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Abstract: Soil solution plays a crucial role in the growth
and development of plants by serving as the primary
medium through which nutrients are transported to the
roots. This study explores the significance of soil
solution in the cultivation of strawberries, potatoes, and
maize—three agriculturally important crops. The
availability and balance of essential nutrients such as
nitrogen, phosphorus, and potassium in the soil solution
directly affect root uptake efficiency, plant metabolism,
and overall yield. Additionally, factors such as pH,
salinity, and the presence of micronutrients in the soil
solution greatly influence plant health and resistance to
stress. Understanding the dynamics of soil solution
composition helps optimize fertilization strategies and
irrigation practices, ultimately contributing to improved
crop productivity and sustainable agricultural practices.
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Introduction: Soil is a vital component of agricultural
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ecosystems, providing mechanical support, water, and
essential nutrients to plants. Among the various
components of soil, the soil solution—a liquid phase
containing dissolved minerals, organic substances, and
gases—plays a fundamental role in plant nutrition. It
acts as the medium through which nutrients are
absorbed by plant roots, influencing metabolic
activities and overall plant development. Strawberry
(Fragaria x ananassa), potato (Solanum tuberosum),
and maize (Zea mays) are economically important
crops with distinct nutrient requirements and
sensitivities to soil conditions. Their optimal growth is
heavily dependent on the availability and balance of
nutrients such as nitrogen (N), phosphorus (P), and
potassium (K), as well as micronutrients like iron (Fe)
and zinc (Zn), all of which are delivered through the soil
solution.

This paper examines how the properties of the soil
solution—such as nutrient concentration, pH level,
electrical conductivity, and presence of toxic ions—
impact the growth and productivity of strawberry,
potato, and maize. By understanding the interactions
between plants and the soil solution, farmers and
agronomists can make informed decisions to improve
fertilization methods, irrigation practices, and
sustainable crop management strategies.

METHODOLOGY

This study was conducted to assess the influence of soil
solution properties on the growth and development of
strawberry, potato, and maize plants. Acombination of
field experiments and laboratory analyses was used to
evaluate the chemical composition of the soil solution
and its effects on plant performance. Field plots were
established in a randomized complete block design
(RCBD) with three replications for each crop. Each plot
was managed under standard agronomic practices,
and variables such as irrigation, fertilization, and pest
control were uniformly applied.

Soil Sampling and Soil Solution Extraction:

Soil samples were collected at various growth stages of
each crop (vegetative, flowering, and fruiting/maturity
stages). The soil solution was extracted using the
suction lysimeter method to obtain uncontaminated
samples.

Laboratory Analysis:

The collected soil solutions were analyzed for key
parameters, including: Macronutrients: Nitrate (NOs™),
phosphate (PO437), and potassium (K*) levels.
Micronutrients: Iron (Fe), zinc (Zn), and manganese
(Mn) concentrations. Physicochemical properties: pH,
electrical conductivity (EC), and total dissolved solids.
Plant height, leaf area, chlorophyll content, root
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length, and biomass accumulation were recorded at
regular intervals. At harvest, yield components such as
fruit weight (strawberry), tuber size (potato), and grain
yield (maize) were measured. The data were statistically
analyzed using ANOVA to determine the significance of
differences between treatments. Correlation and
regression analyses were also conducted to explore
relationships between soil solution characteristics and
plant growth indicators. This study was designed to
investigate the role of soil solution in the growth and
development of three key crop species: strawberry
(Fragaria x ananassa), potato (Solanum tuberosum), and
maize (Zea mays). A combination of field experiments,
controlled environment studies, and laboratory
analyses were employed to ensure the reliability and
comprehensiveness of the results. The research was
conducted at an experimental agricultural research
station with sandy loam soil, which is representative of
typical crop production areas. Prior to planting,
composite soil samples were collected from the top 0-—
30 cm layer and analyzed for baseline parameters such
as texture, organic matter content, cation exchange
capacity (CEC), initial nutrient status, and microbial
activity.2. Crop Establishment and Management. Plot
Design: A Randomized Complete Block Design (RCBD)
was used with three replications for each crop. Planting:
Certified seeds (maize and potato) and healthy
strawberry seedlings were planted at recommended
spacing and density. Irrigation and Fertilization: Crops
were irrigated with drip systems to allow control over
water input and soil moisture. A balanced fertilization
program based on soil test recommendations was
followed, and nutrient applications were tracked
precisely.3. Soil Solution Sampling and Analysis.
Sampling Technique: Soil solution was extracted using
suction lysimeters placed at root-zone depth (15-30 cm)
to capture nutrient availability throughout the active
growth period. Sampling Times: Samples were collected
at three key growth stages: Early vegetative
stag.Flowering or tuber initiation stage
Harvest/maturity stage. Chemical Analysis:
Macronutrients: N (NOs~, NH4*), P (HPO;7), K.
Secondary & Micronutrients: Ca%*, Mg?*, S*7, Fe**, Mn?*,
Zn?*, Cu?*. Soil Chemistry: pH, EC (electrical
conductivity), total dissolved solids (TDS), and redox
potential.  Analytical methods included ion
chromatography, atomic absorption spectroscopy
(AAS), and colorimetric analysis. 4. Plant Growth
Monitoring. Morphological Measurements: Regular
monitoring was conducted to measure: Plant height.
Leaf number and surface area. Root length and mass.
Chlorophyll content (SPAD readings). Physiological
Indicators: Photosynthetic rate (using a portable
photosynthesis meter). Stomatal conductance and

transpiration. Biomass and Yield: Fresh and dry biomass
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at flowering and harvest. Strawberry: fruit weight,
sugar content (Brix), and number of fruits per plant.
Potato: number and size of tubers per plant. Maize:
cob size, grain weight, and 1000-grain weight 5.
Statistical Analysis. Software Used: Data were analyzed
using SPSS and R software. Tests Applied: ANOVA
(analysis of variance) was used to determine significant
differences among treatments. Post-Hoc Analysis:
Tukey’s HSD test was used for mean separation when
needed. Regression and Correlation: Statistical
modeling was applied to identify relationships
between soil solution parameters (e.g., nitrate level,
pH) and plant growth indicators (e.g., biomass, yield).
6. Environmental Monitoring. Soil temperature, air
temperature, and relative humidity were recorded
regularly using automated weather sensors installed at
the research site. These factors were considered in the
final data interpretation to account for environmental
variability.

Research Area. This study falls within the
interdisciplinary field of Soil Science and Plant
Physiology, with particular emphasis on the following
research areas: 1. Soil Chemistry and Fertility.
Investigating the chemical composition of the soil
solution and how it influences nutrient solubility and
bioavailability. Studying the interaction between soil
pH, cation exchange capacity, and nutrient mobility in
different soil types used for strawberry, potato, and
maize cultivation. 2. Plant Nutrition. Understanding
the specific nutrient requirements of strawberries,
potatoes, and maize at various growth stages.
Examining how the nutrient profile of the soil solution
affects root uptake, translocation, and utilization of
essential elements. 3. Soil-Plant Interactions.
Exploring the dynamic relationship between root
systems and the surrounding soil solution
environment. Analyzing how plant roots modify the
soil solution through exudates and how this affects
nutrient cycling and microbial activity. 4. Agronomic
Practices and Soil Management. Evaluating the effects
of different fertilization techniques (e.g., fertigation,
controlled-release fertilizers) on soil solution quality
and crop performance. Studying the impact of
irrigation regimes and soil amendments on soil
solution  composition and crop health. 5.
Environmental Sustainability. Assessing nutrient
leaching, soil acidification, and salinity risks related to
soil solution imbalance. Developing sustainable soil
management practices that optimize soil solution
health and minimize environmental degradation.

The State of Soil Chemical Pollution.
1. Introduction

Soil chemical pollution is a growing global concern that
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directly threatens agricultural productivity, food safety,
and environmental health. It involves the accumulation
of harmful substances—such as heavy metals,
pesticides, industrial chemicals, excess fertilizers, and
acidifying compounds—in the soil matrix and soil
solution. These pollutants can impair soil functions,
reduce plant growth, and contaminate crops like
strawberries, potatoes, and maize, which are sensitive
to changes in soil chemistry. 2. Major Sources of Soil
Chemical Pollutiona. Agricultural Activities. Excessive
Fertilizer Use: Over-application of nitrogen (N) and
phosphorus (P) fertilizers can lead to nutrient
imbalances and leaching, especially nitrates, into
groundwater and surface water systems. Pesticides and
Herbicides: Persistent chemical residues can alter
microbial activity and accumulate in the soil solution,
harming sensitive crops and beneficial organisms. b.
Industrial and Urban Waste. Heavy Metals: Lead (Pb),
cadmium (Cd), arsenic (As), and mercury (Hg) often
originate from mining, smelting, and wastewater
irrigation. Organic Pollutants: Petroleum hydrocarbons,
PCBs, and other organic toxins can contaminate
agricultural land near industrial zones. c. Atmospheric
Deposition. Pollutants like sulfur dioxide and nitrogen
oxides from fossil fuel combustion settle into soils
through acid rain, altering soil pH and affecting nutrient
availability. 3. Impacts on Soil Health and Crop Growth.
Soil Acidification: Overuse of ammonium-based
fertilizers lowers pH, reducing the availability of
essential nutrients like calcium and magnesium, while
increasing aluminum toxicity. Nutrient Imbalance:
Polluted soils often show nutrient antagonism, where
excess of one nutrient (e.g., phosphorus) limits the
uptake of others (e.g., zinc, iron). Toxic Accumulation in
Crops: Strawberries are prone to absorbing heavy
metals due to their shallow root systems. Potatoes may
accumulate contaminants in tubers, directly affecting
food safety. Maize grown on polluted soil may exhibit
stunted growth and reduced vyields. 4. Global and
Regional Trends Developing Countries: Poor regulation
and rapid agricultural intensification have led to
widespread chemical pollution in soil, especially in
South Asia, Sub-Saharan Africa, and parts of Latin
America.Developed Nations: Though regulation is
stricter, legacy pollution from historical industrial
activity still impacts soil in parts of Europe and North
America. 5. Monitoring and Remediation.Monitoring
Techniques: Soil testing, soil solution analysis, and GIS-
based pollution mapping are essential for identifying
contamination hotspots. Remediation Strategies:
Phytoremediation: Using plants to extract or stabilize
pollutants.Soil Washing: Removing contaminants from
soil using chemical or physical methods. Amendments:
Adding biochar, lime, or organic matter to immobilize

toxins and restore pH balance. 6. Conclusion.The state
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of soil chemical pollution poses a serious threat to
agricultural sustainability and food security. Effective
monitoring, sustainable land management, and
pollution control are critical to preserving soil health,

especially in the

cultivation of sensitive

and

economically important crops like strawberries,
potatoes, and maize. Addressing this issue is essential
for maintaining the integrity of the soil solution and
ensuring long-term crop productivity.

Regional Statistics on Soil Pollution by Heavy Metals
(Based on global research literature, simulated for academic illustration)

Key % of Sall
Region Pollutants Affected Notable Hotspots
China’s Hunan Province, industrial
East Asia Cd, Pb, As 35-45% zones
Northern India, Bangladesh brick
South Asia Pb, Cr, Hg 25-30% Kilns
Cu, Zn, Pb, Uzbekistan (Angren, Almalyk),
Central Asia Cd 30—40% Kazakhstan
Sub-Saharan
Africa Pb, As, Hg 15-20% Mining areas in Ghana, Nigeria
Romania, Ukraine (post-Soviet
Eastern Europe | Cr, Cu, Pb 20-35% industrial sites)
Brazil (Amazon mining), Peru,
Latin America Hg, As, Cd 10-25% Bolivia
Germany, UK (historic industrial
Western Europe | Pb, Zn, Cu 10-20% sites)
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CONCLUSION and accumulation of heavy metals—can severely

The soil solution plays a crucial role in the growth and
development of strawberry, potato, and maize plants
by serving as the primary medium through which
essential nutrients and water are delivered to roots.
The chemical composition, pH, and moisture status of
the soil solution directly influence nutrient availability,
root health, and overall crop productivity. However,
soil chemical pollution—including heavy metals,
pesticide residues, and nutrient imbalances—poses
significant risks to soil health and crop quality.
Pollutants can disrupt nutrient uptake, reduce vyield,
and contaminate edible plant parts, threatening food
safety. Effective management of soil solution quality
through balanced fertilization, proper irrigation, soil
pH regulation, and pollution control is essential to
sustain the productivity of these important crops.
Continuous monitoring and remediation efforts are
critical to address soil chemical pollution and ensure
long-term agricultural sustainability. The soil solution
is fundamental to the growth and development of
strawberry, potato, and maize plants, as it serves as
the primary medium for the transport of water and
essential nutrients to plant roots. The chemical
composition, pH balance, and moisture content of the
soil solution directly influence nutrient availability,
root health, and overall crop productivity. Each crop
has specific nutrient requirements and preferred soil
conditions, making the management of soil solution
quality critical for maximizing yield and quality.
Chemical imbalances or pollution in the soil solution—
such as acidification, excess or deficiency of nutrients,
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disrupt nutrient uptake by plants. This can lead to
reduced growth, lower vyields, and contamination of
edible plant parts, posing risks to food safety and human
health. Strawberries, with their shallow root systems,
are particularly vulnerable to nutrient deficiencies and
toxicities. Potatoes are sensitive to heavy metals and
soil salinity, while maize’s high nutrient demand makes
it especially susceptible to nutrient imbalances.
Therefore, effective management of the soil solution
through balanced fertilization, precise irrigation, pH
regulation, and pollution prevention is essential for
sustainable crop production. Regular monitoring of soil
and soil solution parameters allows early detection of
nutrient imbalances and pollution, facilitating timely
interventions. Furthermore, remediation techniques
such as phytoremediation and soil amendments can
help restore contaminated soils and maintain soil
health. In summary, understanding and managing the
soil solution is key to improving the productivity and
quality of strawberries, potatoes, and maize, while also
protecting environmental health. Sustainable soil
management practices that preserve the integrity of the
soil solution will contribute significantly to food security
and long-term agricultural sustainability.

REFERENCES

Alloway, B. J. (2013). Heavy Metals in Soils: Trace Metals
and Metalloids in Soils and their Bioavailability.
Springer.

Kabata-Pendias, A. (2011). Trace Elements in Soils and
Plants. CRC Press.

63 https://eipublication.com/index.php/eijp



European International Journal of Pedagogics

Raskin, I, Smith, R. D. & Salt, D. E. (1997).
Phytoremediation of metals: using plants to remove
pollutants from the environment. Current Opinion in
Biotechnology, 8(2), 221-226.

Mirzayeva, L. (2020). The impact of heavy metals on
plant growth and development. Journal of
Environmental Science and Technology.

Sidikov S., Ermatova M. Changes in the chemical
composition and concentration of the soil solution of
irrigated automorphic soils depending on the agro
background and the period of the year. EES) (East
European Scientific Journal) 7 (47), 2019 part 3.
Sidigov S., Ermatova M., Abdushukurova Z., Ergasheva
0., Mahkamova D., Tashmetova N. Degree of
humification of cotton, alfalfa and ephemers organs,
their effect on the content and composition of soil
organic matter. Plant Cell Biotechnology and
Molecular Biology. 2020 -P. 94-102.

Sidikov S., Ermatova M., Tashmetova N. Optimization
of the chemical composition and concentration of soil
solution of soils of desert zone for nutrition of plants.
Scopus-Pal Arch's Journal of Archaeology of Egypt/
Egyptology, 2020. -P. 14247-14265.

Sidikov S., Ermatova M., Abdushukurova Z. Method For
Optimization Of Composition And Concentration Of
Soil Solution Of Irrigated Soils For Nutrition Of Plants.
Solid State Technology (Volume: 63 Issue: 4 Publication
Year: 2020). -P. 5162-5179.

Ermatova M., Sidikov S. The influence of fertilizers on
the chemical composition and concentration of soil
solution in irrigated soils. Vol. 13 No. 11 (2024):
INTERNATIONAL JOURNAL OF SOCIAL SCIENCE &
INTERDISCIPLINARY RESEARCH / ISSN: 2277-3630
Impact Factor: 8.036, 13(11), 60—66.

Smagin A.V. Theory and methods for assessing the
physical state of soils // Soil Science, No. 3, 2003, - P.
328-341.

Snakin V.V. Analysis of the composition of the aqueous
phase of soils. M.: Nauka, 1989, 118 p.

European International Journal of Pedagogics

64

https://eipublication.com/index.php/eijp


https://www.gejournal.net/index.php/IJSSIR/issue/view/697
https://www.gejournal.net/index.php/IJSSIR/issue/view/697
https://www.gejournal.net/index.php/IJSSIR/issue/view/697
https://www.gejournal.net/index.php/IJSSIR/issue/view/697
https://www.gejournal.net/index.php/IJSSIR/issue/view/697
https://www.gejournal.net/index.php/IJSSIR/issue/view/697

