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This study examines the influence of varying vermicompost application rates (0 %, 10 %, and
20 % of the substrate volume) on the growth, development, and yield of cucumber (Cucumis
sativus) and tomato (Solanum lycopersicum) cultivated under greenhouse conditions in the
Turkestan region of the Republic of Kazakhstan. The research is conducted within the
framework of chemical and technological transformation of organic matter in soil substrates.
The results indicate that the incorporation of vermicompost leads to notable changes in the
physicochemical characteristics of the substrate, including an increase in organic matter
content, stabilization of substrate pH, and improved availability of key macronutrients such as
nitrogen, phosphorus, and potassium. These modifications contribute to more active
mineralization processes and enhanced biochemical transformation of nutrients, which in turn
stimulate root system development, promote vegetative growth, and increase crop yield. The
highest overall productivity was recorded at a vermicompost application rate of 20 %,
demonstrating its maximum agronomic effectiveness. At the same time, the 10 % application
rate also showed a consistently positive effect, suggesting that it represents a balanced and
economically viable option for greenhouse cultivation. Overall, the findings support the use
of vermicompost as an efficient organic component in the chemical technology of soil
substrate improvement for greenhouse vegetable production.
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1. INTRODUCTION

As the world transitions to more sustainable agricultural production systems, there is an
increasing demand for organic and biotechnological methods to enhance soil fertility. The
biological decomposition of organic waste by earthworms, known as vermicomposting, is a
highly promising method for the production of eco-friendly biofertilizers that improve the
physicochemical and microbiological properties of soils and increase crop yield [1, 2, 3].
Modern evaluations and applied studies have confirmed that vermicompost stabilizes nutrients,
increases the content of humic substances, and enhances soil microbial activity, all of which
have a positive impact on seed germination, plant growth, and product quality [4, 5, 6].

The southern region of Kazakhstan, which encompasses the Turkestan region, is
distinguished by a continental climate that is marked by hot summers and a comparatively low
level of natural humidity. The organic matter content of the soils in this region is frequently
deficient, and their water-holding capacity is restricted. These circumstances underscore the
importance of organic soil amendments: vermicompost treatment can improve the availability
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of macronutrients, water retention, and soil structure in such soils, rendering this technique
particularly relevant for local greenhouse vegetable production [7, §].

Eisenia fetida is the critical biological agent in the majority of industrial and laboratory
vermicomposting systems. This species is capable of producing a stable, biologically active
vermicompost and has a high rate of organic matter processing [9, 10].

The primary objectives of research on the application of vermicompost in protected
cultivation are twofold: (1) the enhancement of seedling quality and the maximisation of crop
yields, and (2) the determination of the optimal vermicompost concentration in the substrate.
Numerous experimental studies have demonstrated that the development of plants, the growth
of root systems, and the efficiency of photosynthetic processes are all improved by the moderate
addition of vermicompost (typically 5...30 % by volume) [11, 12, 13]. Furthermore, there have
been reports of enhanced fruit quality, including soluble solids and vitamin C content, as well
as increased yields [14]. However, high amounts (e.g., close to 100 %) do not always provide
benefits and can result in nutrient imbalance or excessive salt accumulation [15, 16].

The Turkestan region's unique circumstances (soil texture, low organic matter content,
high temperatures, and significant evapotranspiration) make it critical to experimentally identify
the appropriate vermicompost treatment rate for cucumber and tomato growing. Beyond
agronomic yield indicators, it is critical to analyse changes in soil agrochemical parameters (pH,
organic matter, accessible N, P, and K), water-physical properties, and microbial activity after
applying various vermicompost doses [17].

In this work, red Californian earthworms (Eisenia fetida) were employed to create
vermicompost from local organic waste. The primary goal was to assess the effects of various
vermicompost concentrations in the substrate (0 %, 10 %, and 20 %) on cucumber (Cucumis
sativus, hybrid cultivar Cedrik F1) and tomato (Solanum lycopersicum, hybrid cultivar Gamze
F1) growth and productivity under greenhouse conditions in the Turkestan region, as well as
changes in key soil parameters. The findings will enable recommendations for ideal application
rates based on local soil and climate circumstances.

2. MATERIALS AND METHODS

Study the object. The study focused on soil from the Turkestan region of the Republic of
Kazakhstan that was used to grow cucumber (Cucumis sativus) and tomato (Solanum
lycopersicum) under greenhouse conditions. This region's arable soils have a hot continental
climate, low natural moisture availability, low organic matter content, and a compacted
structure, limiting their natural fertility and water-holding capacity. These qualities require
organic fertilisers to enhance soil agronomic properties.

Vermicompost, a byproduct of organic waste processing with red Californian earthworms
(Eisenia fetida), was employed as the organic ingredient. Vermicompost is known for its
potential to improve soil structure, increase the availability of key nutrients, and activate soil
microbes, which is especially relevant in areas with low humus reserves [18, 19, 20].

Vermicompost preparation. Vermicompost was created by bioconverting organic waste
using red Californian earthworms (Eisenia fetida). The substrate consisted of a mixture of cattle
and goat dung, which was homogenised and hydrated to 70...80 %. The manure mixture was
combined with sawdust at a 3:1 ratio.

Before filling the containers, substrate viability was evaluated to verify earthworm
survival: 10...12 individuals were placed in 250...300 g of the prepared material and left for 24
hours. In the lack of earthworm mortality, the substrate was deemed suitable for continued
usage.

The substrate was packed in boxes in layers about 15 cm thick. Following that, a thin layer
of new organic feed was applied every 5...7 days to encourage earthworm migration to the top
layers. Regular spraying every 2...3 days kept the moisture content between 60 and 80 %. The
temperature was controlled with an electronic thermometer and kept between 15 and 25 degrees
Celsius. The pH was stabilised at 6.5...7.7.

After earthworms finished processing the substrate, the resulting vermicompost was
separated with a drum separator and used as fertiliser in greenhouse trials.
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Applying Vermicompost to Soil. Greenhouse tests employed a 30 cm thick arable soil
layer with plant residues and coarse mechanical inclusions. Before applying fertiliser, the soil
was evenly loosened and levelled.

The previously collected vermicompost served as an organic fertiliser. It was applied
according to the size of the experimental plots. The application rates were established at two
levels: 10 % and 20 % of the dry soil mass in the 30 cm layer, equivalent to 500 and 1000 g/m2,
respectively. Soil without vermicompost application was used as the control treatment (Table
1).

Vermicompost was applied by equally dispersing a pre-weighed amount over the soil
surface of each experimental plot, then thoroughly mixing with the upper 10...12 c¢m soil layer
to ensure consistent organic matter distribution. Following treatment and mixing, the soil was
hydrated to its field capacity, which increased microbial activity and enhanced soil structure.

Table 1
Vermicompost application rates and content in experimental treatments
Experimental treatment | Vermicompost mass, g/m? | Content, %
Control (without vermicompost) - -
Soil + vermicompost 500 10
Soil + vermicompost 1 000 20

Methods for determining the chemical composition of vermicompost and soil. The
chemical composition of vermicompost and soil was analysed using standardised methods
governed by national and international norms.

Vermicompost's chemical composition was determined by analysing key elements and
agrochemical factors using standardised procedures. The organic matter content was assessed
using the gravimetric method based on sample ignition and subsequent mass loss estimation, as
specified in GOST 23740-2016. The carbon and humus contents were determined using 1.V.
Tyurin's oxidation-titrimetric method. Total nitrogen was determined using Tyurin's
microchromium method, which involves oxidising organic materials with a chromic
combination. Following acid digestion of the samples, the phosphorus (P,Os) content was
evaluated using a gravimetric method in accordance with GOST 27784-88, while potassium
(K»0) was determined using an ionometric method in accordance with GOST 26261-84. The
pH of the aqueous extract was determined potentiometrically according to GOST 26423-85.

The agrochemical characteristics of the examined soil were determined using standardised
analytical procedures. The mobile forms of phosphorus (P>O5) and potassium (K>O) were
determined using the Machigin method modified by CINAO, whereas carbon and humus levels
were measured using the Tyurin method, as per GOST 26205-91. The chlorides were analysed
using a titrimetric method in accordance with ST RK 1286-2004, and the bicarbonates (HCO3-
) were calculated titrimetrically in accordance with GOST 31957-2012. The total dissolved
solids of the aqueous extract were determined gravimetrically in compliance with GOST 26423 -
85, whereas sulphates (SO4>) were quantified using a comparable gravimetric method according
to ST RK ISO 11048-2007. The exchangeable calcium and magnesium were determined using
CINAO titrimetric methods in line with GOST 26487-85, and the ammonium nitrogen (NH*")
was determined using GOST 27753.8-88. The total forms of copper, zinc, and lead were
analysed using the inversion voltammetric method described in MU 31-11/2005. The pH of the
aqueous extract was determined potentiometrically according to GOST 26423-85.

Greenhouse Experiment with Cucumber and Tomato Seedlings. The experiment was
conducted in 2025 in a greenhouse located at the Research Institute “Ecology” of Khoja Ahmed
Yasawi International Kazakh-Turkish University. The crops under study were cucumber
(Cucumis sativus, hybrid cultivar Cedrik F1) and tomato (Solanum lycopersicum, hybrid
cultivar Gamze F1).

In late January 2025, seeds were sown in 8 cm diameter plastic cups filled with greenhouse
substrate. For each experimental treatment, 10 plants of each crop were planted. Seedlings were
grown under the following conditions: 20...25 °C during the day, 15...20 °C at night, 50...60%
relative humidity, and 12...14 hours of natural and supplementary lighting per day. Irrigation

216



Akhmetov et.al

Hydrometeorology and Ecology No2 (122), 2026

was performed as the upper layer of the substrate dried. The seedling's growth phase lasted 30
days (Figure 1).

Figure 1. Seedlings: (a) cucumber (Cucumis sativus, hybrid cultivar Cedrik F'1); (b) tomato
(Solanum Iycopersicum, hybrid cultivar Gamze F1)

At the end of February, the seedlings were transplanted onto prepared beds where the soil
had been pre-treated and fertilised with vermicompost at various concentrations based on the
experimental design (Table 1).

3. RESULTS AND DISCUSSION

Characteristics of the Chemical Composition of Soils in the Turkestan Region. The
soils of the Turkestan region in southern Kazakhstan are developed under harsh continental
climatic conditions that include scorching and arid summers, low air humidity, and little
atmospheric precipitation. These natural and climatic factors determine the dominance of light
chestnut and sierozem soils, which are distinguished by low organic matter content, poor
humification, and high carbonate levels (Table 2). These soil types usually have an alkaline or
slightly alkaline reaction, a high buffering capacity, moderate macronutrient availability, and a
diverse distribution of nutrients throughout the soil profile.

Table 2
Chemical composition of the studied soil in the Turkestan region
Parameter Content, %
Carbon (C) 1,56 %
Humus 3,1%
Phosphorus (P20s), available 185,6 mg/kg
Potassium (K20), available 3,85 mg/kg
pH (aqueous extract) 8,6
Total dissolved solids in aqueous extract 0,089 %
Ammonium nitrogen (NH4") 0,009 mg/kg
Bicarbonates in aqueous extract 0,024 %
Chlorides in aqueous extract 0,0009 %
Sulfates in aqueous extract < 0,048 %
Zinc (total) 77,0 mg/kg
Lead (total) 22 mg/kg
Copper (total) 24 mg/kg
Calcium in aqueous extract 0,02 %
Magnesium in aqueous extract 0,068 %

The examination of the soil chemical composition revealed a set of signs indicating that
the soil is slightly alkaline, fairly humus-rich, and contains a diverse range of macro- and mi-
cronutrients. The carbon concentration was 1.56 %, indicating soils with a low to medium level
of cultivation, while the humus percentage (3.1 %) shows moderate humification, which is typ-
ical of light chestnut and sierozem soils in southern regions. The available forms of nutrients
exhibited pronounced differences: the phosphorus content (185.6 mg/kg) can be classified as
high, but the level of available potassium was extremely low (3.85 mg/kg), indicating a K,O
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deficiency and a potential need for additional potassium fertilisation to ensure optimal mineral
nutrition of plants.

The soil solution had a slightly alkaline reaction (pH 8.6), which is typical of carbonate
soils in arid locations and may limit the availability of some micronutrients like iron, zinc, and
manganese. The total dissolved solids (0.089 %) and bicarbonate concentration (0.024 %) sup-
port the aqueous extract's little mineralisation. The presence of chloride (0.0009 %) and sulphate
(<0.048 %) indicates a lack of salinity and a balanced ionic composition.

The study of mobile macrocations revealed modest levels of calcium (0.02 %) and mag-
nesium (0.068 %) in the aqueous extract, indicating adequate availability of these elements. The
content of ammonium nitrogen (0.009 mg/kg) was exceedingly low, as is typical of mineralised
and low-organic soils in the absence of new organic matter. The overall quantities of zinc (77
mg/kg), copper (24 mg/kg), and lead (22 mg/kg) did not exceed allowed levels, indicating that
the soil is environmentally safe for these elements. Zinc was the most abundant element, with
concentrations similar to natural background values in southern soils.

Overall, the findings show that the examined soil has a moderate humus content and a high
phosphorus level, but there is a significant lack of accessible potassium and ammonium nitro-
gen, which may limit crop growth and production. These qualities highlight the importance of
using organic fertilisers, such as vermicompost, to increase soil structure, nutritional status, and
biological activity.

Chemical and Nutrient Content of Vermicompost. Chemical examination of vermicom-
post revealed that the examined sample contains a high concentration of organic matter, humi-
fied chemicals, and necessary macronutrients, proving its high agrochemical value and effi-
ciency as an organic fertiliser for vegetable crops (Table 3).

Nutrient content of vermicompost

Name of the parameter determined | Content and unit of measurement | Content in mg/100 g of vermicompost

Organic matter
Carbon (C)
Humus
Nitrogen

Phosphorus (P20s)

Potassium (K20)
pH

342 % 34200
11,74 % 11 740
23,19 % 23 190
1,58 % 1580
1,19 % 1190
1,95 % 1950
7,7 -

Organic matter, carbon and humus. The vermicompost had an organic matter content
of 34.2 %, showing that plant wastes were extensively decomposed by soil micro- and
macrofauna, notably red Californian earthworms (Eisenia fetida). This value greatly exceeds
the minimal level required for standard organic fertilisers, resulting in increased soil structure,
water retention, and aeration.

The carbon content was 11.74 %, indicating a significant carbon saturation in the organic
portion. Carbon is the principal energy source for soil bacteria, promoting the creation of stable
organomineral compounds and enhancing mineralisation and humification processes.

The humus percentage was 23.19 %, indicating that the vermicompost was very mature.
Humic compounds enhance the physical and chemical properties of soil by enhancing cation
exchange capacity, buffering capacity, water-holding capacity, and nutrient retention. The high
humus level makes vermicompost particularly helpful for soils with low organic matter content,
which are common in Kazakhstan's southern areas.

Major nutrients (nitrogen, phosphorus, and potassium). The macronutrient makeup of
the vermicompost is well balanced, containing:

Nitrogen (1.58 %), predominantly in organic and ammonium forms, is gradually released
and available to plants.

Phosphorus (P20s - 1.19 %) is required for root growth, energy metabolism, and the crea-
tion of flower and fruit structures.
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Potassium (K>O - 1.95 %) is the greatest of the macronutrients, making this vermicompost
especially beneficial for crops with high potassium requirements, such as cucumber and tomato.
Potassium enhances plant water relations, drought resistance, carbohydrate storage, and fruit
quality.

This nutrient balance promotes long-term and uniform plant feeding, lowering the possi-
bility of deficiencies or uneven nutrient supplies.

Medium acidity (pH). The pH of the vermicompost was 7.7, indicating a somewhat alka-
line response. This degree of acidity is ideal for most vegetable crops and does not impede
growth even at relatively high application rates (up to 20 %). Vermicompost's pH helps to sta-
bilise soil reactions, increase the activity of beneficial soil bacteria, and improve phosphate and
potassium availability.

The combination of these statistics permits the examined vermicompost sample to be clas-
sified as a high-quality organic substance, possessing:

* High organic matter and humus content.

* Optimised carbon-to-nitrogen ratio.

» Maintain balanced amounts of N, P,Os, and K,O.

* The reaction is somewhat alkaline and favourable.

+ Stable biological activity.

This combination of chemical qualities accounts for the observed stimulatory effect on
cucumber (Cucumis sativus) and tomato (Solanum lycopersicum) cultivation in the experimental
treatments. Vermicompost promotes faster plant growth, improved root system development,
and increased crop physiological activity.

Impact of Vermicompost on Cucumber Growth. Growth dynamics data for cucumbers
revealed that the treatment of vermicompost had a significant stimulatory effect on plant devel-
opment throughout the observation period. The plant height steadily rose in the control treat-
ment, although it remained lower throughout the experiment than in the experimental treat-
ments. The application of vermicompost at a 10 % rate stimulated growth: plants accumulated
more aboveground biomass, resulting in consistently larger height than the control (Figure 2).

The most significant benefit was seen at a 20 % treatment rate, which resulted in maximum
cucumber growth throughout the vegetative period. The plants in this treatment outperformed
the control by an average of 20...35 %, depending on the observation time. These findings can
be attributed to improved soil physicochemical qualities, enhanced availability of nutrient
forms, and activation of soil microbes, all of which are vermicompost-specific.
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Figure 2. Cucumber growth over time with vermicompost application
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The Impact of Vermicompost on Tomato Growth and Development. A similar ten-
dency was observed with tomato cultivation. Plants under the control treatment had the lowest
height values, but vermicompost application resulted in a considerable increase in growth. Dif-
ferences between the experimental and control treatments emerged early in the development
process.

The 10 % vermicompost application rate resulted in a moderate increase in plant height,
while the 20 % rate produced the greatest stimulatory impact, with plants exceeding the control
by an average of 15...30 % (Figure 3).

Tomato plants were very sensitive to changes in the nutritional and microbiological quality
of the substrate, emphasising the necessity of organic soil enrichment for this crop. Vermicom-
post contained not only vital nutrients but also phytohormones, humic acids, and biologically
active chemicals that aided in rapid growth.
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Figure 3. Tomato growth over time with vermicompost application

Comparison of Effects. In summarising the results for both crops, a general trend
emerges: increasing the vermicompost dose by up to 20 % has the greatest stimulatory effect.
The control treatment showed minimal growth dynamics.

The 10 % dose resulted in evident but minor gains in development.

The 20 % dose produced the largest plant heights throughout the experiment.

The comparable response patterns of tomato and cucumber show vermicompost's effec-
tiveness as an organic fertiliser. The stimulatory impact is connected with improved soil struc-
ture, better water-holding capacity, lower bulk density, increased aeration, and substrate enrich-
ment with accessible forms of N, P, and K, as well as biologically produced growth biostimu-
lants.

The Effect of Various Vermicompost Doses on Cucumber Yield under Greenhouse
Conditions. During the experiment, the dynamics of cucumber yield production were assessed
using two vermicompost doses (10 % and 20 % of the substrate volume) in contrast to the con-
trol treatment. Fruit was harvested on a regular basis throughout the fruiting season (April-May
2025), and the product mass (g) was analysed for each treatment.

At the early stages of fruiting (the first harvest dates, April 4 and 7), the mass of harvested
fruits was considerably greater in the vermicompost treatments than in the control. On April 4,
the yield of the 20 % vermicompost treatment (743.81 g) was higher than that of the 10 %
treatment (219.57 g), while the control had yet to produce any yield. On April 7, a similar pattern
was seen, with the 10 % and 20 % vermicompost treatments generating 1,465.61 and 1,435.34
grams, respectively.
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Throughout the investigation, the treatments with vermicompost consistently outper-
formed the control. On average, the 20 % vermicompost treatment produced the best yield val-
ues, although the 10 % dose similarly outperformed the control (Figure 4).

Peak yield values recorded in late April/early May need special attention. On April 28, the
20 % treatment yielded 5,176.52 g, and the 10 % treatment yielded 5,038.50 g, while the control
yielded only 3,069.85 g. A similar peak was seen on May 2, when the 20 % vermicompost
treatment produced 5,377.47 g, which was 2,148.75 g more than the control.

By the end of the growing season (second half of May), the discrepancies between treat-
ments remained, but with a trend toward yield stabilisation. For example, on May 23, the yield
in the 20 % treatment was 4,396.28 g, more than 3.3 times greater than the control (1,321.43 g).
On the final harvest date (May 26), all treatments produced decreased yields; however, the 10%
(1,986.2 g) and 20 % (1,508.11 g) vermicompost treatments exceeded the control (891.57 g).
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Figure 4. Dynamics of cucumber yield over time with the application of vermicompost

The results clearly show that vermicompost has a good influence on cucumber productivity
under greenhouse circumstances. The greatest substantial effect was observed during vigorous
fruiting (late April - early May), when the differences between treatments peaked (Figure 6).

Vermicompost promotes early fruiting. Even in the early phases of observation, vermicom-
post treatments produced fruit significantly earlier and in larger quantities than the control. This
effect is connected with enhanced macro- and micronutrient availability, improved substrate
structure, and the activation of microbiological activities.

The 20 % dose gives the maximum yield. Across all time intervals, the 20 % treatment
consistently produced the highest fruit mass. Peak yields exceeded the control by more than
1.5...3.5 times, demonstrating the remarkable efficacy of this ideal degree of organic substrate
enrichment.

The 10 % dose likewise produced a significant favourable effect. Although yields at 10 %
were marginally lower than at 20 %, they continuously outperformed the control for the majority
of harvest dates. This suggests that even mild vermicompost application considerably increases
cucumber fruiting.

The control treatment produced the lowest and most unstable yields. The absence of or-
ganic substrate enrichment resulted in decreased fruiting intensity, particularly during periods
of peak plant load.

Overall, the results show that using vermicompost is a highly beneficial agronomic ap-
proach for greenhouse cucumber growing. The 20 % dose proved to be the most productive,
with the largest cumulative yield over the course of the observation period. The 10 % dose might

221



Akhmetov et.al

Hydrometeorology and Ecology No2 (122), 2026

also be viewed as an economically and agronomically advantageous alternative for protected
cucumber cultivation.

Effect of Various Vermicompost Doses on Tomato Yield Under Greenhouse Condi-
tions. The study also looked at the impact of two vermicompost doses (10 % and 20 % of sub-
strate volume) on tomato yield versus a control treatment with no organic amendments. Fruit
harvesting occurred on a regular basis from May 12 to June 16, 2025, and product mass was
recorded for each treatment (Figure 5).

At the earliest fruiting stage (May 12), all treatments had modest yields. Nonetheless, even
at the first harvest date, the vermicompost treatments excelled the control: the 20 % treatment
yielded 778.77 g, which was six times more than the control (128.31 g), while the 10 % treat-
ment surpassed the control nearly twofold (230.04 g).

On successive observation dates, yield increased in all treatments; however, the rate of
fruit mass accumulation was significantly faster in the vermicompost treatments. On May 16,
harvest masses were as follows: control - 1,051.40 g; 10 % - 1,571.16 g; 20 % - 2,055.68 g.

Thus, the benefit of the 20 % vermicompost treatment was sustained, with the highest
values. On May 20, the 10 % treatment (2,481.05 g) marginally outperformed the 20 % treat-
ment (2,182.50 g), showing a brief "equalisation” in fruiting intensity between the two doses.
Nonetheless, over time, the 20 % therapy showed the best results.

The most noticeable changes occurred during peak fruiting periods. On May 23, the fruit
mass reached: control — 2,722.56 g; 10 % — 3,826.97 g; and 20 % — 3,459.34 g.

By the end of May (May 26), the control yield was 2,921.03 g, while the 10 % and 20 %
treatments produced 2,423.96 g and 2,473.78 g, respectively.

The most significant comparison occurred on May 30, when the 20 % treatment reached
4,665.61 g, more than 2.5 times greater than the control (1,851.71 g). The 10 % treatment like-
wise significantly outweighed the control (2,020.42 g).

In early June (June 2...10), the pattern of increasing differences across treatments per-
sisted. On June 10, the fruit mass was: control - 3,912.76 g; 10 % - 6,157.65 g; and 20 % -
4,972.38 g.

During this time, the 10 % treatment produced the best yield, presumably due to the ideal
balance of nutrient availability and substrate aeration.

By the end of the observation period (June 16), yields in all treatments had dropped, but
the disparities between treatments remained: control - 2,610.00 g; 10 % - 3,105.61 g; 20 % -
2,226.84 g.

The observed non-linear dose—response relationship between vermicompost application
rate and tomato yield can be explained by the combined influence of substrate physicochemical
properties, plant physiological responses, and prevailing microclimatic conditions during the
experimental period. While Figures 2-3 demonstrate a clear positive correlation between
vermicompost dose and vegetative growth (plant height), yield formation is a more complex,
multi-factorial process that depends not only on biomass accumulation but also on reproductive
efficiency, nutrient balance, and environmental stress conditions.

One of the key factors underlying the superior performance of the 10 % vermicompost
treatment on May 30 is the optimisation of substrate aeration and nutrient availability. At
moderate application rates (10 %), vermicompost improves soil structure, increases porosity,
and enhances oxygen diffusion to the root zone. This promotes balanced root respiration and
efficient nutrient uptake. In contrast, higher application rates (20 %) despite increasing organic
matter and nutrient supply may lead to partial compaction of the substrate, increased water
retention, and reduced aeration. Under such conditions, excessive moisture combined with
limited oxygen availability can suppress root activity and reduce the efficiency of generative
processes such as flowering and fruit filling.

Additionally, nutrient balance plays a crucial role. Vermicompost is rich in available
nitrogen, phosphorus, and potassium; however, excessive concentrations particularly at the 20%
rate may disrupt the optimal nutrient ratio. High nitrogen availability can stimulate vegetative
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growth at the expense of reproductive development, leading to delayed or reduced fruit set.
Therefore, the 10 % treatment likely provided a more balanced nutrient environment during the
critical fruiting stage, resulting in higher yield on May 30.

Microclimatic conditions further contributed to this non-linear response. During May, air
temperature fluctuated between +25 °C and +40 °C, while relative humidity ranged from 11 %
to 36 %, indicating generally hot and arid conditions typical of greenhouse environments in
southern Kazakhstan. On May 30 specifically, the temperature was approximately +28 °C with
relative humidity around 20 %. These conditions are close to optimal for tomato fruit set and
development, as moderate temperatures (25...30 °C) combined with low to moderate humidity
(20...30 %) favour pollination, reduce fungal disease pressure, and enhance assimilate transport
to fruits.

Under these favourable environmental conditions, the advantages of the optimally
balanced 10 % vermicompost treatment became more pronounced. The improved aeration and
moderate nutrient supply likely allowed plants to fully utilise the favourable temperature—
humidity regime, resulting in maximal fruit formation and accumulation of biomass in fruits
rather than vegetative organs. Conversely, in the 20 % treatment, the potential limitations in
aeration and possible nutrient imbalance may have restricted the plant’s ability to capitalise on
these optimal climatic conditions.

It is also important to consider plant physiological regulation under stress conditions. At
higher temperatures (approaching 35...40 °C), which were periodically observed during May,
plants experience increased transpiration and potential water stress, especially under low
humidity (11...20 %). In substrates with higher organic content (20 % vermicompost), increased
water retention may initially be beneficial; however, under fluctuating irrigation regimes, it can
lead to uneven water availability and root zone hypoxia. In contrast, the 10 % treatment likely
maintained a more stable water—air balance, enabling better physiological adaptation to
temperature and humidity fluctuations.

Thus, the temperature—humidity dependence for achieving high tomato yield in this study
can be summarised as follows: optimal productivity was observed under temperatures of
+25...30 °C and relative humidity of 20...30 %, in combination with a moderately enriched
substrate (10 % vermicompost), which which provided an optimal balance between aeration,
water retention, and nutrient availability.

In conclusion, the superior performance of the 10 % vermicompost treatment on May 30
reflects a synergistic interaction between optimal substrate conditions and favourable
microclimatic parameters. These findings confirm that the relationship between vermicompost
dose and crop productivity is non-linear and strongly dependent on environmental conditions
and substrate physical properties. Therefore, the optimal application rate of vermicompost
should be determined not only based on its chemical composition but also considering
greenhouse microclimate and crop developmental stage.
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Figure 5. Dynamics of tomato yield over time with the application of vermicompost

The observed non-linear dose—response relationship between vermicompost application
rate and tomato yield can be explained by the combined influence of substrate physicochemical
properties, plant physiological responses, and prevailing microclimatic conditions during the
experimental period. While Figures 2...3 demonstrate a clear positive correlation between ver-
micompost dose and vegetative growth (plant height), yield formation is a more complex, multi-
factorial process that depends not only on biomass accumulation but also on reproductive effi-
ciency, nutrient balance, and environmental stress conditions.

One of the key factors underlying the superior performance of the 10 % vermicompost
treatment on May 30 is the optimisation of substrate aeration and nutrient availability. At mod-
erate application rates (10 %), vermicompost improves soil structure, increases porosity, and
enhances oxygen diffusion to the root zone. This promotes balanced root respiration and effi-
cient nutrient uptake. In contrast, higher application rates (20 %) despite increasing organic
matter and nutrient supply may lead to partial compaction of the substrate, increased water re-
tention, and reduced aeration. Under such conditions, excessive moisture combined with limited
oxygen availability can suppress root activity and reduce the efficiency of generative processes
such as flowering and fruit filling.

Additionally, nutrient balance plays a crucial role. Vermicompost is rich in available ni-
trogen, phosphorus, and potassium; however, excessive concentrations particularly at the 20 %
rate may disrupt the optimal nutrient ratio. High nitrogen availability can stimulate vegetative
growth at the expense of reproductive development, leading to delayed or reduced fruit set.
Therefore, the 10 % treatment likely provided a more balanced nutrient environment during the
critical fruiting stage, resulting in higher yield on May 30.

Microclimatic conditions further contributed to this non-linear response. During May, air
temperature fluctuated between +25 °C and +40 °C, while relative humidity ranged from 11 %
to 36 %, indicating generally hot and arid conditions typical of greenhouse environments in
southern Kazakhstan. On May 30 specifically, the temperature was approximately +28 °C with
relative humidity around 20 %. These conditions are close to optimal for tomato fruit set and
development, as moderate temperatures (25...30 °C) combined with low to moderate humidity
(20...30 %) favour pollination, reduce fungal disease pressure, and enhance assimilate transport
to fruits.

Under favourable environmental conditions, the advantages of the optimally balanced 10%
vermicompost treatment became more pronounced. The better aeration and moderate nutrient
supply probably helped the plants make the most of the good temperature and humidity condi-
tions, which led to the most fruit formation and the most biomass being stored in the fruits
instead of the vegetative organs. Conversely, in the 20 % treatment, the potential limitations in
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aeration and the possible nutrient imbalance may have restricted the plant’s ability to capitalise
on these optimal climatic conditions.

It is also important to consider plant physiological regulation under stress conditions. At
higher temperatures (approaching 35...40 °C), which were periodically observed during May,
plants experience increased transpiration and potential water stress, especially under low hu-
midity (11...20 %). In substrates with higher organic content (20 % vermicompost), increased
water retention may initially be beneficial; however, under fluctuating irrigation regimes, it can
lead to uneven water availability and root zone hypoxia. In contrast, the 10 % treatment likely
maintained a more stable water—air balance, enabling better physiological adaptation to temper-
ature and humidity fluctuations.

N ;
40w Control

Figure 6. Appearance of cucumber (Cucumis sativus) and tomato (Solanum lycopersicum)
yield with different vermicompost application rates

Vermicomposting, particularly at 10 % and 20 % rates, is a successful agricultural strategy
for tomato growing in greenhouses. The treatments with organic fertiliser produced the highest
yields, demonstrating vermicompost's excellent agribiological value as a substrate component
for fruiting vegetable crops.

The results of this research unequivocally indicate that the soils of the Turkestan region
are distinguished by specific physicochemical characteristics that are indicative of arid and
semi-arid conditions in southern Kazakhstan. Light chestnut and sierozem soils, which are ex-
tensively distributed throughout this region, are produced in the presence of high evapotranspi-
ration, limited precipitation, and carbonate accumulation. An alkaline soil reaction (pH
7.8...8.8), low nitrogen availability, moderate to low organic carbon content, and heterogeneous
distribution of nutrients throughout the soil profile are the primary characteristics of soils in arid
zones, as indicated by prior research [21...22]. The pH value of 8.6 determined in the present
study fully corresponds to these characteristics and confirms the carbonate nature of the inves-
tigated soil.

The investigated soil exhibits only a moderate degree of biological activity and organic
matter transformation in comparison to intensively cultivated soils described in recent studies
(organic carbon levels of 1.0...2.5 % in irrigated arid agroecosystems). Nevertheless, the humus
content (3.1 %) can be assessed as moderate for southern Kazakhstan. The literature underscores
that soils in arid climates are particularly susceptible to organic matter declines as a result of
accelerated mineralisation at high temperatures and the insufficient return of plant residues.
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Consequently, the scientific justification for the administration of supplementary organic ferti-
lisers in the regions that have been identified is clear [23...24].

During the soil analysis, the exceedingly low content of available potassium (3.85 mg/kg)
and ammonium nitrogen (0.009 mg/kg) was identified as a critical limiting factor. A comparable
potassium deficiency has been documented in the irrigated soils of Central Asia, where the de-
pletion of exchangeable potassium reserves is a result of long-term monoculture and insufficient
application of organic fertilisers. Potassium plays a fundamental role in osmotic regulation, car-
bohydrate transport, and the resistance of vegetable crops to stress factors. Its deficiency, par-
ticularly under greenhouse cultivation conditions, can significantly reduce productivity. There-
fore, the pronounced increase in the yield of cucumber (Cucumis sativus) and tomato (Solanum
lycopersicum) observed after vermicompost application in this study is consistent with results
previously reported by other researchers [25, 26].

The chemical composition of the vermicompost used in the experiment confirms its high
agronomic value. The elevated content of organic matter (34.2 %) and humus (23.19 %) indi-
cates a high degree of stabilisation and maturity of the substrate. According to literature data,
vermicompost produced using Eisenia fetida is characterised by enhanced humification, in-
creased cation exchange capacity, and improved nutrient retention compared to conventional
compost. The balanced N-P—K ratio identified in the present study corresponds to the ranges
typical of high-quality vermicompost (1...2 % N, 0.5...1.5 % P,0s, 1...2 % K,0) [27...28].

The slightly alkaline reaction of the vermicompost (pH 7.7) is particularly important when
applied to alkaline soils similar to those studied. The literature indicates that vermicompost is
capable of buffering soil reaction, reducing the negative effects of excessive alkalinity, and in-
creasing the availability of micronutrients through chelation by humic substances [29]. This
partially explains the improvement in the vegetative growth of cucumber (Cucumis sativus) and
tomato (Solanum lycopersicum).

The stimulating effect on the growth of cucumber (Cucumis sativus) and tomato (Solanum
lycopersicum) is confirmed by the results of controlled greenhouse experiments. Norman Q.
Arancon et al. [30] reported an increase in plant height and biomass of vegetable crops by
20...40 % when vermicompost was applied at rates of 10...30 % of the substrate volume. Sim-
ilarly, Maria Lazcano et al. [31] demonstrated enhanced root system development and acceler-
ated phenological stages in tomatoes grown in substrates amended with vermicompost. In the
present study, the 20 % application rate provided the most stable increase in plant height
(20...35 % higher than the control for cucumber and 15...30 % for tomato), which is consistent
with international findings.

Yield dynamics under protected cultivation conditions also confirm the agronomic effec-
tiveness of vermicompost. Numerous meta-analyses indicate that vermicompost application can
increase vegetable crop yields by 15...60 %, depending on plant species, application rate, and
substrate characteristics [32]. In the present study, yield increases during the peak fruiting period
reached 1.5...3.5 times compared to the control in cucumber and up to 65 % or more in tomato,
confirming the high responsiveness of these crops to organic enrichment of the substrate.

An important observation is the differentiated response of tomato to the application of 10%
and 20% vermicompost during different fruiting stages. While the 20 % rate provided higher
performance in the early and middle fruiting phases, the 10 % rate showed better results during
the peak fruiting period in early June. Similar nonlinear “dose-response” relationships have been
described in the literature, where excessive application of organic substrate may alter aeration
or nutrient balance [33]. These findings indicate that the optimal concentration of vermicompost
may vary depending on the crop’s developmental stage and environmental conditions.

The stimulating effect of vermicompost is not limited solely to its nutritional value. Con-
temporary studies emphasise the role of humic acids, phytohormones (auxins and cytokinins),
and beneficial microbial communities present in vermicompost [34]. These biologically active
compounds stimulate root system development, enhance nutrient uptake efficiency, and increase
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plant resistance to abiotic stresses-factors that are particularly significant under the alkaline and
potassium-deficient soil conditions of the Turkestan region.

Overall, the results of the present study are fully consistent with contemporary interna-
tional scientific findings and confirm that vermicompost is an effective tool for improving the
fertility of arid and semi-arid soils. Under the specific soil and climatic conditions of southern
Kazakhstan, the application of vermicompost at rates of 10...20 % significantly enhances
growth dynamics and yield formation of cucumber and tomato under protected cultivation con-
ditions.

From an agroecological perspective, the integration of vermicompost into greenhouse pro-
duction systems contributes not only to increased yields but also to the sustainable management
of soil resources. Its application promotes the restoration of organic matter reserves, stimulates
biological activity, improves soil structure, and reduces reliance on mineral fertilisers. In the
context of escalating soil degradation and nutrient imbalances in arid regions, organic fertilisers
such as vermicompost represent a scientifically justified and environmentally safe strategy for
the sustainable production of vegetable crops.

4. CONCLUSION

The application of vermicompost to substrates for cucumber and tomato cultivation under
greenhouse conditions in the Turkestan region has a significant positive effect on plant growth
and development. The use of this organic fertilizer promotes the accelerated formation of both
aboveground biomass and root systems, improves physiological processes, enhances photosyn-
thetic activity, and increases overall plant vitality.

The most pronounced stimulatory effect was observed at the 20 % application rate, which
resulted in the highest plant height and cumulative yield throughout the observation period. The
10 % rate also had a positive effect, accelerating plant growth and improving productivity com-
pared to the control, making it an economically and agronomically justified option for organic
amendment.

Vermicompost application improves the physicochemical properties of the soil: it in-
creases humus and carbon content, enhances the availability of key macronutrients (N, P, K),
stabilizes substrate pH, and stimulates soil microbial activity. These changes create favorable
conditions for early and intensive fruiting, reduce the time to the first harvest, and ensure more
stable fruit development throughout the entire growing period.

Thus, the use of vermicompost in protected cultivation in the Turkestan region is a highly
effective organic agricultural practice, contributing to increased yield and quality of cucumber
and tomato, improved soil structure and fertility, and enhanced crop resilience to adverse soil
and climatic conditions.
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Byn 3eprrey Kazakcran PecrmyOnukaceibiH TypkictaH eHIipiHAE KBUIBDKA
XKarmauslHaa ecipiared KuspawiH (Cucumis sativus) *oHE KbI3aHAKTBIH (Solanum
lycopersicum) ecyiHe, naMyblHa J>XOHE OHIMIUTITIHE BEPMHUKOMIIOCTTHI JPTYpIIi
meepae (cyocrpar xememinig 0 %, 10 % xome 20 %) eHri3yaiH ocepiH
KapacTblpazapl. 3epITey TOMNBIPAK CYOCTPAThIHAAFbl OPraHUKAJbIK 3aTTap.blH
XMMUSIJIBIK-TEXHOJIOTHSUIBIK, TpaHcopMmanusichl asicblHaa xyprisineni. Hortmkenep
BEPMHUKOMIIOCTTBI €HTi3y CyOCTpaTThlH (PH3HKa-XUMHSJIBIK KaCHETTEpiHAE ejeyii
e3repicTep TyIBIPATHIHBIH KOPCETEMdl, COHBIH IMIiHAEe OpPraHUKaJBIK 3aTTapJIbIH
apTysl, cyocTtpar pH-BIHBIH TypaKTaHysl, a30T, Gocdop jKoHE KA CHSKTHI HETi3Ti
MaKpORJIEMEHTTEPIIH KOJDKETIMALTITIHIH jkakcapysl Oaiikanmbl. By esrepictep
MHUHEpaIJaHy TIPOLECTepiHiH OCJICCHIIEHyiHE JKOHE KOPEKTIK 3aTTapJIblH
OMOXMMMUSUIBIK TYpIICHYIHIH KYLIEIOiHE BIKIIA €Te i, HOTHXKECIHE TaMbIp JKYHeciHiH
JIaMyBI, BEreTaTHBTI ©CY JKOHE OHIMJAUIIK apraabl. EH jKOFapbl >Kalmbl eHIMALTIK
BepMUKOMIIOCTTBIH 20 % Memmepinge Oaikayiasl, OyJ OHBIH arpOHOMHUSIIBIK
THIMJINITIHIH €H XOoFapbl ekeHiH kepcereni. ConpiMeH Katap 10 % wmemmepi ae
TYpakTel OH ocep Oepim, OHBI JKBUIBDKAiAa ecipy YIIiH TEHrepiMmIi >KoHe
SKOHOMHUKAJIBIK TYPFBIIaH THIM/II HYCKa PEeTiHIe KapacThIpyFa OONaTBIHBIH KOPCETTI.
XKannel anrannga, anblHFAH HOTHXKENEP BEPMUKOMIIOCTTBI JKbUIBDKAH KOKOHIC
OHJIIPICIHAEC TOMBIPAK CYOCTpPATBIH JKAKCAPTYABIH XHUMISUIBIK TEXHOJOTHCHIHIA
THIM/Ii OpPraHUKaJIbIK KOMIIOHEHT PETiH/Ie KOJIIaHY bl KOJITaiIbl.
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B nanHOM wmccnenoBaHMM paccMaTpPUBACTCA BIMSHHUE DPA3IMYHBIX 103 BHECECHHSA
Bepmukomnocrta (0 %, 10 % u 20 % or odbema cyOcTpara) Ha pocT, pa3BUTHE H
ypoxaitHocte orypua (Cucumis sativus) u tomata (Solanum lycopersicum),
BBIpAlIMBaeMbIX B TEIUIMYHBIX yclioBusiX TypkectaHckoro pernona PecmyOimku
Kazaxcran. HccrnenoBaHue mpOBOAMTCS B paMKax XHMHKO-TEXHOJIOTHYECKOM
TpaHchopMaliKi OPraHMYeCcKOTO BELIECTBA B MOYBEHHBIX cyOcTpaTax. [lomy4yeHHbIe
pe3yibTaThl  MOKa3bIBAIOT, YTO BHECEHHME BEPMHUKOMIIOCTa MNPUBOAMT K
CYIIECTBEHHbIM HM3MEHEHUSIM (DHU3UKO-XUMHYECKHUX CBOMCTB cyOCTpara, BKJIIOYAs
YBEIMUYCHNE COJIEPKaHNs OPraHMYECKOT0 BelecTBa, crabnnm3ammio pH cyberpaTa u
YIJIy4IICHHE JOCTYHHOCTH OCHOBHBIX MaKpO3JIEMEHTOB, TAKHX Kak a3oT, pocdop u
Kanui.  JlaHHBIE ~ WM3MCHEHHS  CIIOCOOCTBYIOT  aKTHUBH3ALUH  IPOIECCOB
MHHEpAIHM3AMd W YCHICHHIO OHOXMMHYECKOH TpaHCOPMAIMM IHTATENbHBIX
BEIECTB, YTO, B CBOIO OYEpelb, CTUMYJIHPYET DPa3BUTHE KOPHEBOHW CHCTEMBI,
YCHUJIMBAET BET€TAaTHBHBII POCT M MOBBINIAET ypoXkaHOCTh. HauBbicuias oOmias
HPOJYKTHBHOCTH OblIa 3a()MKCHPOBaHa NPH BHECEHUU BepMUKoMNocTa B 103e 20 %o,
YTO CBUJIETEJIHCTBYET O €r0 MaKCUMaJIbHOW arpoHOMHYecKoii apdekruBHoCcTH. B TO
e BpeMst j103upoBka 10 % Takke Mmokaszajga yCTOWYMBO MOJOKHUTENbHBIN 3 eKT,
YTO TMO3BOJISIET paccMarpuBarh €€ Kak CcOalaHCHPOBAHHBIH M HKOHOMHYECKH
1e7Ieco00pa3HbIid BapUaHT ISl TEIUIMYHOTO BBIPALMBaHMA. B 1esloM mosydeHHbIe
pe3yiIbTaThl HOATBEPXKIAIOT 3(P(HEKTHBHOCTh MCIIONB30BAHHUS BEPMHKOMIIOCTAa Kak
OPTraHWYecKOro KOMIIOHEHTa B XMMHYECKOH TEXHOJOTHH YIy4IICHHs MOYBEHHBIX
cy0OcTpaToB Julsl TEIUIMYHOTO OBOIIEBOJICTBA.
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