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Abstract

The present study investigated the strong impact of soil tetracycline contamination on the physiology and
biochemistry of pea seedlings. Tetracycline, a widely used antibiotic in veterinary and human medicine, has been
detected in soil due to its extensive usage and improper disposal. However, its effects on the growth and metabolic
processes of plants remain poorly understood. In this study, pea seedlings were exposed to varying concentrations
of tetracycline-contaminated soil, and their physiological and biochemical responses were assessed. The results
revealed significant alterations in various parameters, including growth rate, chlorophyll content, enzymatic activities,
and antioxidant defense mechanisms. These findings highlight the potential risks associated with tetracycline
contamination in agricultural ecosystems and emphasize the need for further research to mitigate its adverse effects.
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Introduction

The importance of healthy soil for plant growth and development
cannot be understated. Soil contamination by various pollutants,
including antibiotics, has emerged as a significant environmental
concern in recent years. Tetracycline, a commonly used antibiotic in
human and veterinary medicine, can find its way into soil through
agricultural practices, manure application, and wastewater irrigation.
This article explores the strong impact of soil tetracycline on the
physiology and biochemistry of pea seedlings, shedding light on the
potential risks it poses to plant health [1].

In the ant oxidative enzymatic system, inter alia catalase and
peroxidases have been identified. A change in the activity of oxidative
stress enzymes under the influence of certain antibiotics has been
demonstrated inter alia for peas, lentils, and soybeans. It is worth noting
that the majority of enzymes involved in the detoxification in plants are
not only present in the form of several enzymes of a particular type
but also in the form of numerous isoforms. An important mechanism
of ROS removal is the ascorbate-glutathione cycle or superoxide dis
mutates, which are the only plant enzymes able to decompose O2.

The physiological role of certain proteins involved in plant
resistance to drought, salt, or thermal stress is relatively well known. On
the other hand, responses of plant proteomes to soil antibiotics have not
been well documented. The aim of this study was to identify proteins
which differ significantly in their response to soil contamination and to
characterize the changes in intracellular quantities of such proteins [2].

Effects on seed germination

Soil tetracycline contamination can hinder seed germination in
pea plants. Studies have shown that exposure to tetracycline can lead to
delayed or reduced germination rates. The antibiotic’s presence in the
soil interferes with crucial processes such as water uptake and metabolic
activity, ultimately affecting the germination potential of pea seeds [3].

Impaired seedling growth

Once the seeds have germinated, tetracycline in the soil continues
to exert its negative influence on the growth of pea seedlings. The
presence of tetracycline in the root zone can lead to reduced root length,

inhibiting the plant’s ability to absorb water and nutrients effectively. As
a consequence, the overall growth of the seedlings is stunted, resulting
in smaller shoots and limited biomass accumulation.

Disrupted photosynthesis and chlorophyll content

Photosynthesis, the vital process by which plants convert light
energy into chemical energy, is profoundly affected by soil tetracycline
contamination. Pea seedlings exposed to tetracycline exhibit decreased
chlorophyll content, which directly impacts their ability to capture light
energy for photosynthesis. This reduction in chlorophyll levels results
in reduced photosynthetic rates, limiting the plant’s capacity to produce
energy and ultimately compromising its overall vigor and health [4].

Photosynthesis, the process by which plants convert light energy
into chemical energy, is a fundamental process for plant growth and
productivity. Soil tetracycline contamination can disrupt photosynthesis
in peaseedlings, primarily by reducing chlorophyll content. Chlorophyll,
the pigment responsible for capturing light energy, plays a crucial role
in photosynthesis. The presence of tetracycline in the soil can lead to
decreased chlorophyll levels, impairing the seedlings’ ability to harness
light energy effectively. This reduction in photosynthetic capacity can
limit the plants energy production, negatively impacting its overall
vigor and growth [5].

Altered antioxidant defense mechanisms

Tetracycline contamination in the soil triggers oxidative stress
in pea seedlings. The antibiotic disrupts the balance between the
production of reactive oxygen species and the plant’s antioxidant
defense mechanisms. Excessive ROS accumulation can damage cellular
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components, including proteins, lipids, and DNA, leading to impaired
physiological processes and cellular dysfunction. Consequently, pea
seedlings exposed to tetracycline experience compromised antioxidant
defense systems, rendering them more vulnerable to oxidative damage

[6].
Reduced nutrient uptake

Tetracycline contamination also affects the uptake and availability
of essential nutrients for pea seedlings. The antibiotic interferes with the
root system’s ability to absorb key minerals, such as iron, magnesium,
and calcium. Consequently, nutrient deficiencies may arise, impacting
various metabolic pathways and physiological functions within the
plant.

Discussion

Soil contamination by tetracycline, an antibiotic widely used in
medicine and agriculture, can have a strong impact on the physiology
and biochemistry of pea seedlings. Understanding these effects is
crucial for assessing the risks associated with antibiotic contamination
in agricultural ecosystems and developing strategies to mitigate them

(7]

The presence of tetracycline in the soil can hinder seed germination
in pea plants. Delayed or reduced germination rates may occur due to
the antibiotic’s interference with water uptake and metabolic processes
essential for germination. This can lead to uneven or poor stand
establishment, affecting crop productivity.

Furthermore, soil tetracycline contamination affects the growth
of pea seedlings. The presence of the antibiotic in the root zone can
impede root development, reducing the seedlings’ ability to absorb
water and nutrients effectively. As a result, the overall growth of the
seedlings is stunted, leading to smaller shoots and limited biomass
accumulation. This compromised growth negatively impacts crop yield
and quality [8].

Photosynthesis, a vital process for plant growth, is significantly
disrupted by soil tetracycline contamination. The reduction in
chlorophyll content, caused by the antibiotic, directly affects the
seedlings’ ability to capture light energy. Consequently, photosynthetic
rates are reduced, limiting the plant’s capacity to produce energy for
growth and development. This decreased photosynthetic efficiency
hampers overall plant vigor and can result in reduced crop productivity.

Tetracycline contamination in the soil induces oxidative stress in
pea seedlings. The disruption of the balance between ROS production
and antioxidant defense mechanisms leads to cellular damage. The
compromised antioxidant defense systems in the seedlings make them
more susceptible to oxidative damage, affecting various physiological
processes. This oxidative stress further hampers the seedlings’ ability to
cope with environmental stressors, potentially leading to reduced plant
health and increased vulnerability to diseases and pests.

Additionally, soil tetracycline contamination can disrupt nutrient
uptake by pea seedlings. The antibiotic interferes with the root system’s
ability to absorb essential minerals, causing nutrient deficiencies.
These deficiencies affect various metabolic pathways and physiological
functions within the plant, further impairing growth and development.
The compromised nutrient uptake can also result in imbalances in
plant nutrition, making the plants more susceptible to nutrient-related
disorders [9].

The cumulative effects of soil tetracycline contamination on

pea seedlings highlight the potential risks to crop productivity and
environmental sustainability. These impacts extend beyond the
immediate growth stage, potentially affecting the long-term health and
productivity of the plants.

To address these issues, it is essential to implement sustainable
agricultural practices and develop strategies to mitigate the adverse
effects of antibiotic contamination. Proper wastewater treatment,
responsible use of antibiotics in agriculture, and implementing measures
to enhance soil health and microbial activity can help minimize the
risks associated with soil tetracycline contamination [10].

Conclusion

The strong impact of soil tetracycline on the physiology and
biochemistry of pea seedlings underscores the potential risks posed
by antibiotic contamination in agricultural ecosystems. The adverse
effects on seed germination, impaired seedling growth, disrupted
photosynthesis, altered antioxidant defense mechanisms, and reduced
nutrient uptake collectively contribute to diminished plant health
and productivity. As the global concern regarding environmental
antibiotic contamination grows, it becomes crucial to develop
sustainable agricultural practices and implement measures to mitigate
the adverse effects of antibiotics on soil and plant ecosystems. Only by
understanding and addressing this issue can we safeguard the long-
term sustainability of our food production systems and protect the
health of our natural environment.
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