 

 

 

P1 

 
P2 

 
P3 

 
 

Figure 6. Analytical indicators of the soils in Allochrusa gypsophiloides habitats: A. Granulometric composition, fractions (%); B. 

Humus, CO₂ (%); C. pH; D. Total N (nitrogen), total P₂O₅ (phosphorus) (%) 

D C B A 

A B C 

D 

D 

C B A 
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Soil salinization, the process of accumulation of easily 

soluble salts in the soil profile, which is not compensated 

by their removal. As a result of salinization, salt horizons 

and a salt profile of the soil are formed (Amirov et al. 

2023; Osmonali et al. 2024a, b; Balkybek et al. 2025). 

The composition of the soil water extract in P1 was as 

follows: CO₃²⁻: not detected; HCO₃⁻: 0.08-0.16; Cl⁻: 0.04; 

SO₄²⁻: 0.10-0.30; Ca²⁺: 0.10; Mg²⁺: 0.10-0.20; Na⁺: 0.04-

0.06; K⁺: 0.02. The total salt content ranged from 0.019 to 

0.026%. The soil is non-saline, and the salt content 

decreases with depth. The main salts are chlorides and 

sulfates, with low alkalinity. 

The composition of the soil water extract in P2 was as 

follows: CO₃²⁻: not detected; HCO₃⁻: 0.28-0.48; Cl⁻: 0.04-

0.18; SO₄²⁻: 0.02-0.05; Ca²⁺: 0.20-0.29; Mg²⁺: 0.10; Na⁺: 

0.05-0.18; K⁺: 0.07-0.11. The total salt content ranged from 

0.017 to 0.029%. The soil is non-saline, but has increased 

alkalinity, especially in deeper horizons. The levels of 

chlorides and sulfates are low, but sodium concentration 

increases with depth, which may indicate the initial stages 

of alkaline soil transformation. 

The composition of the soil water extract in P3 and P4 

was as follows: CO₃²⁻: not detected; HCO₃⁻: 0.40-0.48; Cl⁻: 

0.04; SO₄²⁻: 0.23-0.43; Ca²⁺: 0.39-0.49; Mg²⁺: 0.20-0.29; 

Na⁺: 0.06; K⁺: 0.02-0.07. The total salt content ranged from 

0.024 to 0.029%. The soil is non-saline, although it has a 

higher salt content compared to P1 and P2. In the middle 

horizon (10-26 cm), there is a notable accumulation of 

chlorides, sulfates, and cations. This accumulation suggests 

the downward migration of salts within the soil profile. The 

presence of salts in this specific horizon could be indicative 

of ongoing soil processes, such as the leaching of salts 

from the upper layers and their subsequent deposition in 

the middle horizon. Such patterns of salt distribution might 

be influenced by environmental factors, such as water 

movement through the soil or evaporation at the surface 

(Figure 7). 

The soils of mountain northern serozems (P1), 

mountain gray-brown soils (P2), and southern serozems 

(P3 and P4) share a similar chemical composition, 

characterized by low humus content and limited nutrient 

availability. The soil reaction varies from moderately 

alkaline to strongly alkaline across these populations. In 

terms of granulometric composition, these soils are 

classified as sandy loam and medium loam, which further 

contribute to their relatively poor fertility and low water 

retention capacity. 

The study of A. gypsophiloides populations in the 

Syrdarya Karatau region makes it possible to understand 

the ecological features of the species, its reproductive 

limitations and vulnerability to environmental and 

anthropogenic stresses. The data obtained indicate several 

key factors affecting the survival and distribution of A. 

gypsophiloides, which are crucial for the conservation 

efforts of the species. The discovered populations of A. 

gypsophiloides are confined to gravelly foothill slopes and 

rocky hills, indicating a preference for a well-drained, 

rocky environment. This specificity of habitats is consistent 

with previous studies on the flora of steppes and semi-

deserts, where plant species show strong adaptation to soil 

conditions and microclimatic variations (Ozenda 2009). 

Allochrusa gypsophiloides grows at altitudes from 400 to 

1300 m asl. In Kyrgyzstan, this species is found on dry 

river slopes and abandoned arable lands at altitudes of 400-

700 m (Mamadalieva et al. 2023), and in Kazakhstan it 

inhabits the foothills and mountains of South Kazakhstan 

and Zhambyl region, from foothill plains to the middle 

mountain belt.  
 

 

 

 
 

  

A B C 

 

Figure 7. Salt profile of soils (mg-eq) in Allochrusa gypsophiloides habitats 
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According to our studies, A. gypsophiloides grows at 

altitudes from 451 to 845 m asl. The distribution of this 

species across altitudes and substrates is determined by the 

combined influence of edaphic (soil) and climatic factors. 

Altitudinal confinement indicates the dependence of A. 

gypsophiloides on temperature regime, moisture level and 

other climatic conditions, while preference for certain 

substrates emphasizes the importance of soil composition 

and chemical characteristics of the environment. This 

makes the species particularly vulnerable to environmental 

changes, as climate fluctuations or soil disturbance can 

significantly affect its distribution and abundance (Aqeel et 

al. 2024). 

The reproductive biology of A. gypsophiloides is a 

critical factor determining its conservation status. This 

species relies solely on sexual reproduction by seed, but it 

produces few seeds with low germination rates. Similar 

reproductive restrictions have been observed in other rare 

or endemic species, where limited seed production and 

high dependence of germination on the environment reduce 

the potential for population expansion (Fenner and 

Thompson 2005). The lack of vegetative reproduction 

further limits the ability to regenerate and recover after 

population decline, making it highly susceptible to local 

extinction (Kulymbet et al. 2023).  

The results showed that the correlation coefficient (R) 

between generative structures of populations was 100%, 

which is statistically significant (P<0.05). This indicates 

that the development of generative organs largely depends 

on the intake of nutrients during the development of 

vegetative structures. Optimal development of vegetative 

organs plays a crucial role in the successful formation of 

generative organs of the plant. Our results are consistent 

with existing literature that emphasizes the critical role of 

plant nutrient availability for successful reproduction. In 

other studies, a study conducted on soybean plants showed 

that reduced nutrient availability resulted in a significant 

decrease in pod production, indicating that nutrient 

deficiency during vegetative growth adversely affects 

reproductive performance (Smith et al. 2022). Similarly, 

studies on Epilobium hirsutum showed that conditions with 

higher soil moisture and nutrient availability favored both 

asexual and sexual reproduction, highlighting the 

importance of normal nutrient supply for reproductive 

development (Lee et al. 2017). 

The expansion of industry and agriculture, along with 

the extensive exploitation of natural resources, significantly 

disrupts the ecological balance, posing a serious risk to 

plant species diversity. As human activities continue to 

exert pressure on natural ecosystems, rare and endangered 

species become increasingly vulnerable. These species, in 

particular, are more susceptible to the negative impacts of 

habitat destruction, climate change, and resource depletion, 

which can lead to a decline in their population numbers and 

even push them toward extinction. 

Under natural conditions, the species exhibits a very 

low rate of self-renewal. A comparison of the ontogenetic 

structure of populations from different ecological and 

phytocenotic habitats revealed that the ontogenetic 

spectrum of all populations is single-peaked, with the peak 

centered on middle-aged generative individuals. This 

pattern is consistent across all populations, indicating that 

the species' ontogenetic spectra align with the characteristic 

distribution typically observed for this species. The low 

self-renewal rate, combined with the dominance of middle-

aged reproductive individuals in the population structure, 

highlights the species' reliance on specific ecological 

conditions for successful reproduction and regeneration. 

In conclusion, a detailed study of the reproductive 

characteristics and condition of populations of rare species 

is needed to accurately assess their long-term survival 

prospects and develop effective conservation strategies. In 

the case of A. gypsophiloides, special attention should be 

paid to the Population 1 located in the Sayasu Gorge, 

Syrdarya Karatau due to its extremely small population. 

Although the age composition of A. gypsophiloides 

populations is generally estimated to be relatively stable, 

their low density may pose a threat to sustainability and 

reproductive success. Taking these factors into account, it 

is necessary to implement targeted conservation measures, 

especially for the small and vulnerable population-1, in 

order to ensure the conservation of the species in its natural 

environment. These findings highlight the broader need to 

develop and implement proactive environmental policies 

aimed at protecting rare and endangered species from 

habitat loss and anthropogenic impacts. The integration of 

the data obtained into global biodiversity conservation 

programs can contribute to the development of more 

effective strategies for protecting flora and ensuring 

environmental sustainability. We recommend that A. 

gypsophiloides be considered for inclusion in the IUCN 

Red List. Given its limited distribution, ecological 

specificity, and ongoing anthropogenic pressures, such 

recognition would contribute to its global conservation 

visibility and support future protection measures. 
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