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Abstract

Herbicides play a critical role in modern agricultural systems by controlling
weed populations that compete with crops for nutrients, water, sunlight, and soil
resources. The increasing demand for high agricultural productivity, combined with
limited arable land and climatic stress, has intensified the need for efficient and
environmentally compatible herbicide technologies. This article presents a
comprehensive scientific overview of the production technology of herbicides used
against weeds in agriculture. It discusses the classification of herbicides, raw materials,
synthesis processes, formulation technologies, production equipment, quality control
methods, environmental considerations, and future developments in sustainable weed
management. Particular attention is devoted to modern manufacturing technologies,
including selective herbicide synthesis, nano formulations, biodegradable carriers, and
controlled-release systems. The article also examines challenges associated with
herbicide resistance, environmental contamination, and regulatory standards in
industrial herbicide production.

1. Introduction

Weeds are among the most significant biological threats affecting agricultural
productivity worldwide. They reduce crop yield through competition for essential
growth resources and may also serve as hosts for pests and plant pathogens. According
to agricultural studies, uncontrolled weed growth can reduce crop yields by 30-70%

depending on crop species, climatic conditions, and weed density.
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The development of herbicides revolutionized agricultural production during the
twentieth century. Herbicides are chemical substances specifically designed to inhibit
or destroy unwanted plants without causing significant damage to cultivated crops.
Their industrial production combines principles of organic chemistry, chemical
engineering, biotechnology, toxicology, and environmental science.

The growing global population has increased pressure on food production
systems, requiring more efficient weed management technologies. Modern herbicide
production technologies focus not only on weed elimination efficiency but also on
minimizing environmental toxicity, improving biodegradability, reducing soil
persistence, and preventing herbicide resistance.

This article provides an extensive scientific analysis of technologies used in
herbicide production for agricultural applications.

2. Classification of Herbicides

Herbicides can be classified according to several criteria including selectivity,
mode of action, application method, and chemical composition.

2.1 Classification According to Selectivity

Selective Herbicides

Selective herbicides affect specific weed species while leaving crops relatively
unharmed. These herbicides are widely used in cereal, rice, soybean, and maize
cultivation.

Examples include:

. Atrazine

. 2,4-Dichlorophenoxyacetic acid (2,4-D)

. Dicamba

Non-Selective Herbicides

Non-selective herbicides destroy most vegetation upon contact. They are
commonly used in industrial lands, roadways, and pre-plant field preparation.

Examples include:

. Glyphosate

. Paraquat
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Glufosinate

2.2 Classification According to Mode of Action

Herbicides interfere with various physiological and biochemical pathways in

plants.

Major categories include:

Photosynthesis inhibitors
Amino acid synthesis inhibitors
Lipid synthesis inhibitors

Cell division inhibitors

Growth regulators

Pigment synthesis inhibitors

One of the most important groups is the EPSPS enzyme inhibitors such as

glyphosate, which block aromatic amino acid synthesis.

3. Raw Materials Used in Herbicide Production

The production of herbicides requires high-purity chemical intermediates and

active compounds.

3.1 Organic Chemical Precursors

Important raw materials include:

Benzene derivatives
Chlorinated hydrocarbons
Amines

Alcohols

Phosphorus compounds

Carboxylic acids

These substances serve as starting materials for synthesizing active herbicidal

molecules.

3.2 Catalysts and Reagents

Catalysts improve reaction efficiency and selectivity during industrial synthesis.

Common catalysts include:

Aluminum chloride
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. Sulfuric acid

. Palladium catalysts

. Nickel catalysts

Additional reagents may include oxidizing agents, reducing agents, and
chlorinating compounds.

4. Industrial Technology for Herbicide Synthesis

The industrial synthesis of herbicides involves several stages including reaction
design, intermediate purification, formulation, stabilization, and packaging.

4.1 Chemical Synthesis Processes

Chlorination Reactions

Chlorination is frequently used to produce chlorophenoxy herbicides. Controlled
chlorination conditions are essential to achieve high selectivity and minimize toxic by-
products.

Phosphonomethylation

Glyphosate production involves phosphonomethylation reactions between
glycine derivatives and phosphorus-containing compounds.

The simplified synthesis pathway can be represented as:

NH2CH2COOH+CH20+H3PO3—Glyphosate\mathrm{NH 2CH 2COOH +
CH 20 + H 3PO_3 \rightarrow Glyphosate}NH2CH2COOH+CH20+H3PO3
—Glyphosate

This process requires controlled temperature, pH regulation, and purification
stages.

4.2 Reaction Parameters

Industrial herbicide production depends strongly on reaction conditions.

Critical parameters include:

. Temperature control

. Pressure regulation

. Reaction time

. Catalyst concentration
. Solvent composition
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. Mixing efficiency

Continuous-flow reactors are increasingly preferred because they improve safety
and production efficiency.

5. Conclusion

The technology for the production of herbicides against weeds in agriculture
represents a highly advanced interdisciplinary field combining chemistry, engineering,
toxicology, and environmental science. Modern herbicide manufacturing technologies
enable efficient weed management and contribute significantly to global food
production systems. However, environmental risks, resistance development, and
sustainability concerns require continuous technological innovation.

Future progress in herbicide production will depend on environmentally friendly
synthesis methods, biodegradable formulations, precision application technologies,
and integrated weed management systems. Scientific research and industrial
modernization will remain essential for balancing agricultural productivity with
ecological safety.
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