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Abstract 
Bioherbicides have emerged as an innovative and eco-
friendly solution for weed management, offering an 
alternative to conventional chemical herbicides. 
Derived from natural sources such as microorganisms, 
plant extracts, and allelochemicals, bioherbicides 
target specific weeds while minimizing the 
environmental impact and reducing harm to non-
target organisms. The development and application of 
bioherbicides have gained significant attention in 
recent years due to the increasing concerns over the 
harmful effects of synthetic herbicides on human 
health and the environment. These natural agents 
work through various mechanisms such as pathogenic 
infection, allelopathy, and competition for resources. 
With the ongoing advancements in biotechnology, the 
potential for bioherbicides to revolutionize weed 
control strategies is vast. Despite challenges like 
inconsistent effectiveness, regulatory issues, and 
production costs, bioherbicides offer a promising 
avenue for sustainable agriculture. This article 
explores the types of bioherbicides, their mechanisms 
of action, and their applications in agriculture-
integrated weed management systems. 

Introduction 

Weed control is a critical component of 
modern agriculture, affecting crop productivity and 
the overall sustainability of farming systems. 
Traditionally, chemical herbicides have been used 
extensively to manage weed populations, but their 
overuse has led to serious environmental concerns, 
including soil degradation, water contamination, and 
the development of herbicide-resistant weed species. 
As the agricultural sector increasingly shifts towards 
more sustainable practices, bioherbicides have 
emerged as a potential alternative to chemical 
herbicides (Islam et al., 2024). 

Bioherbicides are derived from natural 
sources, including microorganisms, plants, and other 
natural products, and are used to control weed growth 
without the harmful side effects associated with 
synthetic chemicals. These bio-based alternatives 
target specific weeds or weed types, reducing the risk 

of environmental damage and promoting 
biodiversity. Bioherbicides are also seen as a eco-
friendly option, offering the potential to reduce the 
reliance on chemical pesticides and fertilizers, which 
can have long-term adverse effects on ecosystems. 

The development and use of bioherbicides 
have gained significant attention in recent years, 
particularly as part of integrated weed management 

strategies in sustainable farming systems. With the 
growing concern over climate change and 
environmental conservation, bioherbicides represent a 
viable solution to minimize the ecological impact of 

conventional herbicides while promoting healthier 
agricultural practices (Soltys et al., 2013). 

Types of bioherbicides 

1. Microbial-based bioherbicides 

Microbial bioherbicides are among the most 
commonly used bioherbicides and include bacterial, 
fungal, and algal formulations. These microorganisms 

work by producing enzymes, toxins, or other 
secondary metabolites that inhibit weed growth or 
cause disease in the target plants. For instance, Phoma 

macrostoma and Colletotrichum gloeosporioides are 
fungal species that have been studied for their 
effectiveness in controlling specific weed species. 

2. Plant-derived bioherbicides 

Plant-based bioherbicides are made from 
extracts of plants that have allelopathic properties, 
meaning they release chemicals that inhibit the 

germination or growth of other plants. Examples 
include extracts from plants like Eucalyptus and Garlic 

that have shown herbicidal activity. These compounds 

can be formulated into products for direct application 
to control weeds in a non-toxic and biodegradable 
manner. 

3. Natural product-based bioherbicides 

These bioherbicides are derived from natural 
sources other than plants or microbes, including 
compounds like essential oils, fatty acids, and 

alkaloids. For instance, acetic acid (vinegar) has been 
shown to have herbicidal properties, and its natural 
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composition makes it a promising candidate for use in 

organic farming systems. 

4. Allelopathic bioherbicides 

Allelopathy refers to the chemical inhibition of 
one plant species by another. Certain crops and plants 
produce allelopathic compounds that can suppress 
the growth of surrounding weeds. These natural 
compounds can be isolated and used as bioherbicidal 
agents, offering a sustainable alternative to chemical 
weed control. 

Mode of action of bioherbicides 

The effectiveness of bioherbicides lies in their 
unique modes of action, which allow them to 
selectively target weeds without harming crops or 
other beneficial organisms. The mode of action refers 
to the mechanism by which bioherbicides affect the 
growth, development, or survival of weeds. 
Bioherbicides utilize a variety of biological processes 
to control weeds, including physical, chemical, and 
biological interactions. Below are the main modes of 
action through which bioherbicides exert their effects 
(Radhakrishnan et al., 2018) 

1. Inhibition of germination and seedling growth 

One of the primary mechanisms of 
bioherbicides is the inhibition of weed seed 
germination or seedling development. This is 
particularly true for plant-derived bioherbicides, 
which release allelopathic chemicals that interfere 
with the germination of weed seeds. These 
compounds can affect processes like cell division and 
elongation in the early stages of growth. For example, 
extracts from Eucalyptus or Garlic have been shown to 
release substances that inhibit root and shoot 
formation in weeds. Additionally, microbial 
bioherbicides such as Fusarium spp. and Pythium spp. 
produce enzymes that block the germination process 
by breaking down cell wall components in weed 
seeds. 

2. Pathogenicity and disease induction 

Microbial bioherbicides, including fungi, 
bacteria, and viruses, often work by infecting and 
causing diseases in weeds. These pathogens invade 
the plant tissues and produce toxins or enzymes that 
break down cellular structures, leading to plant death. 
For example, the fungal species Colletotrichum 
gloeosporioides infects specific weeds by penetrating 
the plant cells and causing necrosis and decay. 

Similarly, certain strains of bacteria like Pseudomonas 
spp. produce biotoxins that target weed plants, 
affecting their metabolism and leading to tissue 
damage and death. This mode of action is highly 
specific to the targeted weed species and generally 
does not affect other plants or animals, making it an 
environmentally safe alternative to synthetic 
herbicides. 

3. Toxin production 

Some microorganisms used in bioherbicides 
release secondary metabolites, such as toxins, which 
directly harm weed plants. For instance, bacteria like 
Xanthomonas spp. and Pseudomonas spp. produce 
toxins that disrupt metabolic processes in weeds, 
leading to chlorosis, wilting, and eventual death. 
These toxins can interfere with key processes like 
photosynthesis, nutrient uptake, and cell division. 
Microbial bioherbicides that produce such toxins are 
particularly effective against specific weeds, offering a 
targeted approach to weed control. 

4. Competition for resources 

In some cases, bioherbicides exert their effects 
by outcompeting weeds for essential resources such as 
water, nutrients, and space. This is especially evident 
in the use of beneficial microbes that thrive in the same 
soil environment as weeds. By colonizing the root 
zone of weeds, these beneficial microorganisms can 
create a hostile environment for weed growth. This 
mechanism is often seen in bioherbicides that involve 
soil microbes like Trichoderma spp. or Bacillus spp., 
which not only promote the growth of crops but also 
limit weed growth through competitive exclusion. The 
microorganisms form a protective biofilm around 
plant roots, preventing weeds from establishing 
themselves and accessing nutrients. 

5. Inhibition of photosynthesis 

Some bioherbicides, especially those derived 
from natural plant extracts, affect photosynthetic 
processes in weeds. These compounds can block 
chlorophyll production or disrupt the photosynthesis 
pathway, leading to reduced energy production 
within the plant. As a result, the weed becomes 
stressed and eventually dies due to a lack of energy 
required for growth. Natural compounds such as 
allelochemicals produced by plants like Leucaena and 
Cinnamon can interfere with the light-harvesting 
complex, thus impairing photosynthesis in target 
weeds. 
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6. Induction of oxidative stress 

Another mode of action of bioherbicides 
involves the induction of oxidative stress within weed 
plants. This occurs when reactive oxygen species 
(ROS), such as free radicals and peroxides, accumulate 
in plant tissues, leading to cellular damage and plant 
death. Bioherbicides such as certain fungal pathogens 
or plant extracts can trigger the overproduction of 
ROS, causing oxidative damage to cell membranes, 
proteins, and DNA. This stress response leads to rapid 
cell death, thus effectively controlling weed growth. 

7. Disruption of hormonal regulation 

Some bioherbicides work by disrupting the 
hormonal balance within weeds. Plant hormones like 
auxins, cytokinins, and gibberellins regulate various 
growth processes, and disrupting this balance can lead 
to abnormal growth or death of the weed. Microbial 
bioherbicides, such as those produced by Bacillus 
thuringiensis, can release substances that mimic or 

interfere with plant hormones, leading to stunted 
growth, distorted tissue development, or premature 
flowering. This method is often used in bioherbicides 
that target specific weed life stages, such as seedling 
or vegetative growth. 

8. Allelopathy 

Allelopathy refers to the release of chemicals 
by one plant species that inhibit the growth of 
neighbouring plants. Some bioherbicides are 
formulated from plants known to have strong 
allelopathic properties, like Garlic, Black Walnut, or 
Cinnamon. These plants produce compounds that 
either leach into the soil or vaporize into the 
atmosphere, preventing the germination or growth of 
nearby weeds. These allelopathic substances can 
target various biological processes in the weed, 
including cell division, protein synthesis, and nutrient 
uptake (Hasan et al., 2021). 

 

Table 1: Commercially available bioherbicides and their active ingredients with target weed 

Commercial 
Product Name 

Active 
Ingredient 

Target Weeds Type of Bioherbicide 

Collego® Colletotrichum 
gloeosporioides 

Broadleaf weeds (e.g., Ageratum, Mikania) Fungal-based 

Devine® Sclerotinia 
sclerotiorum 

Broadleaf weeds (e.g., Ragweed, Pigweed) Fungal-based 

Clearout® Phoma 
macrostoma 

Grass and broadleaf weeds Fungal-based 

Weed-STOP™ Pseudomonas 
fluorescens 

Sorghum, Sedge, Cypress Bacterial-based 

Vinegar® Weed 
Killer 

Acetic acid Annual weeds (e.g., Crabgrass, Dandelions) Plant-derived (acidic 
solution) 

Mycoherbicide™ Fusarium 
oxysporum 

Annual and perennial weeds Fungal-based 

Eco-clear® Pythium spp. Annual and perennial broadleaf weeds Fungal-based 

WDC 
Bioherbicide 

Cinnamomum 
spp. 
(Cinnamon) 

Broadleaf weeds, particularly Bindweed Plant-derived (Essential 
oils) 

Garlon® 4 Triclopyr Woody plants and broadleaf weeds Synthetic (used with bio-
based methods) 

Might® Phoma 
macrostoma 

Grasses and broadleaf weeds Fungal-based 

Source: Table Adapted from Roberts et al., (2022)

Advanced applications in agriculture 

1. Weed management in organic Farming   

One of the primary applications of 
bioherbicides is in organic farming, where the use of 

synthetic chemicals is restricted. Bioherbicides 
provide a means of effective weed control that aligns 
with organic certification standards. Microbial-based 
bioherbicides, in particular, are often used to target 
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specific weed species without harming crops or non-
target organisms. 

2. Integrated weed management (IWM) 

Bioherbicides play a critical role in integrated 
weed management, which combines cultural, 
mechanical, chemical, and biological methods to 
control weeds. By incorporating bioherbicides into 
IWM strategies, farmers can reduce their reliance on 
synthetic herbicides and improve the long-term 
sustainability of their farming systems. 

3. Control of invasive weed species 

Bioherbicides are particularly effective against 
invasive weed species that threaten native ecosystems 
and agricultural productivity. For example, the 
application of Colletotrichum spp. against Cuscuta 
(dodder) or Ageratum conyzoides has been explored as 
a biological control strategy to manage these 
aggressive weeds. 

4. Prevention of herbicide resistance 

One of the challenges with chemical herbicides 
is the development of resistance by weeds over time. 
Bioherbicides, by contrast, often work through 
multiple modes of action, making it more difficult for 
weeds to develop resistance. By rotating bioherbicides 
with traditional chemical herbicides, farmers can 
reduce the likelihood of resistance and preserve the 
effectiveness of their weed control methods. 

Conclusion 

Bioherbicides represent a promising and 
environmentally friendly alternative to chemical 
herbicides, offering sustainable solutions for weed 
management in agriculture. These natural or 
biologically derived substances, which include 
microbial-based agents and plant-derived 
compounds, not only help control weed growth but 
also reduce the negative environmental impacts 
associated with synthetic herbicides. By targeting 
specific weed species and working through 
mechanisms like pathogen-induced disease, 

allelopathy, or direct chemical inhibition, 
bioherbicides present diverse and effective strategies. 
With the growing demand for sustainable agricultural 
practices, bioherbicides are gaining attention for their 
role in integrated pest management systems. 
However, challenges such as variable effectiveness, 
regulatory hurdles, and the need for further research 
remain. Despite these, bioherbicides hold great 
potential in reducing dependence on chemical 
herbicides, promoting soil health, and supporting 
biodiversity. As research and development continue 
to advance, the future of bioherbicides in agriculture 
looks promising, contributing to more sustainable and 
eco-friendly farming practices. 
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