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1. Introduction 

Soil is an integral component of natural ecosystems and 
plays a crucial role in maintaining the stability and productiv-
ity of plant communities. Soil fertility and nutrient cycling are 
strongly influenced by soil biological activity, including the ac-
tivity of microorganisms and enzymes, which regulate organic 
matter transformation and nutrient availability (Wei et al., 
2024). Soil biological activity, driven by microorganisms, fungi, 
and enzymes, is a key indicator of soil fertility and is influenced 
by microbial diversity, enzyme activity, humus content, and soil 
physicochemical properties (Chen et al., 2024; Daunoras et al., 
2024; Qu et al., 2023; Semenov et al., 2025). In recent years, the 
application of environmentally friendly biopreparations in agri-
culture has expanded considerably, particularly within sustain-

able farming systems (Rowińska et al., 2024). Globally, the use 
of biopreparations is increasingly regulated to ensure environ-
mental safety and product efficacy. Countries in Europe, North 
America, and Asia have established guidelines for the registra-
tion, quality control, and application of microbial and bio-based 
fertilizers (FAO, 2023; EU Regulation 2019/1009). These regula-
tions aim to promote sustainable agricultural practices while 
safeguarding soil health and ecosystem functions. The targeted 
use of biopreparations contributes to restoring soil fertility, en-
hancing biological activity, and increasing plant resistance to 
abiotic and biotic stressors, ultimately improving crop yield and 
quality (Akchaya et al., 2025; González Guzmán et al., 2022). In ag-
riculture, biopreparations are commonly applied to improve the 
availability and uptake of essential nutrients such as nitrogen, 
phosphorus, and potassium through microbial solubilization 
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Abstract

This study investigated the effects of three biological preparations Baikal EM-1, Microgrowth stimu-
lator, and Trichodermin on soil microbial activity, plant biochemical responses, and cotton (Gos-
sypium hirsutum L.) cv. “Bukhara-10” productivity under irrigated meadow-alluvial conditions in 
Bukhara region. All tested preparations enhanced soil microbial populations in the top 0–15 cm 
layer, with ammonifying bacteria increasing by 23–30%, actinomycetes by 134–147%, and cellu-
lose-degrading microorganisms by 44–69% compared to the untreated control. Humus content im-
proved by 11.5–12.7%, and the availability of phosphorus and potassium also increased, refl ecting 
enhanced nutrient cycling. Biochemical analyses of 12-day-old seedlings showed that antioxidant 
enzyme activities were signifi cantly stimulated: superoxide dismutase (SOD) increased by 5–13%, 
catalase (CAT) by 17–37%, and peroxidase (POD) by 17–35%, while proline accumulation rose by 
10–31%, indicating strengthened osmoprotection and stress tolerance. Among the preparations, 
 Microgrowth stimulator exhibited the most pronounced effects across soil, biochemical, and growth 
parameters, leading to improved early seedling development, fi ber elongation, and quality. Conse-
quently, fi eld experiments revealed yield increases ranging from 8.4% to 10.1% compared to the 
control. These fi ndings highlight the potential of microbial consortia-based biopreparations as an 
eco-friendly strategy to improve soil fertility, enhance plant physiological resilience, and increase 
cotton productivity under saline irrigated conditions. Integration of such treatments into sustain-
able cotton production systems could contribute to reducing dependency on chemical fertilizers 
while maintaining high yield and fi ber quality.
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and biological fixation (Kumar et al., 2022), to stimulate plant 
growth via microbial production of phytohormones, to suppress 
pathogenic microorganisms (De Andrade et al., 2023), and to 
improve soil structure and organic matter content (Kanarek et 
al., 2022). Complex biopreparations based on microbial consor-
tia are often more effective than single-strain formulations due 
to synergistic interactions within the soil environment (Cao et 
al., 2022). Irrigated meadow-alluvial soils are widely distributed 
in river valleys and lowland areas and are intensively used for 
agricultural production. These soils consist of alluvial deposits 
with varying proportions of sand, silt, and clay and are generally 
characterized by light to medium mechanical texture (Ortikov et 
al., 2024). Cotton, wheat, and vegetable crops are commonly cul-
tivated on irrigated meadow-alluvial soils; however, prolonged 
irrigation and improper management may lead to soil salini-
zation and deterioration of biological activity (Axmedov et al., 
2023). In recent years, intensive agricultural practices, increas-
ing salinization, and excessive agrochemical use have resulted 
in a decline in soil fertility and productive potential (Futa et al., 
2024), accompanied by reduced soil biological activity and dis-
ruption of soil ecosystem functioning (Schlüter et al., 2025).

The cotton varieties of the “Bukhara” series were developed 
specifically for the agro-ecological conditions of the Bukhara re-
gion, Uzbekistan. Among them, “Bukhara-10” is distinguished by 
stable yield potential, medium maturity, favorable fiber quality, 
and relatively high resistance to soil-borne fungal diseases such 
as Fusarium oxysporum and Verticillium dahliae. Under appro-
priate agro-technical management, these varieties demonstrate 
stable productivity on irrigated meadow-alluvial soils and are 
widely used in agricultural practice. The integration of such 
cultivars with environmentally friendly technologies, including 
the application of biopreparations, further enhances their agro-
technical efficiency. In recent years, the incidence of diseases 
caused by soil-borne fungi, particularly Fusarium oxysporum, 
has increased in cotton fields cultivated on irrigated meadow-al-
luvial soils in the Bukhara region (Aripov et al., 2023; Axmedov 
et al., 2023). Soil microbial communities play a central role in 
biogeochemical cycles, and their composition is strongly influ-
enced by climatic conditions as well as soil temperature and 
moisture regimes (Hao et al., 2025; Naylor et al., 2022). Under the 
combined influence of climate change and anthropogenic fac-
tors, soil biological activity has shown a declining trend (Oishy et 
al., 2025), making its restoration a priority for sustainable land 
management (Gamage et al., 2023; Sher et al., 2024). The use of 
biopreparations based on beneficial microorganisms is widely 
recognized as an environmentally friendly and economically ef-
ficient approach to restoring soil fertility (Pylak et al., 2025). Mi-
crobial consortia enhance soil microbiota diversity, accelerate 
nutrient cycling, suppress soil-borne pathogens, and stimulate 
plant growth, thereby increasing the biological potential of soils 
(Wei et al., 2024). Consequently, biopreparations are regarded 
as a promising tool for maintaining soil fertility and support-
ing sustainable crop production under changing environmental 
conditions (Nepal et al., 2023; Samantaray et al., 2024).

The objective of this study was to evaluate the effects of se-
lected biological preparations on soil microbiological activity, 
humus content, antioxidant enzyme activities (SOD, CAT, POD), 

fiber quality, and yield of the cotton variety “Bukhara-10” grown 
on long-irrigated, moderately saline meadow-alluvial soils of 
the Bukhara oasis. The research hypothesis was that the appli-
cation of microbial and bio-based preparations would enhance 
soil microbiological activity, increase humus content, stimulate 
antioxidant defense mechanisms in cotton plants, and improve 
fiber quality and overall yield under local soil and climatic con-
ditions.

2. Materials and methods 

2.1. Experimental site and soil characteristics

Field experiments were carried out during the 2022–2024 
growing seasons at the “Bafo Mardon Sharif” farm (39°46′ N, 
64°25′ E), located in the Bukhara district of the Bukhara region, 
Uzbekistan. The experimental soil was classified as irrigated 
meadow-alluvial, typical of the Bukhara oasis. According to its 
mechanical composition, the soil was mainly of light to medium 
loamy texture, while heavy loam and sandy loam layers were 
observed in some areas. Based on particle-size distribution, fine 
sand (0.1–0.05 mm) and coarse silt (0.05–0.01 mm) fractions pre-
dominated, accounting for 18.1–32.6% and 39.0–48.7%, respec-
tively. The proportion of physical clay (<0.001 mm) ranged from 
20.2–31.5%, while fine clay particles constituted 3.1–4.8%. The 
soil reaction was slightly alkaline (pH 7.7), and electrical conduc-
tivity (EC) averaged 4.2 dS m–1, indicating moderate salinity. The 
organic matter content was 1.1%, while humus content averaged 
1.3%. The soil contained 0.08% total nitrogen, 21.6 mg kg–1 avail-
able phosphorus, and 320 mg kg–1 exchangeable potassium. Bulk 
density ranged from 1.35–1.38 g cm–3 in the upper soil layers and 
1.43–1.49 g cm–3 in the subsoil, while the field moisture capacity 
averaged approximately 24%. Overall, the soil can be character-
ized as a moderately saline, light- to medium-loamy meadow-al-
luvial soil with satisfactory fertility and structure, suitable for 
cotton cultivation under irrigated conditions.

2.2. Experimental design and crop management

The field experiment was conducted using three biologi-
cal preparations, including Baikal EM-1 (BEM-1), Microgrowth 
stimulator (MGS), and Trichodermin (TRD). For brevity, these 
abbreviations are used throughout the manuscript, including 
figures and tables. The field trial was arranged in a randomized 
block design with four treatment variants and three replications 
per treatment. Each experimental plot measured 12 × 0.6 × 80 m 
(576 m2), and the total experimental area covered 5.2 ha. The cot-
ton variety “Bukhara-10” (Type IV fiber quality) was used in the 
experiment. Sowing was performed on April 15 using delinted 
(sulfuric acid-delinted) seeds at a rate of 35 kg ha–1. Row spacing 
was 60 cm, intra-row spacing ranged from 4 to 5 cm, and sowing 
depth was 4–6 cm. Prior to sowing, the field was deep-plowed to 
a depth of 25–30 cm in November following the removal of cot-
ton residues. Thinning was carried out on May 10–12 to ensure 
uniform plant density. Inter-row cultivation was performed 
five times during the growing season, and deep soil loosening 
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(25–30 cm) was conducted on May 26 and July 5. Mineral fer-
tilizers and biological preparations were applied according to 
the experimental treatments (Table 1). All agronomic practices, 
including seed treatment, fertilization, foliar application, and 
cultivation, were carried out in accordance with standard rec-
ommendations for irrigated cotton production.

2.3. Soil sampling procedure 

Soil samples were collected between June and October from 
two depths, 0–15 cm and 15–30 cm. Sampling was conducted us-
ing sterile equipment, including polyethylene bags, spatulas, 
knives, alcohol, and a marking pen. Each sample was sealed and 
labeled immediately after collection. To prevent contamination, 
hands and tools were sterilized with 95% alcohol at each sam-
pling time, and special care was taken throughout the process to 
maintain sterility.

2.4. Determination of soil chemical properties

Available phosphorus (P2O5) and exchangeable potassium 
(K2O) were determined using the Machigin method based on 
extraction with a 1% ammonium carbonate ((NH4)2CO3) solu-
tion, followed by colorimetric and flame photometric measure-
ments, respectively (Machigin and Protasov, 1950), as modified 
by CINAO (GOST 26205–91). Soil humus content was determined 
using the Tyurin (1931) wet oxidation method with potassium 
dichromate in a sulfuric acid medium. All analyses were per-
formed in triplicate, and the results were expressed on an oven-
dry soil basis.

2.5. Microbiological analysis

The effects of soil treatments on the abundance of micro-
organisms were evaluated in the top 0–15 cm soil layer. Three 
microbial groups, ammonifying bacteria, actinomycetes, and 
cellulose-degrading microorganisms, were studied. Microbial 
abundance was expressed as colony-forming units (CFU × 103 g–1 
of oven-dry soil).

2.5.1. Culture media and incubation
Selective media were used for each microbial group. Am-

monifying bacteria were cultured on meat-peptone agar, ac-
tinomycetes on Czapek medium, and cellulose-degrading 

 microorganisms on Hutchinson–Clayton medium. Plates were 
incubated at 28 ± 2°C for 5–7 days, depending on the microbial 
group. Colonies were counted using a digital colony counter, and 
microbial densities were calculated according to standard pro-
cedures described by (Girard and Rougieux, 1967; Zvyagintsev, 
1991).

2.6. Biochemical analyses of plants

Cotton seedlings treated with the experimental prepara-
tions were sampled 12 days after emergence. Plant tissues were 
immediately frozen in liquid nitrogen and homogenized for 
enzymatic assays. Superoxide dismutase (SOD) activity was de-
termined based on the inhibition of nitroblue tetrazolium pho-
toreduction according to Giannopolitis and Ries (1977). Catalase 
(CAT) activity was measured by monitoring H2O2 decomposition 
at 240 nm following the method of Aebi (1984), while peroxi-
dase (POD) activity was assayed via tetraguaiacol formation at 
470 nm as described by Chance and Maehly (1955). Free pro-
line content was determined using the ninhydrin reagent as 
described by Bates et al. (1973), and total protein content was 
measured using the Lowry method (Lowry et al., 1951). All meas-
urements were carried out using a UV-1800 spectrophotometer 
(Shimadzu,  Japan) and were performed in triplicate.

2.7. Fiber quality analysis (HVI method)

Fiber quality parameters were analyzed using the High 
Volume Instrument (HVI) system (Uster Technologies, Switzer-
land) at the Bukhara Cotton Fiber Testing Laboratory. The anal-
ysis included the determination of fiber length (mm), unifor-
mity index (%), micronaire value (fineness and maturity), fiber 
strength (g tex–1), and elongation (%). Before testing, all fiber 
samples were conditioned for 24 hours at 21 ± 1°C and 65 ± 2% 
relative humidity, following ASTM D5867–12 (2020) standards. 
Each measurement was performed in three replications, and 
the mean values were used for statistical evaluation.

2.8. Statistical analysis

All measurements were performed in triplicate. Experimen-
tal data were analyzed using GraphPad Prism software (version 
8.0.1, GraphPad Software, USA). One-way analysis of variance 
(ANOVA) was used to evaluate differences among treatment 

Table 1
Application rates of preparations and mineral fertilizers

Options Mineral 
fertilizers, 
kg/ha

Consumption rate

Pre-sowing seed 
treatment

appearance 
of 2–4 true leaves

budding and 
fl owering

Control N200, P140, K100 – – –

BEM-1, (0.001 l/ha) N200, P140, K100 0.001 l t–1 0.001 l t–1 0.001 l t–1

MGS, (0.002%) N200, P140, K100 100 ml t–1 100 ml t–1 100 ml t–1

TRD, (0.02%) N200, P140, K100 100 ml t–1 100 ml t–1 100 ml t–1
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groups. Significant differences between treatment means were 
assessed using the least significant difference (LSD) post hoc test 
at P < 0.05. Results are presented as the arithmetic mean ± stand-
ard error (M ± SE).

2.9. Composition and characteristics of the preparations

Microgrowth stimulator (MGS) is a microbial growth stimu-
lator containing Trichoderma harzianum UzCF–55, Penicillium 
canescens UzCF–54, and Fusarium moniliforme GC–12. The mi-
croorganisms enhance plant growth by synthesizing phytohor-
mones (auxins, gibberellins, and indole-3-acetic acid) in the 
rhizosphere. The preparation is registered under Certificate No. 
1A760 (2013–2017, Uzbekistan) and approved as a plant growth 
promoter for tomato, cucumber, and cotton.

Trichodermin (TRD). UzCF-55 is a strain capable of synthe-
sizing cellulolytic complex enzymes, proteins, gibberellic acid, 
heteroauxin, and B-group vitamins. The strain is patented under 
Invention Patent No. IAP 04900 (May 20, 2014, Uzbekistan).

Baikal EM–1 (BEM–1) is a multi-component microbiologi-
cal fertilizer developed in 2007 by EM-Corporation (Russia). The 
preparation contains about 60 strains of beneficial microorgan-
isms, including photosynthetic bacteria, lactic acid bacteria, 
actinomycetes, yeasts, and fermentative fungi. These microor-
ganisms improve soil microflora, enhance nutrient uptake, and 
synthesize biologically active compounds such as amino acids, 
nucleic acids, and vitamins, thereby promoting plant growth, 
yield, and overall soil health.

3. Results and Discussion

The effects of soil treatments on microbial abundance were 
evaluated in the top 0–15 cm soil layer. Three microbial groups, 
ammonifying bacteria, actinomycetes, and cellulose-degrading 

microorganisms were studied. All tested biological prepara-
tions enhanced microbial abundance compared to the untreat-
ed control. Specifically, MGS showed the highest stimulatory 
effect, as ammonifying bacteria increased by 29.5%, actinomy-
cetes by 146.8%, and cellulose-degrading microorganisms by 
68.7%. Both BEM-1 and TRD also improved microbial popula-
tions, although to a lesser extent (Fig. 1). In the untreated con-
trol variant, the abundance of ammonifying bacteria was 
2,490 CFU g–1 soil, actinomycetes 412 CFU g–1 soil, and cellulose-
degrading microorganisms 32 CFU g–1 soil. Application of BEM–1 
resulted in an increase in all microbial groups, with ammonify-
ing bacteria reaching 3,079 CFU g–1 soil, actinomycetes 966 CFU 
g–1 soil, and cellulose degraders 46 CFU g–1 soil. The most pro-
nounced stimulation was observed under the MGS treatment, 
where ammonifying bacteria increased to 3,227 CFU g–1 soil, 
 actinomycetes to 1,017 CFU g–1 soil, and cellulose-degrading mi-
croorganisms to 54 CFU g–1 soil. Compared to the control, these 
values corresponded to increases of 29.5%, 146.8%, and 68.7%, 
respectively. The TRD treatment also led to an increase in mi-
crobial abundance, although its effect was less pronounced 
than that of MGS. The observed increase in soil microbial abun-
dance in the present study is consistent with previous reports 
demonstrating that the application of biostimulants enhances 
soil microbial activity by improving substrate availability and 
alleviating environmental stress (Adedayo and Babalola, 2023). 
Previous studies indicate that biostimulant application increas-
es both the abundance and activity of beneficial soil microor-
ganisms, which in turn enhances organic matter mineraliza-
tion, enzymatic activity, and the availability of nutrients essen-
tial for plant growth. In the present study, all tested prepara-
tions enhanced soil microbiological activity, with MGS exhibit-
ing the strongest effect. This stronger response may be associ-
ated with the complex composition of MGS, which includes 
phytohormones, amino acids, trace elements, and beneficial mi-
croorganisms that collectively enhance metabolic processes, 

Fig. 1. Effect of biological on soil microbial activity. Error bars represent standard deviations. 
Data are expressed as mean ± SE (n = 4), with statistical significance set at P < 0.05
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Fig. 3. Effect of biological preparations on soil potassium and phosphorus content. Data are expressed as mean ± SE (n = 4), with statistical significance 
set at P < 0.05

enzymatic activity, and nutrient cycling, particularly of nitro-
gen and carbon. Intensified microbial activity accelerates or-
ganic matter decomposition, improves soil aeration and aggre-
gation, and increases nutrient availability, ultimately contribut-
ing to improved root growth and soil fertility. Therefore, MGS 
demonstrated the greatest potential for the sustainable en-
hancement of soil microbial populations and fertility under 
field conditions. The application of all tested biological prepara-
tions positively influenced soil fertility indicators, including hu-
mus content as well as available phosphorus and potassium. 
Humus accumulation increased by 12.7% under MGS, by 11.5% 
with BEM–1, and by 11.7% with TRD compared to the untreated 
control (Fig. 2), suggesting that intensified microbial decompo-
sition and improved nutrient cycling contributed to organic 
matter buildup. The content of available phosphorus in the 
0–20 cm soil layer was highest under BEM–1 (18.1 mg kg–1), fol-
lowed by MGS (17.9 mg kg–1) and TRD (17.6 mg kg–1), while po-
tassium concentrations were maximized under MGS (186.4 mg 
kg–1), followed by TRD (173.1 mg kg–1) and BEM–1 (169.1 mg kg–1) 
(Fig. 3). These results indicate that differences among the tested 
preparations are related to their specific composition. In par-
ticular, the complex mixture of phytohormones, amino acids, 

trace elements, and beneficial microorganisms in MGS likely 
enhanced microbial activity, thereby accelerating organic mat-
ter mineralization and nutrient solubilization. Similar im-
provements in soil organic carbon and nutrient availability 
following the application of biological and silicon-based prepa-
rations have been reported in previous studies (Juknevicius et 
al., 2018; Mamasolieva et al., 2023). Overall, the results indicate 
that all tested bioproducts positively influenced soil fertility, 
with MGS exhibiting the most pronounced effect under field 
conditions. During the study, the effect of biological prepara-
tions on the germination of the cotton variety “Buxoro-10” was 
evaluated based on monitoring conducted from April 20 to May 
10 (2022–2024). The analysis revealed that, compared to the 
control, seed germination increased by 8.9% under BEM–1 
treatment, 13.3% under MGS, and 9.2% under TRD. These re-
sults indicate that the applied biological preparations positive-
ly influenced seed germination dynamics. Seed germination 
and early seedling establishment are governed by internal bio-
chemical processes, including enzyme activation, osmoregula-
tory adjustments, hormonal signaling, and the induction of 
protective metabolic responses (Kurilova, 2020). Accordingly, 
parameters such as enzyme activity, phytohormone balance, 

Fig. 2. Effect of biological preparations on soil humus content. Data are expressed as mean ± SE (n = 4), with statistical significance set at P < 0.05
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and proline accumulation are commonly used indicators to as-
sess the physiological status of seedlings during the emergence 
stage. These processes are critical determinants of the effec-
tiveness of applied preparations under stress conditions 
(Moghaddam et al., 2020). To better elucidate the physiological 
and metabolic responses of plants to the applied treatments, 
the activities of key antioxidant enzymes superoxide dismutase 
SOD, POD, and CAT as well as proline content were evaluated in 
12-day-old cotton seedlings grown under local soil and climatic 
conditions (Table 2). Biochemical analyses showed that the ap-
plication of the preparations at the early growth stages of cot-
ton seedlings positively affected antioxidant enzyme activity 
and stimulated proline synthesis. Further analysis demonstrat-
ed that the application of biological preparations during early 
seedling growth led to a notable increase in antioxidant en-
zyme activities and proline accumulation compared to untreat-
ed control plants. The application of BEM–1 resulted in a mod-
erate stimulation of the antioxidant defense system, with SOD 
activity increasing by approximately 5%, CAT activity by 17%, 
and POD activity by 17% relative to the control. In addition, 
proline accumulation increased by nearly 10%, indicating en-
hanced osmoprotective mechanisms in seedlings treated with 
this preparation. A stronger physiological response was ob-
served following treatment with MGS. Compared to the control, 
SOD activity increased by approximately 13%, CAT activity by 
nearly 37%, and POD activity by 35%. Proline accumulation in-
creased by more than 30% relative to the control, demonstrat-
ing that MGS had the most pronounced stimulatory effect on 
both antioxidant enzyme activity and proline synthesis among 
the tested treatments. The application of TRD also resulted in 
significant improvements in the analyzed biochemical param-
eters, although its effects were less pronounced than those ob-
served under MGS treatment. Under TRD, SOD activity in-
creased by approximately 6%, CAT activity by 27%, and POD 
activity by 31%, while proline accumulation increased by 
around 14% compared to the control. The superior effect of 
MGS is likely associated with its complex biochemical composi-
tion, which includes amino acids, vitamins, enzymes, organic 
acids, and microbial metabolites. Bioactive substances in the 
preparation activate redox signaling pathways, thereby pro-
moting the synthesis and activity of antioxidant enzymes such 
as SOD, CAT, and POD. Amino acids and organic acids further 
support these processes by acting as precursors and signaling 

molecules involved in plant stress-response regulation (Kohler 
et al., 2008; Omoarelojie et al., 2021). Proline accumulation, 
which was most pronounced under MGS treatment, plays a key 
protective role in plant stress tolerance. Proline acts not only as 
an osmolyte that stabilizes cellular water potential but also as 
a molecular chaperone that preserves membrane integrity and 
scavenges reactive oxygen species (ROS), thereby maintaining 
cellular redox homeostasis under stress conditions (Szabados 
and Savouré, 2010; Verbruggen and Hermans, 2008). Microbial 
metabolites present in MGS may further induce the expression 
of genes involved in ROS detoxification, thereby enhancing re-
dox homeostasis and limiting oxidative damage to cellular 
components (Kurilova, 2020). Consequently, the coordinated 
activation of both enzymatic and non-enzymatic antioxidant 
systems strengthens overall plant stress tolerance and pro-
motes physiological stability during early growth stages 
(Moghaddam et al., 2020). Although BEM–1 and TRD also con-
tain beneficial microorganisms that improve nutrient cycling 
and soil microbial activity, their influence on plant internal 
biochemical pathways is more indirect than that of MGS, which 
provides both microbial and biochemical stimulation. There-
fore, the synergistic interaction of microbial metabolites, ami-
no acids, and antioxidant components in MGS likely accounts 
for its superior stimulatory effect on enzyme activity and pro-
line synthesis. During fiber formation and maturation in cot-
ton, substantial amounts of cellulose are required for second-
ary cell wall synthesis. At this stage, cell elongation gradually 
slows, and an increase in hydrogen peroxide (H2O2) concentra-
tion in the cell wall initiates oxidative processes essential for 
wall strengthening. The maintenance of appropriate cell wall 
softness during fiber elongation is critical for determining fi-
ber length and mechanical strength. Superoxide dismutase 
plays a central role in this process by catalyzing the dismuta-
tion of superoxide radicals into H2O2. The accumulated H2O2 
regulates lignification processes, thereby modifying the me-
chanical properties of the cell wall while maintaining sufficient 
flexibility for fiber elongation. In the present study, the effects 
of different preparations, particularly MGS, on SOD activity 
were evaluated in cotton seed integuments at 20, 30, and 40 
days during early fiber development (Table 3). Enzyme activity 
was measured to assess oxidative stress responses and the pro-
tective effects of treatments during the initial stages of fiber 
formation. These results were integrated with HVI analyses of 

Table 2
Effects of biological preparations on biochemical processes in cotton seedlings

Treatment Enzyme activity (U mg–1 protein) Proline 
(μg g–1 fresh mass)

Superoxide dismutase Catalase Peroxidase

Control 132.12 ± 3.2 71.78 ± 2.7 112.96 ± 3.1 102.3 ± 4.2

BEM-1 139.11 ± 3.2 84.08 ± 1.8 131.65 ± 2.2 112.3 ± 4.2

MGS 148.69 ± 1.9 98.21 ± 1.7 152.01 ± 2.2 134.7 ± 3.8

TRD 140.12 ± 2.5 91.01 ± 2.3 147.87 ± 1.8 116.5 ± 4.2

The values presented are the mean ± SE of three independent experiments (n=4). p < 0.05
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Table 3
Effect of preparations on SOD activity in cotton integuments at different developmental stages (20, 30, 40 days)

Treatment Time dynamics of  SOD activity (U min–1 mg–1 protein)

Day-20 Day-30 Day-40

Control 37.21 ± 2.4 61.31 ± 3.7 13.75 ± 0.7

BEM-1 44.18 ± 1.8 75.13 ± 1.6 3.43 ± 0.09

MGS 52.13 ± 0.10 82.11 ± 0.09 2.09 ± 1.01

TRD 48.12 ± 1.03 79.02 ± 1.3 3.17 ± 1.2

The values presented are the mean ± SE of three independent experiments (n=4). p < 0.05

Table 4
Effect of preparations on cotton fiber quality parameters and productivity (Bukhara-10 c ha–1)

Options Fleece 
yield/%

Micro-
naire

Fiber length/ 
mm

Oil content 
of seeds/ %

Yield/ c ha–1 Compared to control 
addition/

c ha–1 %

Control 34.53 4.1 35.0 20.0 36.6 – –

BEM-1 37.85 4.4 35.7 20.4 39.7 +3.1 8.4

MGS 38.68 4.6 36 20.8 40.3 +3.7 10.1

TRD 38.00 4.3 35.8 20.3 40.1 +3.5 9.5

The values presented are the mean ± SE of three independent experiments (n=4). p < 0.05

fiber quality parameters and yield performance (Table 4). In 
the untreated control, fiber yield was 34.53%, micronaire value 
4.1, fiber length 35.0 mm, seed oil content 20.0%, and produc-
tivity 36.6 c ha–1. Application of BEM-1 increased fiber yield to 
37.85%, micronaire value to 4.4, fiber length to 35.7 mm, and 
seed oil content to 20.4%, resulting in a productivity increase of 
3.1 c ha–1 (8.4%) compared to the control. The MGS treatment 
resulted in the highest improvements across most parameters, 
with fiber yield reaching 38.68%, micronaire value 4.6, fiber 
length 36.0 mm, and seed oil content 20.8%. Productivity under 
MGS increased by 3.7 c ha–1 (10.1%) relative to the control. Sim-
ilarly, TRD treatment enhanced fiber yield to 38.0%, micronaire 
value to 4.3, fiber length to 35.8 mm, and seed oil content to 
20.3%, with a corresponding productivity increase of 3.5 c ha–1 
(9.5%). The observed differences in efficacy among the tested 
preparations are likely attributable to their distinct composi-
tions. MGS contains a complex mixture of phytohormones, 
amino acids, trace elements, and beneficial microorganisms, 
whereas BEM–1 primarily supplies microbial inoculants and 
TRD functions mainly as a biocontrol agent with moderate bio-
stimulatory effects. The positive responses observed are associ-
ated with improved nutrient assimilation, enhanced metabolic 
and enzymatic activity, and increased physiological resilience, 
which collectively support root development, boll formation, 
and fiber quality. These findings are consistent with previous 
studies demonstrating that the application of biostimulants 
and plant-based preparations enhances cotton growth, repro-
ductive development, and yield by improving early seedling 
performance, nutrient availability, and physiological stability 

under field conditions (Davronov and Ibragimova, 2025; Rashi-
dova et al., 2023; Zhangjin et al., 2025). Overall, the results of 
this study indicate that biologically active preparations can im-
prove cotton productivity and fiber quality by enhancing nutri-
ent cycling, enzyme activity, and key physiological processes, 
highlighting their potential for sustainable yield improvement 
and soil fertility management under field conditions.

4. Conclusions

The results of this study confirm that the application of 
biological preparations, particularly Microgrowth stimulator, 
significantly enhances soil biological activity, improves nutrient 
availability, and promotes cotton growth and yield on irrigated 
meadow-alluvial soils. All applied treatments BEM-1, MGS, and 
TRD contributed to an increase in soil microbial populations, 
humus accumulation, and available phosphorus and potassium 
content, leading to improved soil fertility. Biochemical analy-
ses revealed that these preparations stimulated antioxidant 
enzyme activities (SOD, CAT, and POD) and proline synthesis 
in cotton seedlings, suggesting enhanced stress tolerance and 
early growth development. Notably, MGS showed the strongest 
effect in boosting antioxidant defense mechanisms and modu-
lating oxidative metabolism during fiber development, contrib-
uting to improved fiber elongation and structural quality. High 
Volume Instrumentation (HVI) analysis demonstrated that bio-
logical treatments positively affected fiber quality parameters 
fiber yield, length, micronaire value, and seed oil content. Yield 
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 performance increased by 8.4% to 10.1%, with the highest pro-
ductivity observed under Microgrowth stimulator treatment.

In summary, integrating biopreparations, particularly MGS, 
into cotton cultivation systems offers an effective, eco-friendly 
strategy to enhance soil health, improve plant biochemical re-
sponses, and increase both yield and fiber quality. These find-
ings highlight the potential of microbial consortia-based treat-
ments for sustainable cotton production under saline, irrigated 
conditions.
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