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Abstract: Soil degradation in arid and semi-arid ecosystems of Central Asia
represents a serious threat to soil ecological stability and sustainable agricultural
development. This study evaluates the physicochemical and biochemical properties
of gray soils in irrigated plains, foothill (adir), and mountain foothill landscapes of
Kamashi District, Kashkadarya Region, Uzbekistan. The research area is
characterized by significant anthropogenic pressure associated with irrigated
agriculture, rainfed farming, intensive grazing, and erosion processes. Field
investigations were conducted along an altitudinal gradient of 400—1200 m during
2024-2025. Soil quality was assessed using enzymatic indicators, particularly
catalase and invertase activities, along with pH, salinity, humus content, and
aggregate stability. The results revealed alkaline soil conditions (pH 8.5-9.5) and
weak to moderate salinization in irrigated areas, accompanied by a decline in
enzymatic activity. In contrast, higher biological stability was observed in relatively
undisturbed foothill ecosystems. A strong positive correlation was identified between
humus content and the integrated soil biological quality index (R? = 0.89), confirming
the high sensitivity of enzymatic indicators for early detection of soil degradation

processes.
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OIIEHKA ®EPMEHTATUBHOM AKTUBHOCTH "
3KOJOTMYECKOT'O COCTOSIHUSI CEPO3EMHBIX ITOYB
KAMAIIMHCKOI'O PAUOHA B YCJIOBUSIX APUJHOI'O KJIMMATA U
AHTPOIIOTEHHOM HATPY3KH

Y3o0ko06 3agap 3oupoeuu
3asedyrowuti kageopoti « IKor02us u OXpaHa oKpyHcaroujell Cpeosbly
Kapuwunckoeo cocyoapcmeennoco mexnuueckozo yHugepcumema,

ooxmop gunocogpuu (PhD) no buonocuveckum naykam, 0oyenm

Cadghap Aneap Adoounaszapoeuu
Accucmenm kagedpwvi «IKono2us u 0Xpana okpyscarouel cpeosvly

Kapwuﬂcmeo eocydapcmeeHHoeo MEexXHU4YeCKoco yHueepcumenia

AHHOTaums: /[lerpamanus 1Moy B apUIHBIX M IOJIYAPHUIHBIX JKOCHCTEMAX
[{eHTpasibHOW A3UM PEACTABIIAET CEPHE3HYIO YTPO3y 3KOJOTHYECKONW YCTOMUNBOCTH
[I0YB M YCTOMYHMBOMY PA3BUTHUIO CEIBCKOIO XO3IMCTBA. B JaHHOM HCCIEI0BaHUU
IIPOBE/ICHA OLEHKAa (PU3UKO-XUMUYECKUX U OMOXMMHUYECKHUX CBOMCTB CEpPO3EMOB
OpOIIIaeMbIX PaBHUH, aJIBIPHBIX U MpeAropHbIX JanamadToB KamammHckoro paiioHna
Kamkanapeunckoit obmnactu PecnyOnuku Y306ekucran. Hcciaemyemas tepputopus
XapaKTEepU3yeTCsd 3HAYMTEIIbHOM AHTPOIIONEHHOW  HArpy3KOW, CBSI3aHHOW C
OpOLLIAEMBbIM 3eMJIE/IETINEM, OOrapHBIM 3€MJIE/IETUEM, UHTEHCUBHBIM BBIIIACOM CKOTa
U DOpO3HOHHBIMH mnpoueccamu. [losmeBble wuccnenoBaHus NPOBOJIWIINCH BJIOJIb
BbICOTHOTO TpaaueHta 400-1200 m B 2024-2025 rr. KauecTBO MOYB OLIEHUBAIOCH C
UCIOJIb30BaHUEM (DEpPMEHTATUBHBIX [OKa3aTeleil, B YaCTHOCTH AaKTUBHOCTHU

KaTajJazbl M WHBEPTa3bl, a Takxke nokaszarene pH, 3acon€HHocTH, comepKaHMs
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rymMyca M YCTOMYMBOCTH TMOYBEHHBIX arperatoB. Pe3ynbTaThl moka3aiu IMIEeJIOYHYIO
peakuuio mouBeHHoU cpensl (pH 8,5-9,5) u cnabyro U0 yMEpeHHYIO CTENEHb
3aCOJIGHHSI Ha OpOIIaeMbIX TEPPUTOPHSX, COMPOBOKIAIONIYIOCS CHIDKEHHUEM
(hepMEHTAaTUBHON aKTUBHOCTH. B TO ke Bpems Oosiee BBICOKas OHMOJOTHYECKAsS
YCTOWYMBOCTh ObLIa BBISBICHA B OTHOCHUTEIBHO HEHAPYIICHHBIX TPEATOPHBIX
IKOCHCTEMax. Y CTAaHOBJICHA CHIIbHAS MOJIOKHUTEIbHAS KOPPEIAUOHHAS CBSI3b MEXIY
CoJIep )KaHUEM TYMyCa U MHTETpajbHbIM MHAEKCOM OMOJIOTMYECKOr0 KayecTBa MOYB
(R* = 0,89), uro MOATBEPKAAET BBHICOKYIO YYBCTBUTEIBHOCTh (PEPMEHTATHUBHBIX
ToKa3aTesiel JUIsi pAHHETO BBISBIICHUS MPOIIECCOB JIETPalalliy MOYB.

KiroueBble ci10Ba: cepo3éMbl, apuaHbIe SKOCUCTEMbI, TOYBEHHbBIE (DEPMEHTHI,
KaTanas3a, MHBepTa3a, 3acCoJieHNe, OMOMHIUKATOPHI, JeTpaJals MOYB.

Introduction. Soil ecological stability in mountain and foothill ecosystems
plays a crucial role in ensuring environmental resilience under global climate change
conditions (Doran & Parkin, 2024; Toderich et al., 2024). The Kamashi District of
Uzbekistan represents a vertically zoned agroecological system extending from
desert-steppe plains to the western foothills of the Gissar Mountain Range. The soil
cover is mainly represented by light gray, typical gray, and dark gray soils, reflecting
strong dependence on relief and climatic conditions.

In recent decades, increasing anthropogenic pressure has intensified soil
degradation processes. In irrigated lowland areas, soil pH values have increased up to
8.9, accompanied by weak to moderate salinization, indicating the development of
secondary salt accumulation processes. These conditions negatively affect microbial
activity and slow down organic matter decomposition (Haziev, 2020).

In foothill regions, erosion processes and rainfed agriculture have led to soil
structure degradation and humus depletion. In mountain foothill pastures, localized
degradation is observed due to intensive grazing pressure (Garcia-Ruiz et al., 2025).

Therefore, catalase and invertase enzymes are considered important
bioindicators for early diagnosis of soil condition in arid ecosystems (Markert et al.,

2023).

"IxkoHomuka u conuym'' Ne6(145) 2026 wWww.iupr.ru



Materials and Methods
2.1 Study area and sampling design

Field investigations and soil sampling were conducted during 2024-2025
across main landscape zones of Kamashi District, differing in altitude gradient and
anthropogenic pressure:

1. Lowland zone (425 m a.s.l.) — intensively irrigated cultivated light gray
soils

2. Foothill zone (750 m a.s.l., Qiziltepa and Changak areas) — rainfed
agricultural lands affected by erosion, typical gray soils

3. Mountain foothill zone (1100 m a.s.l.) — natural pasture ecosystems,
including both low and high grazing pressure areas, dark gray soils

Soil samples were collected in spring, summer, and autumn from depths of 0—
30 cm and 30-50 cm using a quadrat (envelope) sampling method.

2.2 Biochemical and physicochemical analyses

Soil analyses were performed in certified analytical laboratories using standard
methods:

Soil pH was determined by a potentiometric method in a soil-water suspension
(1:2.5 ratio) using a calibrated glass electrode pH meter.

Salinity was determined from aqueous soil extracts (1:5 soil-to-water ratio) by
measuring electrical conductivity after filtration.

Humus content was measured using the Tyurin method modified by Simakov,
based on wet oxidation with potassium dichromate under acidic conditions.

Catalase activity was determined using a gasometric method, based on the
decomposition of hydrogen peroxide (H20:) and measurement of released oxygen
volume (cm? Oz g ! soil min™).

Invertase activity was determined using the Khaziev method, based on 24-hour
incubation of soil samples with sucrose solution and subsequent spectrophotometric
determination of glucose (mg glucose g* soil 24 h™).

Aggregate stability was assessed using the Savvinov wet-sieving method.
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Results
Significant differences in soil physicochemical and enzymatic properties were
observed along the altitudinal gradient (Table 1).

Table 1. Physicochemical and enzymatic properties of gray soils (0—30 cm

layer)
Zo Soi H p Salin Wa C In
ne 1 type umus H ity ter-stable atalase vertase
(%) aggregates
(%)
Irri Cul 1. 8 Wea 34. 3. 8.
gated tivated light | 2540.08 9 k—moderate 2 45+0.12 12+0.34
lowland | gray soil salinity
Fo Ero 0. 7 Wea 18. 2. 4.
othill ded typical | 98+0.05 .8 k salinity 5 10+£0.09 | 22+0.18
(rainfed) | gray soil
Fo Dar 2. 7 Non- 56. 5. 1
othill k gray soil | 8440.15 3 saline 8 88+0.22 | 6.45+0.62
natural | (reference)
Fo Dar 1. 7 Wea 28. 3. 7.
othill k gray soil 62+0.11 5 k salinity 1 15+0.14 30+0.29
pasture-
degraded

The highest humus content and enzymatic activity were recorded in
undisturbed foothill soils, while the lowest values were observed in eroded rainfed
areas.

Seasonal dynamics showed maximum enzymatic activity during spring
(April-May), associated with optimal hydrothermal conditions and active vegetation
growth. During summer, invertase activity decreased by 60—70% in all zones, while

catalase remained relatively more stable.
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The most pronounced degradation differences were observed in the
foothill rainfed zone, where soil erosion reduced invertase activity by 3.9 times and
catalase activity by 2.8 times compared to the reference site.

Discussion. The results demonstrate that foothill gray soils in Kamashi
District have relatively low ecological buffering capacity against mechanical
disturbance and erosion processes. Soil salinity was identified as one of the key
factors contributing to reduced enzymatic activity.

Increased salt concentration in soil solution creates osmotic stress for
microorganisms, thereby reducing metabolic activity and enzyme synthesis. As
reported by Haziev (2020), increasing salinity significantly slows down microbial
processes and reduces enzymatic activity in soils. Similar observations have been
reported by Garcia-Ruiz et al. (2025), who demonstrated that soil enzyme activity
decreases significantly under salinization stress in semi-arid environments.

In rainfed foothill zones, reduced water-stable aggregates (18.5%) were
closely associated with decreased hydrolase activity. Invertase, being an extracellular
enzyme, is strongly adsorbed onto soil colloids and is easily removed together with
fine particles during heavy rainfall events, further reducing enzymatic activity.

Comparison between natural and heavily grazed foothill pastures
revealed that increased grazing pressure leads to soil compaction, reduced aeration,
and decreased aerobic microbial activity. Reduced catalase activity reflects increased
oxidative stress and disruption of microbial communities.

Consistent with global studies (Doran & Parkin, 2024; Garcia-Ruiz et al.,
2025), soil biological indicators respond more rapidly to degradation processes than
physicochemical properties. A strong linear relationship was observed between
humus content (X) and the integrated soil biological quality index (Y):

Y =4.12X + 1.85 (R*=0.89)

Conclusions

1. Irrigated soils exhibited alkaline conditions (pH 8.5-9.5) and weak to

moderate salinization, resulting in reduced microbial and enzymatic activity.
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2. Erosion processes in rainfed foothill areas significantly reduced
humus content and invertase activity.

3. Natural foothill soils demonstrated high humus content and near-
neutral pH, ensuring high biological stability.

4. Enzymatic indicators are highly sensitive tools for early detection of
soil degradation in arid ecosystems.
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