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Abstract

This study provides the first integrated characterization of soils associated with natural populations of Capparis

herbacea Willd. in southern Kazakhstan. Field surveys and soil sampling were conducted in June-July 2023 across

three contrasting sites: (Population 1, Sogeti Gorge), piedmont plain (Population 2, Merki), and semi-arid lowland

(Population 3, Saryagash) environments. Standard profile descriptions and laboratory analyses followed national

GOST and classical pedological methods. Across sites, soils were alkaline (pH 7.8-8.9) and carbonate-rich, with

low humus (0.18-6.3%). Texture ranged from light loam (P1) to medium loam (P2) and sandy loam (P3); moisture

distribution varied from higher values in mountain soils (up to 21.6%) to more uneven patterns in semi-arid

lowlands (6.5-20.7%). Available macronutrients were generally limited: P2 showed near-absent phosphorus, while

P3 had relatively higher potassium. Salinity contrasted sharply: P1-P2 non-saline (total salts ~0.037-0.062%),

whereas P3 exhibited moderate to strong salinity (0.082-0.910%), with upper horizons moderately saline and

deeper horizons strongly saline, dominated by sulfates and calcium ions. These findings represent the first base-

line data on soils supporting Capparis herbacea Willd. in southern Kazakhstan. Capparis herbacea Willd. demonstrates

strong ecological plasticity, tolerating both carbonate non-saline and sulfate-enriched saline soils. Its adaptability

highlights potential for use as a soil quality indicator and in restoration of degraded lands in Central Asia

Keywords: Capparis herbacea, soil morphology, granulometric composition, soil salinity, Southern Kazakhstan.

Introduction

Soil degradation is a major environmental challenge in

arid and semi-arid regions of Central Asia, manife-

sting through erosion, salinization, desertification,

and decline in fertility (Dou et al., 2022). In Kaza-

khstan, particularly in the southern and southeastern

regions, extreme climate and intensive land use

aggravate soil vulnerability (Mamurova et.al., 2025b),

undermining both ecosystem stability and agricultural

productivity (Jiang et al., 2022; Juliev et al., 2023). Ha-

lophytic and xerophytic plants play a key role in sta-

bilizing fragile soils, maintaining ecological balance,

and serving as bioindicators of environmental change

(Flowers and Colmer, 2008; Munns and Tester, 2008).

The genus Capparis is notable for its tolerance to

alkaline, saline, or nutrient-poor soils (Zhang and Ma,
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2018) The species retains biochemical and physio-

logical traits that allow survival in harsh edaphic

conditions (Wang et al., 2022). Though direct studies

on C.herbacea are limited (Fig. 1), recent phytochemical

analysis revealed that its root extracts (chloroform,

methanol) exhibit strong antioxidant activity, and the

main volatile compounds include T-cadinol, m-cymene,

pulegone, and σ-amorphene (Tleuberlina et al., 2023a).

In Central Asia, the species has also been noted in

ethnobotanical practices, where its extracts are tradizio-

nally employed to alleviate digestive and inflammatory

disorders (Tleuberlina et al., 2023b). This underscores

C.herbacea as a promising source of bioactive metaboli-

tes. Moreover, some Capparis spp. are used in erosion

Figure 1. 

Capparis herbacea 

Willd. in its 

natural habitat 

(southern 

Kazakhstan)

control and landscape restoration under arid conditions

(Wang and Zhang, 2022). Despite its ecological

importance, information on the soil environment of

Capparis herbacea populations in Kazakhstan remains

scarce. This gap limits our knowledge of the edaphic

factors that support its survival in arid and semi-arid

conditions (Mamurova et.al., 2025c). This study is the

first to investigate soils associated with three natural

populations of C.herbacea in southern Kazakhstan (Fig.

2). The research integrates morphological characteri-

zation, granulometric analysis, humus content, soil moi-

sture, nutrient availability (N, P, K), salinity, carbonate

accumulation, and pH variability. By establishing base-

line data, it advances the under-standing of halophyte-

soil interactions and provides applied knowledge for

land degradation mitigation, restoration of salinized

and eroded soils, and sustainable use of marginal lands

in Central Asia.

Materials and Methods

Research area (Fig. 2) and taxonomic identification

The taxonomic identity of Capparis herbacea Willd. (Fig.

1) was verified by a specialist from the Institute of

Botany and Phytointroduction (Almaty, Kazakhstan)

using the Flora of Kazakhstan (1956-1966) and the Illu-

strated Plant Identification Guide of Kazakhstan

(1969). Following the taxonomic verification, soil

sampling was carried out in the natural habitats of the

species.

№ Location Altitude, m asl Geographical coordinates

Population 1 Sogeti Gorge, Ile Alatau (Almaty region) 1450 42°47.395′ N, 73°02.509′ E

Population 2 Merki, Kyrgyz Alatau (Zhambyl region) 930 41°21.556′ N, 68°56.447′ E

Population 3 Saryagash, Turkistan region 350 41°21.556′ N, 68°56.447′ E

Figure 2

Location of the three studied 

populations of Capparis 

herbacea Willd. 

in southern Kazakhstan 

(Population 1 - Sogeti Gorge, 

Almaty region; 

Population 2 - Merki, 

Zhambyl region; Population 

3 - Saryagash, Turkistan 

region)
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Relief

The habitats of Capparis herbacea in southern

Kazakhstan span contrasting geomorphological zones,

including mountain slopes, piedmont areas, and semi-

arid plains (Hu et.al., 2020). In the Ile Alatau region,

steep slopes and colluvial deposits dominate, with

active erosion and sediment transport shaping shallow

and skeletal soils frequently subject to mudflows

(Mussina et al., 2023). The piedmont zones transition

into gently sloping alluvial and proluvial terrains,

promoting sediment deposition and soil accumulation

processes (Musina et.al., 2025). In the Turkistan

lowlands, aeolian activity prevails, forming dune

systems, salt flats (sors) - features common in Central

Asian deserts (Mustafayev et al., 2023). These relief

patterns influence hydrological flow, sediment

redistribution, and soil genesis, thereby creating distinct

edaphic gradients in moisture, texture, carbonate, and

salinity (Liu et.al., 2022) that affect C.herbacea

distribution and adaptation.

Climatic Conditions

The natural habitats of Capparis herbacea in Southern

Kazakhstan are characterized by a sharply continental

and predominantly arid climate, with pronounced

seasonal and diurnal fluctuations in temperature and

moisture availability (Kakabayeva et.al., 2024). Winters

are cold, with minimum air temperatures often

dropping below -25 °C, whereas summers are hot and

dry, with maxima reaching 38-40 °C (Adenova et.al.,

2024). Annual precipitation is unevenly distributed,

averaging 250-400 mm in the piedmont and semi-arid

plains and up to 600-700 mm in mountain foothills,

much of it falling in spring and early summer (Zhang et

al., 2020). Evaporation rates frequently exceed 900-

1000 mm per year, resulting in significant moisture

deficits that enhance aridity and favor the development

of xerophytic and halophytic vegetation, including

C.herbacea (Aralova et al., 2018). Periodic droughts and

high solar radiation intensify evapotranspiration and

accelerate soil salinization processes, particularly in the

semi-arid lowlands of Turkistan region (Tleuova et.al.,

2023). These climatic constraints strongly regulate soil

moisture dynamics, nutrient availability, and carbonate

accumulation, thereby shaping the ecological niches

where C.herbacea persists and adapts.

Field survey and laboratory methods

Field surveys were conducted from June to July 2023

across three populations of Capparis herbacea in the

southern Kazakhstan. At each site, representative soil

profiles were excavated to depths of 90-95 cm using

the key transect method (Mamurova et.al., 2025a).

Morphological descriptions included horizon depth,

color, structure, compaction, carbonate effervescence,

and root density, following standardized field protocols

(Rozanov, 2004; Korolyuk, 2012).Soil sampling was

complemented by laboratory analyses carried out at the

Kazakh Research Institute of Soil Science and Agro-

chemistry named after U.U.Uspanov (Almaty, Kazakh-

stan). Laboratory analyses assessed the physical and

chemical properties of soils in accordance with national

and international standards. Soil moisture content was

determined gravimetrically using aluminum containers.

Samples from each horizon were weig-hed, ovendried

at 105 °C for 5 hours, cooled in a desiccator (VENTI-

CELL, Germany), and reweighed using analytical

balances (MBS-300N, Germany) (Bobkova, 2008). For

numerous analytical procedures that require dry mass

equivalent, a moisture conversion coefficient was cal-

culated using the following formula:

К = 100 + а/100                   [1]

where a is the field moisture percentage. This coeffi-

cient was used to convert fresh-weight data to oven-dry

equivalents for accurate quantitative compa-rison and

standardization across samples. Soil pH was measured

potentiometrically in a 1:2.5 soil-to-water suspension

(GOST 26423-85), while carbon-ate content (CO₂) was

determined volumetrically by acid neutralization

(GOST 26425-85). Organic matter was quantified as

humus content using Tyurin’s titrimetric method

(GOST 23740-79). Particle-size distribution was deter-

mined by the Kachinsky pipette method (GOST 125-

36-2014), which confirmed that populations 1 and 2

were classified as medium loam, whereas population 3

belonged to the light loam category. Macronutrients

(N, P, K) were extracted with distilled water and quan-

tified by spectrophotometry for phosphorus, flame

photometry for potassium, and titration for nitrogen

(Arinushkina, 1977; Alexandrova, 1986; GOST 26205-

91). Exchangeable bases and water-soluble salts

(HCO₃⁻, CO₃²⁻, Cl⁻, SO₄²⁻; Ca²⁺, Mg²⁺, Na⁺, K⁺) were

determined by titrimetric methods (GOST 26425-85).

Statistical analysis

Standard methods for calculating averages and their

average errors were used for mathematical processing

of the results. The data was processed using the IBM

SPSS Statistics 28.0 (IBM Corp., 2024). All results are

presented as mean values accompanied by their

standard deviations (SD).

O. Tleuberlina et al.
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Results and Discussion

Morphological Description of Soils

Population-1. Sogeti Gorge (42°47′ N, 73°02′ E;

elevation-1450 m), located on the northern slopes of

the Ile Alatau range in the Almaty region. The Gorge

represents a typical mountain landscape of the

northern Tien Shan, with steep slopes, narrow valleys

and rocky outcrops shaped by Paleozoic formations.

The geomorphology is dominated by denudation and

colluvial processes, resulting in the accumulation of

coarse rock fragments and shallow soil cover (Nassyrov

et.al., 2020). Based on the morphological characteristics

of the Sogeti Gorge soil profile, including a shallow A1-

B-BC horizon sequence, light to medium loam texture,

Soil type: Mountain grey-brown soil.

Horizon
Depth

(cm)

Thickness

(cm)
Description

А1 0-10 10

Dark brown with greyish shade, slightly

compacted, loose, rich in plant roots; dry

flakes present; granular structure; light loam

texture; weak carbonate effervescence; clear

boundary with next horizon.

В 10-30 20

Light brown with yellowish shade; blocky-

prismatic structure; compacted; light loam

texture; flaky inclusions observed; weak

carbonate effervescence; gradual transition.

ВС 30-70 40

Grey-brown; dense, blocky with flaky

features; medium loam texture; plant root

residues and carbonate inclusions present;

strong carbonate effervescence.

the presence of skeletal material derived from colluvial-

deluvial deposits, weak to strong carbonate efferve-

scence increasing with depth, and the absence of sa-

linity, the soil corresponds to a Calcaric Cambisol (Loa-

mic, Skeletic) according to the World Reference Base

for Soil Resources (WRB, 2022). Under the USDA Soil

Taxonomy (Soil Taxonomy, 2022), the profile is

classified as a Typic Haplocambid, which is typical for

weakly developed mountain soils formed under semi-

arid to sub-humid conditions with active denudation

processes. This classification fully reflects the observed

field properties of the mountain grey-brown soils in the

Sogeti Gorge and aligns with their genesis on steep,

erosion-prone slopes of the Ile Alatau range.

Population-2. Merki (42°51′ N, 73°56′ E; elevation -

930 m), located in the piedmont plains of the Kyrgyz

Alatau, Zhambyl region. The landscape is characterized

by gently sloping alluvial-proluvial deposits, where

sediment accumulation and moderate erosion

processes shape the soil cover. This geomorphological

setting supports relatively deeper and more developed

soils compared to the mountain zone (Aldazhanova et

al., 2022). The piedmont soil of Population 2 (Merki) is

formed on alluvial-proluvial deposits and is

characterized by an A₁-B-BC horizon sequence,

medium loam texture, strongly alkaline reaction (pH

8.76-8.96), very low humus content (0.18-1.92%) (Figure

5), and a pronounced increase in carbonate content

with depth, including visible carbonate films and strong

effervescence in the BC horizon. According to the

World Reference Base for Soil Resources (WRB, 2022),

these properties correspond to a Calcaric Haplic

Cambisol (Loamic), reflecting a carbonate-rich loamy

soil with a typical cambic horizon and moderate profile

development (WRB, 2022). Under the USDA Soil

Taxonomy, the same profile is consistent with a Typic

Haplocalcid, an arid-region soil with a carbonate-

enriched subsoil and high base saturation within the

upper meter of the profile, which matches its strongly

alkaline, carbonate-rich nature on the Kyrgyz Alatau

piedmont plain (Soil Taxonomy, 2022).

O. Tleuberlina et al.
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Soil type: Light chestnut (foothill alluvial-proluvial).

Horizon
Depth

(cm)

Thickness

(cm)
Description

А1 0-12 12

Brown with light grey shade; slightly

compacted, loose; rich in plant roots;

granular structure; light loam texture;

weak carbonate effervescence; distinct

boundary with underlying horizon.

В 12-32 20

Light brown; blocky-prismatic structure;

compacted; medium loam texture;

occasional flaky inclusions; weak

carbonate effervescence; gradual

transition.

ВС 32-70 38

Brownish-grey; dense, blocky; medium

loam texture; carbonate films and root

residues present; strong carbonate

effervescence.

Horizon
Depth

(cm)

Thickness

(cm)
Description

А1 0-10 10

Light grey; granular-dusty; moderately 

compacted; root-rich; dry flakes present; 

sandy loam; moderate effervescence; 

gradual transition.

AB 10-30 20

Pale brown; dusty-granular; loose; sandy 

loam; roots present; strong effervescence; 

clear boundary.

В 30-70 40

Pale yellowish; dusty-blocky; very loose; 

sandy loam; occasional roots; strong 

effervescence; gradual transition.

С 70-95 25

Pale yellowish; prismatic; compacted; 

clay-loam; carbonate accumulations; 

moderate effervescence.

Population-3. Saryagash (41°21′ N, 68°56′ E; elevation

350 m), located in the semi-arid plains of the Turkistan

region. The area is dominated by aeolian landscapes

with sandy ridges, stabilized dunes, and saline

depressions. Geomorphological processes include

wind-driven redistribution of sediments and salt

accumulation in closed depressions, creating conditions

for soil salinization (Liu et.al., 2020). The soil profile of

Population 3 (Saryagash) is developed on semi-arid

lowland sediments and is characterized by a weakly

differentiated A₁-AB-B-C horizon sequence. The upper

horizons (A₁, AB, B; 0-70 cm) are light grey to pale

yellowish, granular-dusty to dusty-blocky, with sandy

loam texture and moderate to strong carbonate efferve-

Soil type: Southern light-grey.

scence, while the C horizon (70-95 cm) is pale yello-

wish, prismatic, clay-loam, and contains visible carbo-

nate accumulations with moderate effervescence. Ac-

cording to the World Reference Base for Soil Resour-

ces, these features indicate a weakly developed,

carbonate-rich loamy soil with a calcic subsoil formed

under arid to semi-arid conditions, which is consistent

with classification as a Haplic Calcisol (Loamic) (IUSS

Working Group WRB, 2022). Under the USDA Soil

Taxonomy, the combination of an arid climatic setting,

carbonate-enriched subsurface horizons and high base

saturation within the upper meter of the profile corre-

sponds to a Typic Haplocalcid, while the elevated sulfa-

te salinity reflects additional salinity stress typical for

semi-arid lowland plains (USDA Soil Taxonomy,2022).

O. Tleuberlina et al.
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Physical properties of soils

The physical properties of soils supporting Capparis

herbacea populations in southern Kazakhstan reflect the

contrasting geomorphological and climatic conditions

of mountain, piedmont, and semi-arid landscapes (Fig.

3). Across all three populations, soils were composed

predominantly of loamy fractions, with differences in

texture and moisture dynamics corresponding to relief

and sediment origin (Yedilova et.al., 2025).

In Population 1 (P1 - Sogeti Gorge, Ile Alatau), soils

were classified as light loam, developed on colluvial-

deluvial material. The profile showed relatively high

surface moisture (21.55 %) that declined with depth to

9.32 %, indicating rapid infiltration and limited water-

holding capacity in stony mountain soils. The light

loam texture, weak aggregation, and shallow rooting

depth reduce capillary rise, resulting in uneven moisture

distribution (Li et al., 2024). These features are typical

of mountain grey-brown soils subjected to steep slope

processes and intensive drainage (Dai and Cheng,

2022).

In Population 2 (P2 - Merki, Kyrgyz Alatau), soils were

characterized as medium loam formed on alluvial-pro-

luvial deposits. Moisture distribution was relatively

uniform, ranging from 14.32 % to 15.87 % across

horizons. The balanced texture and moderate compact-

tion promote better water retention than in P1, while

carbonate accumulations at depth indicate leaching and

redeposition processes (Egli et.al., 2001). These pied-

mont soils, with their stable structure and higher

moisture reserves, represent more favorable edaphic

conditions for plant establishment compared to moun-

tain sites (Duniway et al., 2018).

In Population 3 (P3 - Saryagash, Turkistan region), soils

exhibited sandy loam to light loam textures, reflecting

aeolian and alluvial sedimentation. Moisture values

were highly variable: from as low as 6.50 % in the

surface horizon to 20.66 % in deeper layers. Such

contrasts reflect both high evaporative loss at the

surface and moisture accumulation at depth due to

capillary rise and shallow groundwater influence (Zhao

et al., 2023). The presence of carbonate concretions

and higher effervescence in subsoil horizons further

confirm processes of secondary salinization, typical for

semi-arid plains with limited precipitation and strong

evaporative demand (Gnann et al., 2025).

Overall, the physical properties of soils in the three

populations highlight the ecological amplitude of

C.herbacea. Mountain soils are shallow, stony, and

drought-prone; piedmont soils are loamy with stable

moisture reserves; and semi-arid lowland soils exhibit

strong moisture and salinity gradients. These differen-

ces illustrate how relief and parent material shape soil–

water relations, thereby influencing the survival

strategies and adaptive capacity of C.herbacea under arid

and semi-arid conditions (Gnann et al., 2025).

Figure 3

Relative soil moisture index

Granulometric composition of soils

The granulometric composition of soils in the studied

Capparis herbacea populations demonstrates clear

textural differences associated with geomorphological

settings and sedimentary origin (Fig. 4).

In Population 1 (Sogeti Gorge, Ile Alatau), coarse silt

(0.05-0.01 mm) was the dominant fraction, accounting

for 35.85% of the soil mass, followed by fine sand

(24.06%) and fine silt (18.62%). Clay and dust fractions

were present in smaller amounts (12.38% and 7.38%),

O. Tleuberlina et al.
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while coarse sand contributed only 1.68%. This

distribution reflects the colluvial-deluvial nature of

mountain grey-brown soils, where slope processes

supply both silt and sand fractions (Zádorová and

Penížek, 2018) and where silty mantles in high-

mountain settings often have an aeolian contribution

(Yang et al., 2016); such textural make-ups enhance

aeration but limit water-holding capacity relative to

finer-textured soils (Saxton and Rawls, 2006).

In Population 2 (Merki, Kyrgyz Alatau), fine sand

(0.25-0.05 mm) dominated the granulometric profile,

representing 47.53% of the total mass. Other important

fractions included fine silt (15.61%) and coarse silt

(15.52%), followed by dust (11.51%) and medium silt

(8.21%). Coarse sand contributed minimally (1.60%).

The prevalence of fine sand and silty particles corre-

sponds to alluvial-proluvial sedimentation on piedmont

plains in the Tien Shan foreland (Lu et al., 2010), and

loamy textures in such settings typically afford mode-

rate moisture retention compared to sandier matrices

(Świtoniak et al., 2022).

In Population 3 (Saryagash, Turkistan region), soils

were dominated by fine sand (51.30%) and coarse silt

(19.02%). Additional fractions included fine silt

(12.37%), medium silt (10.74%), dust (3.88%), and

coarse sand (2.25%). This structure indicates sandy

loam to light loam texture shaped by aeolian and

alluvial processes (Ravi et al., 2011). The dominance of

fine sand enhances porosity and drainage, while silt

fractions modestly increase retention but, within a

sandy matrix, overall water storage remains limited

(Wankmüller et al., 2024). In semi-arid lowlands, such

textures are often associated with strong evaporative

demand and, where groundwater is shallow, with se-

condary salinization patterns (Aboelsoud et al., 2023;

Jiang et al., 2022). Overall, soils of Populations 1 and 2

are classified as medium loam, while Population 3 cor-

responds to light loam. The differences in granulome-

tric composition are linked to ecological conditions:

mountain soils balance coarse and fine particles under

erosion-accumulation regimes (Zádorová et al., 2023),

piedmont soils exhibit loamy textures favorable for

plant establishment and moderate moisture retention,

while semi-arid lowland soils are sandy and loose, pro-

ne to desiccation and, under suitable hydrological con-

ditions, to secondary salinization (Aboelsoud et al.,

2023).

Figure 4 

Granulometric 

composition of soils

Chemical properties of soils

The chemical composition of soils in the studied

Capparis herbacea populations reflects their adaptation to

alkaline, carbonate-rich, and nutrient-limited substrates

of southern Kazakhstan. Arid and semi-arid soils are

generally characterized by high alkalinity, carbonate

enrichment, and poor organic matter reserves, which

strongly shape their ecological functioning (Naorem et.

al., 2023; Doménech-Pascual et al., 2025). Nitrogen

(N), phosphorus (P), and potassium (K) are primary

plant nutrients, and their availability provides key

information about soil fertility (Roy, 2006). Their low

concentrations in the studied soils explain the overall

poor nutrient status of the habitats, confirming the

ecological adaptability of Capparis herbacea to nutrient-

deficient environments.

O. Tleuberlina et al.
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Population Parameter Min Max Mean

P1 - Sogeti Gorge

Humus (%) 0.65 6.33 4.01 ± 0.32

pH 7.85 8.21 7.98 ± 0.07

CO₂ (%) 0.71 9.65 4.98 ± 0.48

N (mg/kg) 25.2 50.4 38.03 ± 3.40

P (mg/kg) 28 56 41.35 ± 3.90

K (mg/kg) 140 470 304.95± 28

P2 - Merki

Humus (%) 0.18 1.92 1.12 ± 0.09

pH 8.76 8.96 9.01 ± 0.08

CO₂ (%) 5.24 12.13 7.89 ± 0.78

N (mg/kg) 24.5 47.6 35.85± 3.20

P (mg/kg) - 7 3.47 ± 0.30

K (mg/kg) 90 310 198.9 ± 18

P3 - Saryagash

Humus (%) 0.18 2.73 1.46 ± 0.13

pH 8.04 8.80 8.42 ± 0.08

CO₂ (%) 5.78 7.97 6.88 ± 0.60

N (mg/kg) 14.0 50.4 31.8 ± 2.90

P (mg/kg) - 28 14.62 ± 1.2

K (mg/kg) 100 550 324.6 ± 31.2

All mean and SD values were calculated based on three replicates (n = 3) for each

parameter.

Table 1

Сhemical properties of

soils from three Capparis

herbacea populations in

Southern Kazakhstan

In Population 1 (Sogeti Gorge, Ile Alatau), humus

content ranged from 0.65% to 6.33% within the 0-70

cm soil profile (Fig. 5). Soil pH values were slightly

alkaline (7.85-8.21). Carbonate content (CO₂) varied

from 0.71% to 9.65% (Table 1), increasing with depth.

Available macronutrients were moderate: nitrogen

25.2-50.4 mg/kg (Fig. 6), phosphorus 28-56 mg/kg,

and potassium 140-470 mg/kg. The relatively higher

humus and nutrient levels suggest more favorable ferti-

lity compared to the other populations, consistent with

reports that carbonate-rich mountain soils may retain

moderate organic carbon pools (Feng et al., 2023).

In Population 2 (Merki, Kyrgyz Alatau), humus levels

were very low (0.18-1.92%). Soils were strongly

alkaline, with pH 8.76-8.96 (Fig. 5), and carbonate

accumulation was high (5.24-12.13% CO₂). Available

nutrients were deficient: nitrogen 24.5-47.6 mg/kg,

phosphorus 0-7 mg/kg, and potassium 90-310 mg/kg.

These results highlight the nutrient-poor conditions of

piedmont soils, where organic matter is scarce and

phosphorus particularly limiting, in agreement with ob-

servations that salinity and alkalinity often constrain

organic matter accumulation (Hasani et al., 2024).

In Population 3 (Saryagash, Turkistan region), humus

content ranged from 0.18% to 2.73%. Soil pH was

alkaline (8.04-8.80), and carbonates reached 5.78-

7.97%. Available nitrogen varied from 14.0-50.4

mg/kg, phosphorus from 0-28 mg/kg, and potassium

from 100-550 mg/kg (Fig. 6). Despite generally low

fertility, potassium levels were comparatively higher,

which is consistent with evidence that arid soils often

maintain K reserves even under conditions of low hu-

Figure 5

Humus, CO2 and pH 

indicators in the soil, %
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mus and nitrogen (Naorem et al., 2023). The wide

variation in the physical and chemical soil properties

observed among the three Capparis herbacea populations

reflects the strong environmental contrasts across

southern Kazakhstan. The study sites differ markedly

in elevation (1450-350 m), landscape position (moun-

tain slopes, piedmont alluvial-proluvial fans, and semi-

arid lowlands), parent material, and climatic aridity.

Mountain soils of Population 1 developed under cooler

conditions and active denudation typical of the

Northern Tien Shan (Nassyrov et al., 2020), where

colluvial deposits create a heterogeneous moisture regi-

me, a wider range of CO₂ concentrations, and greater

variability in organic matter. Piedmont soils of

Population 2 form on alkaline alluvial–proluvial

sediments with limited leaching and intense carbonate

accumulation characteristic of the piedmont zone of

the Kyrgyz Alatau (Aldazhanova et al., 2022), which

naturally results in low humus content, minimal pho-

sphorus availability, and a stable but elevated pH. In

contrast, lowland soils of Population 3 are strongly

influenced by intense evaporation, shallow ground-

water, and aeolian sediment deposition typical of the

semi-arid plains of the Turkistan region (Liu et al.,

2020), leading to higher salinity and broader fluctua-

tions in nitrogen and carbonate levels. Thus, the obser-

ved variability reflects true pedogenic differentiation

driven by altitude, climatic aridity, geomorphology, and

sedimentation dynamics rather than methodological

inconsistencies. Overall, soils of C.herbacea are alkaline

and carbonate-rich, with low humus and limited

nitrogen and phosphorus, though potassium is

relatively abundant. These properties reflect weak soil

development under arid conditions and confirm the

ability of C.herbacea to grow in nutrient-poor, alkaline

Figure 6

Indicators of mobile nitrogen,

phosphorus, potassium in the

soil, mg/kg

environments (Husein et.al., 2019).

Soil salinity and ionic composition

Kazakhstan is among the countries most affected by

soil salinization in Central Asia, where arid climate and

intensive irrigation contribute to widespread secondary

salinity (Issanova et.al., 2017). Soil salinity is one of the

most critical limiting factors for plant growth in arid

and semi-arid ecosystems, influencing soil structure,

nutrient availability, and water balance (Tarolli, 2024;

Stavi et al., 2021). The ionic composition of soils not

only reflects the intensity of evaporative processes but

also determines plant adaptive strategies in saline

environments (Shokri et al., 2024).

In Population 1 (Sogeti Gorge, Ile Alatau), soluble salt

content was very low (0.037-0.048%), classifying the

soils as non-saline (Table 2). The dominance of

bicarbonates (HCO₃⁻ 0.20-0.28%) and calcium-

magnesium cations (Ca²⁺ 0.45-0.63%; Mg²⁺ 0.18-0.45%)

indicates stable soil structure and limited salinity stress.

Such conditions are typical for mountain soils where

leaching processes exceed salt accumulation,

maintaining favorable environments for vegetation

establishment (Khasanov et.al., 2023).

In Population 2 (Merki, Kyrgyz Alatau), total salt

content slightly increased (0.042-0.062%) but remained

within the non-saline category. The prevalence of

bicarbonates (0.44-0.48%) over chlorides (0.03-0.10%)

and sulfates (0.03-0.38%) reflects the piedmont

position of these soils, where moderate drainage

reduces the risk of salinization. Nevertheless, nutrient

availability is constrained by high alkalinity and low

organic matter, a common feature of piedmont soils in

arid Central Asia (Navarro-Torre et al., 2023).

In Population 3 (Saryagash, Turkistan region), soils ex-
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hibited clear signs of salinity, with total salt content

ranging from 0.082% to 0.910%. Here, sulfates (SO₄²⁻

0.69-13.15%) and calcium (0.63-12.15%) were domi-

nant, while bicarbonates (0.28-0.44%) and magnesium

(0.45-1.18%) played secondary roles. The classification

of upper horizons as moderately saline and deeper

layers as strongly saline indicates processes of secon-

dary salinization, driven by shallow groundwater and

high evaporation rates (Devkota et al., 2015). Such

ionic patterns are typical of semi-arid lowlands where

evapotranspiration exceeds precipitation, intensifying

salt accumulation (Shokri et al., 2024). Overall, Popula-

tions 1 and 2 remain non-saline, while Population 3 de-

monstrates moderate to strong salinity. These diffe-

rences highlight the ecological plasticity of C.herbacea,

which can persist under both carbonate-rich, non-

saline soils and sulfate-dominated saline environments,

confirming its adaptation to heterogeneous edaphic

conditions in southern Kazakhstan (Rahman et.al.,

2021).

Conclusions

This study provides a comprehensive characterization

of the soils associated with Capparis herbacea Willd. in

southern Kazakhstan. Across three populations, soils

were generally alkaline, carbonate-rich, and nutrient-

poor, yet supported stable stands of the species. Popu-

lations 1 and 2 were associated with carbonate soils of

non-saline character, whereas Population 3 was distin-

guished by higher salinity and sulfate enrichment, re-

flecting the stronger influence of evaporation and shal-

low groundwater. Among the studied sites, Population

3 clearly differed from Populations 1 and 2 by exhibit-

ting pronounced salinity and altered ionic composition.

In contrast, Populations 1 and 2 shared more favorable

carbonate-rich but non-saline conditions. Despite these

constraints, C.herbacea demonstrated marked ecological

plasticity, persisting under both favorable and stressful

edaphic conditions. This adaptability highlights its im-

portance as an indicator species of soil quality and a

promising candidate for land restoration initiatives in

degraded arid and semi-arid ecosystems of Central

Asia.

Population Salt content HCO₃⁻ Cl⁻ SO₄²⁻ Ca²⁺ Mg²⁺ Na⁺ K⁺

Population 1 (Sogeti

Gorge, Ile Alatau)
0,037-0,048 0,20-0,28 0,03-0,08 0,12-0,26 0,45-0,63 0,18-0,45 0,03-0,14 0,011

Population 2 (Merki, 

Kyrgyz Alatau)
0,042-0,062 0,44-0,48 0,03-0,10 0,03-0,38 0,27-0,45 0,18-0,45 0,03 -

Population 3 (Sarya-

gash,Turkistan region)
0,082-0,910 0,28-0,44 0,03-0,07 0,69-13,15 0,63-12,15 0,45-1,18 0,03-0,14 0,28

Table 2. Soil salinity and ionic composition of  Capparis herbacea populations
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