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Abstract. This essay explores transitioning from traditional pesticides to bacteriophages as a
sustainable and effective strategy to combat bacterial infections in agriculture. Traditional
methods have severe limitations, including reduced effectiveness and environmental concerns,
making new exploration essential in this day and age when technology and scientific knowledge
are more advanced than ever before. Bacterial diseases like wilt and blight, caused by Ralstonia
solanacearum and Pseudomonas syringae pose significant threats to global crop health, affecting
production on both economic and possibly global levels. Phages offer a promising alternative,
targeting specific bacteria without harming beneficial organisms or the environment. They
reproduce by attaching to their specific target bacteria with a hook at the end of their bodies
specified for the purpose, injecting their DNA into the host, and hijacking it to produce more
phages until the sheer number of phages rips apart its cell wall, resulting in the bacteria’s death
and the birth of new hunters. This specificity and phages’ ability to multiply at infection sites are
based on bacterial density, while their natural occurrence, biodegradability, and ability to evolve
alongside bacterial targets make them the perfect predators. This shift aims to preserve crop
health and environmental safety while maintaining productivity.
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1. Introduction
While considering the change from traditional pesticides to phages, it is crucial to understand the critical
objective both methods seek to fulfill: the development of effective and sustainable strategies to manage
bacterial infections that threaten crop health, where diseases can otherwise devastate entire harvests and
wreak havoc on the food supply chain. Vital for productivity, agricultural wellness is constantly
challenged by a number of bacterial species that, without proper management, can cause damage ranging
from local inconveniences to utter productional failure. Traditional pesticides have been the go-to
solution for managing such infections. Yet, their effectiveness is limited, and overreliance has a number
of negative impacts. Environmental factors, for one, are especially critical, with possible runoff that may
ruin entire ecosystems. The constant risk of evolving bacterial resistance requires constant change,
funds, and possibly an increase in toxicity. Residues have also raised food safety concerns. As mentioned
previously, pesticides attack humans, animals, and bacteria. In a time when biotechnology is more
advanced than ever, it may be time to explore new possibilities.

In this context, phages arise as a promising solution. Viruses that specifically target bacteria it emerge
as a possible alternative, offering precision in the battle against bacterial pathogens. This specificity is
crucial for its minimal impact on non-target species and the environment and its potential to dissipate

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

265



Proceedings of the 2nd International Conference on Environmental Geoscience and Earth Ecology
DOI: 10.54254/2753-8818/37/20240178

the issues of resistance often encountered with traditional pesticides as the war between bacteria and
phages continues for millennials, and both sides constantly evolve in hopes of gaining the upper hand.
The appeal of phages lies in their ability to provide targeted, efficient, and environmentally friendly
solutions to crop protection challenges. Phages only attack certain species of bacteria it was genetically
predetermined to prey upon. Any other species noncompatible to it will not be harmed. This specificity,
compared to the wide range of attacks of traditional pesticides, promises more significant disease
management with minimum collateral damage to the environment and humanity. While the adoption of
phage therapy will require a period of collaboration between scientists and farmers, the result would
leave a permanent footprint in agricultural health.

Adopting phages and multiplying them for infected farmlands would be a tedious and complicated
process requiring repeated testing and failures. Still, this evolution in disease management strategies
demonstrates scientific advancement and a growing recognition of the need to balance agricultural
productivity with ecological scrutiny and public health considerations. Various studies have
demonstrated that its power in preying upon harmful bacteria is unmatched, and by harnessing the power
of biotechnology to develop effective, sustainable, and safe pest management strategies.

This study explores the current common agricultural diseases and analyzes the effective measures to
face them. This paper offers a solution to preserve crops and the environment, ensuring a healthy food
and production supply for future generations.

2. Prevalent agricultural diseases

Bacterial wilt is a prevailing bacterial disease caused by Ralstonia solanacearum. A significant threat to
global agriculture, it affects a wide range of crops including but not limited to bananas, beans, eggplants,
peanuts, peppers, potatoes, tobacco, and tomatoes, with often devastating impacts. While Ralstonia
Solanaceraum cannot cause illness in humans alone, infected vegetables are usually smaller, less
flavorful, and overall lower quality than healthy ones, often obtaining areas of discoloration that make
the product possess an unpalatable appearance, as shown in Fig. 1; the infection has created a black ring
within an unusually pale potato. Severe infection may open the door for secondary bacteria that could
be harmful when consumed to infect the vegetable, causing possible rot. Particularly dangerous due to
its rapid spread, high mortality rate among plants, and treatment challenges, understanding the
development and cause of bacterial wilt is crucial for creating effective cures. Particularly hostile, this
bacteria can infect a plant through its roots via contaminated soil, equipment, or water, often entering
through openings, natural or otherwise. Once inside the host, it rapidly multiplies, producing a
translucent gel-like substance, as demonstrated in the infected plant stem in Fig. 2, that blocks the flow
of water and nutrients through the plant, leading to the wilting symptoms characteristic of the disease
and eventually in the plant’s demise [1].

Figure 1. The insides of a potato infected by bacterial wilt. It is discolored and unappetizing [2].
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Figure 2. The insides of a plant stem are infected by bacterial wilt. A white gel-like substance blocks
the portion for transporting nutrients and water [3].

Its ability to spread quickly within a plant and cause symptoms before visible signs of infection
allows the disease to advance unchecked and make early detection difficult until physical discoloration
begins to show; by then, however, it is already too late. Another factor that demonstrates the risk of
bacterial wilt is its wide range of hosts; Ralstonia Solanacearum can infect over two hundred plant
species across fifty families, many of which are highly popular and economically important, while also
being able to remain in the soil for up to two to three years surviving on plant debris and within different
hosts. Able to remain alive underground even without susceptible crops, Ralstonia poses a constant
threat to future planting while its resilience makes eradicating it from infected fields nearly impossible,
forcing farmers to rely on preventive measures and integrated management strategies that are often
costly and require mass amounts of labor. Moreover, the lack of adequate chemical treatments for
bacterial wilt highlights its danger; unlike some plant diseases that can be controlled with fungicides or
other pesticides, bacterial wilt attacks its host from within, taking over like a parasite and requiring
integrated management approaches that depend on many specific factors requiring ample time and
efforts, often amplified due to the bacteria’s fast spreading rates [4].

The development and successful implementation of functional treatments for combating agricultural
diseases such as bacterial wilt depend on future research and development. Its possible effects extend
far beyond the laboratory, with the impact of bacterial wilt transcending the immediate loss of infected
crops, this infection can lead to massive economic downturns for farmers who face not only reduced
yields and lowered quality of their produce but also hefty management costs, with these financial
burdens worsened by possible trade restrictions in regions afflicted by the disease, in place to prevent
the spread of the infection but which can halt the flow of goods and market accessibility that could lead
to inflating. The economic impact of bacterial wilt can create profound ripple effects throughout local
and national economies, particularly in developing countries, where agriculture is not merely a
profession but the very basis upon which society is built. In such regions, the prevalence of bacterial
wilt poses a severe social and economic threat that could severely impact civilians, where current
solutions, such as soil additives, struggle to address this issue.

Bacterial blight is another hazardous example. A severe infection affects many plants, including
many crucial for our food supply and global manufacturing, like rice, cotton, and beans. Caused by
Pseudomonas syringae, it can lead to symptoms such as leaf discoloration, wilting, and even plant
mortality, with its impact going beyond just agricultural health, with significant consequences for
farmers, the economy, and the environment. Bacterial blight attacks and infects new hosts by entering
plants through small openings, spreading quickly, blocking the water and nutrients transportation
system, making crops look burnt or dry, and severely stunting development. Photosynthesis cannot be
performed well for crops like rice, leading to poor grain development and yield. In cotton plants, the
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disease can ruin both the leaves and the cotton bolls, directly affecting the quality and quantity of cotton
that can be harvested. Such an example can be seen in Fig. 3, where the bud of a cotton plant is shown,
with its exterior turned partially maroon and the cotton inside brown, a stark difference from the
normally white and fluffy appearance of healthy, uninfected ones.

Figure 3. A cotton plant infected by bacterial blight, its naturally white cotton has been turned brown.
Its exterior is a deep red and rotting [5].

Bacterial blight spreads quickly, especially in wet and humid conditions, and is common in many
farming regions worldwide. Disease control can become highly challenging due to these factors.
Similarly to bacterial wilt, pseudomonas syringae can also linger in the soil or on plant debris, posing
a threat to future crops planted in the same fields and making total removal nearly impossible. The
economic impact of bacterial blight can be devastating. Farmers can lose a significant portion of their
crops to the disease, directly affecting their income, which is particularly difficult for small-scale farmers
who rely on their crops as their sole source of income. Furthermore, managing the disease requires
additional investments in resistant seeds, chemicals, and changing farming practices, all adding to the
already hefty cost. Widespread crop loss could lead to shortages, increasing prices and affecting food
supply chains. The battle against bacterial blight also raises environmental concerns, with increased use
of chemical treatments to combat the disease, potentially leading to water and soil pollution. Over time,
bacteria can become resistant to these chemicals, making it even more difficult to combat without using
stronger and potentially more harmful treatments. Moreover, the push towards growing disease-resistant
plant varieties can lead to a decrease in biodiversity. With fewer planted crop varieties, genetic diversity
is more crucial than ever, and a lack of it could make crops more vulnerable to other diseases and pests
in the long run [6, 7].

A pattern can be identified with both these diseases, requiring complex or environmentally unfriendly
tactics to combat bacterial infections that require expensive manual labor to defeat constantly evolving
bacteria that impact some of the world’s most consumed crops, such as rice and potatoes. Continuing
from the challenges posed by bacterial diseases like wilt and blight, bacteriophages, or simply phages,
offer a promising alternative to traditional pesticides. Phages are viruses that specifically attack bacteria,
the latter’s natural predator constantly evolving with their prey, making them a natural choice for
targeting harmful bacteria in agriculture. This possible shift aligns with the objective of modern methods
to manage bacterial infections effectively and sustainably without compromising crop health,
agricultural productivity, or environmental safety.
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3. Possible actions

Phage therapy in agriculture utilizes the specificity of phages to target and eliminate bacteria to its fullest
without affecting beneficial microbes or the plants themselves. This specificity is crucial, reducing the
collateral damage often associated with broad-spectrum chemical pesticides that can harm beneficial
insects, soil health, water quality, and local wildlife. Additionally, phages multiply at the site of infection,
increasing their numbers where they are needed most, much different than chemical pesticides that
diminish in concentration over time and require repeated applications for the best effects. All species of
phages possess specific ‘claws’ that are incompatible with human cells and can be used to attach
themselves to their particular bacterial host, inject their genetic material, and hijack the bacterial cell’s
reproduction machinery to produce more copies of itself, as demonstrated in Fig. 4.

Viral enzyme
induced release

Synthesis of new viral
DNA and protiens,
followed by assembly
into virions

Phage virion

Attachment, injection
of phage DNA, and
degradation of host DNA

Figure 4. A phage’s birth and death cycle, known as the Lytic cycle, involves a parent phage hijacking
a bacteria and forcing it to produce copies of it until the host explodes, birthing new phages [8].

4. Phages
This cycle repeats until the bacterial cell bursts, dying and releasing new phages ready to target
additional prey. This productional nature of phages means that their numbers increase in proportion to
the density of the target bacteria, making them exceptionally effective where bacterial populations are
high. Phages are highly specific and only prey on particular bacterial species, minimalizing unintended
impacts on non-target organisms and preserving biodiversity and beneficial microorganisms in the
ecosystem. Unlike chemical pesticides, phages are naturally occurring and biodegradable, containing
nothing that could harm the environment and leaving no potentially damaging synthetic residues in the
soil or water, reducing environmental pollution and the risk of toxic buildup in ecosystems [9, 10].
Logically speaking, the constantly evolving properties of bacteria can develop resistance to both
phages and antibiotics. However, the evolutionary war between phages and bacteria often leads to
phages evolving new strategies to overcome bacterial defenses, leading to a dynamic of predator and
prey that has persisted for millennials. This relationship can help mitigate the rapid development of
resistance commonly seen with chemical pesticides. In the long term, phage therapy is more cost-
effective than traditional pesticides; they can be multiplied reasonably quickly and at a lower cost than
chemical pesticides, so they can become a cheaper and possibly more practical alternative for farmers.
It is, however, crucial to understand that while phage therapy offers many advantages, there are
challenges to its widespread usage should it be adopted. One of the main issues is the specificity of
phages, which requires precise identification of the bacterial pathogen to select the appropriate phage.
This necessitates diagnostic capabilities that are only readily available in some agricultural settings,
particularly in resource-limited areas.
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Moreover, approval for phage products can be complex and require mass amounts of regulation;
given the utterly new nature of this treatment in agriculture, the development of phage therapy also
requires significant investment in research and development to isolate effective phages, understand their
lifecycle, and determine the best methods for their application in different climates, landscapes, and for
certain crops. Educating farmers and agricultural professionals about the use of phages and integrating
phage therapy into existing pest management systems are crucial steps for its successful implementation
in the future. As the journey to seek sustainable solutions to bacterial diseases continues through the
years, phage therapy is a frontier of innovation that could potentially revolutionize plant protection and
agricultural healthcare.

5. Conclusion

By focusing on the natural enemies of bacteria, this approach follows the principles of integrated pest
management and sustainable agriculture, offering a path of least resistance forward that reduces reliance
on chemical pesticides, protects environmental health, and ensures the safety and security of the global
food supply chain without having to keep up with evolving bacterias. The transition from traditional
pesticides to phage-based treatments is not without its challenges, requiring massive amounts of research
on the phages and effective implementation. Still, the potential benefits for crop health, yield
sustainability, and ecological balance make it an exciting area of exploration that would undoubtedly
benefit humanity if mastered. As research continues to uncover the vast potential of phages, they will
become an integral part of the toolkit for combating bacterial infections in agriculture, ensuring the
resilience of our food systems in the face of evolving bacterial threats.
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