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ABSTRACT

Fungal plant pathogens are extensively studied for inhibition by various chemical agents. There also exists
a major portion of bacterial plant pathogens which significantly reduces the crop yield. Those bacteria need
to be specifically isolated and systematically characterized so as to develop a strategy to control them. A
range of chemical compounds have been employed in agricultural practices to control those fungal and
bacterial pathogens. However, these synthetic compounds damage the soil health as well as these enters
into food chain ultimately causing health hazards to human beings. In order to find out the alternative
ways to control them, phytopharmaceuticals would be one of the eco-friendly approaches. Therefore, it is
important to have an overview of noting the significant bacterial plant pathogens and also the bioactive
found effective against them. This will further lead to finding more efficient plant formulations and bioactive
components that can have significant action against the bacterial pathogens.
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Introduction

For overproduction of crops and vegetables farmers
started using the chemical pesticides heavily but
those chemical pesticides lead to enormous hazards
to soil health. An alternative to those pesticides is
being attempted in the form of controlled use of
nanoparticles and ecofriendly plant metabolites.
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Hazards of chemical pesticides

Pesticides are chemicals mostly used by farmers to
enhance crop yield and crop quality. In modern day
agriculture the use of chemical pesticide has
increased worldwide. Pesticides include fungicides,
insecticides, herbicides, nematicides and rodenti-
cides etc (Aktar et al., 2009). Unsafe handling of pes-
ticide may show harmful effects on human health.
For the prevention of toxicity of hazardous chemi-
cals personal protective equipment must be recom-
mended for farmers, but due to lack of money some
farmers cannot afford this equipment (Laor et al.,
2019).

Modern pesticides are pest-specific and low toxic
but it may be still hazardous to humans and other
animals. In many developing countries due to low
cost of older chemicals many farmers still use
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cheaper toxic chemical pesticides (Keifer et al., 2010).
Many pesticides contain different types of heavy
metals such as lead (pb), mercury (Hg), cadmium
(Cd), copper (Cu), and zinc (Zn) these are toxic to
humans, animals and not easily biodegrade. These
heavy metals adversely affect agricultural ecosys-
tem (Alengebawy et al., 2021). Excess use of pesti-
cides in agriculture may associate with different dis-
eases because some chemical compounds may be
absorbed by plants and consumption of such veg-
etables, fruits lead to metal poisoning and several
diseases (Grewal, 2017).

Benefits of plant bioactive for controlling crop
pathogens

In nature different types of plants are present which
are used for medicinal purpose from ancient time till
today. Plants have various types of bioactive com-
pounds used for different medicinal uses. From
these bioactive compounds commercial products are
also produced in large scale (Gwinn, 2018).
Bioactive compounds isolated from different plants
have different medicinal properties such as antibac-
terial, antifungal, anti-viral agents etc. This plant
derived compounds are used to reduce bacterial and
fungal diseases of agricultural crops which help to
reduce usage of chemical pesticides (Yazdani et al.,
2011).

Some of the traditionally important plants which
have bioactive containing medicinal properties are
Azadirachta indica (Neem), Curcuma longa (turmeric),
Delonix regia (gulmohar) etc. Methanolic extracts of
leaves, stem of Delonix regia shows antibacterial ac-
tivity against different bacteria such as Staphylococ-
cus aureus, E. coli etc. (Bhokare et al., 2018). Different
secondary metabolites of plants are used to reduce
infection of various types of bacteria and fungi.
Common secondary plant compounds are vitexin,
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quercetin, kaempferol, cinnamaldehyde etc.

Quercetin is a plant metabolite present in differ-
ent plants such as onion. Quercetin act as antibacte-
rial compound used to reduce or inhibit bacteria
such as S. aureus and Vibrio parahaemolyticus (Kim
and Kim, 2006). Like quercetin, kaempferol is also
well-known flavonoid present in various herbs and
plants. It shows antibacterial, antifungal, anti-carci-
nogenic and anti-inflammatory activities used in all
over the world to treat various diseases (Periferakis
et al., 2022).

Significant bacterial pathogens and their host plant

There are different bacterial pathogens such as
Pseudomonas syringae, Xanthomonas, Raltsonia,
Pectobacter etc. infect to significant vegetable crops
like tomato, cabbage, cauliflower, brinjal, bell paper
etc. all over the world.

First bacterial disease of tomato was Reported by
Shenge et al. (2007). It was observed that tomato bac-
terial speck cause mainly due to Pseudomonas
syringae. The tomato plant is also susceptible for bac-
terial spot disease majorly caused by Xanthomonas
gardneri. The spot disease leads to reduce produc-
tion as well as quality of tomato (Silveira et al., 2015).

Sotokawa and Takikawa (2004) observed bacte-
rial rot of onion and found that bacterium
Bukholderia cepacian as a causative agent of the dis-
ease. The Bacterial wilt of brinjal is caused due to
infection of Ralstonia solanacearum in brinjal plants
from the fields of Rajasthan, India (Sharma et al.,
2018). During rainy season in the month of July
some plants of bell paper show watery lesions at the
stem which is one of the indications of infection by
Pectobacterium carotovorum leads in the development
of wilt with defoliation (Gillis et al., 2017). Serratia
marcescens is a bacterium mainly transmitted by bug
and cause cucurbit yellow vine disease in cucurbit,

Table 1. Major bacterial pathogens of significant crops and vegetables

Sr. No. Bacterial crop pathogens Crop affected References

1 Pseudomonas syringae Tomato Shenge et al., 2007

2 Xanthomonas gardneri Tomato Silveira et al., 2015

3 Ralstonia solanacearum Brinjal Sharma et al., 2018

4 Pectobacterium carotovorum Bell pepper Gillis et al., 2017

5 Serratia marcescens Pumpkin, watermelon Bruton et al., 2003

6 Xanthomonas campestris Cabbage Smart and Lange, 2013
7 Bukholderia cepacia Onion Sotokawa N, Takikawa, 2004
8 Agrobacterium tumifacience Cucumber Mohiuddin et al., 2009
9 Dickeyazeae maize Jha and Prajapati, 2024
10 Candidatus liberibacter Potato Munyaneza, 2015
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pumpkin, watermelon and shows phloem discolora-
tion, wilting, and plant declining (Bruton et al.,
2003).

Black rot disease was first observed in New York
on turnips in 1893, a bacterium Xanthomonas
campestris was identified as a causative agent of the
rot disease. These bacteria infect cabbage and other
crops worldwide spreading from plant to plant by
means of water droplets, workers or animals (Smart
and Lange, 2013). Agrobacterium tumefaciens is one of
the most common bacteria infects vegetables like
cucumber, depending upon different factors and
physical conditions as well as some of the chemical
factors (Mohiuddin et al., 2009).

Dickeyazeae is a bacterium that generally infect
maize plant and reduces its production along with
crop quality. Dickeyazeae causes bacterial stalk rot in
maize. This disease is majorly found in tropical, sub-
tropical and moisture rich environment. This bacte-
rium affects variety of plants such as maize, rice,
sorghum and potato (Jha and Prajapati, 2024). Po-
tato is one of the economically significant crops in
United States, Mexico and Central America, but itis
susceptible to the infections by the bacterium like
Candidatus liberibacter which causes zebra chip dis-
ease of potato. Chips or fries made with the potato
infected by Candidatus liberibacter shows dark strips
on chips or fries due to this they become unaccept-
able which leads to commercial losses (Munyaneza,
2015).

There are different plants with medicinal impor-
tance, which have bioactive compounds that show
inhibitory activity against several bacterial patho-
gens with clinical as well as agricultural significance.

Bioactive components with significant efficacy
against subsequent bacterial phytopathogens
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The bioactives are the secondary metabolites natu-
rally present in plants which help to reduce bacterial
infection also perform several significant activities.
Some of the compounds such as Juglone,
Protocatechualdehyde (PCA), Thymol,
Cinnamaldehyde, Eugenol, Xylitol and their impor-
tance against agricultural phytopathogenic bacteria
are enlisted in Table 2.

Juglone a bioactive compound of plant origin is
effective in controlling Pseudomonas syringae respon-
sible for several infections and diseases in vegetable
crops (Han et al., 2021). While protocatechualdehyde
(PCA) is used to control Ralstonia solanacearum that
cause bacterial wilt in vegetables. PCA is important
bioactive compound associate with different medici-
nal properties and act as anti-bacterial, anti-inflam-
matory agent, anti-aging agent (Li et al., 2016).

Black rot disease is a serious bacterial disease re-
duce the efficiency of cruciferous plants worldwide
caused by seed born bacterium Xanthomonas
campestris can be inhibited by thymol, which is sec-
ondary metabolite of plant with significant antibac-
terial activity (Hakalovd et al., 2022).
Cinnamaldehyde is plant derived compound used
traditionally and in present day due to its antibacte-
rial activities. It shows antibacterial effect against
Pseudomonas aeruginosa and Burkholderia cepacia
strains which infect several agricultural crops
(Fernandez Jiménez, 2021).

Eugenol is monoterpenoid present in plant parts
and shows antibacterial activities. One of the major
diseases of potato is potato soft rot disease which
caused mainly due to bacteria Pectobacterium
carotovorum. Eugenol is capable of reducing the in-
fection of soft rot by inhibiting the Pectobacterium
carotovorum numbers (Youssef et al., 2024).

Serratia marcescens is a bacterium that causes

Table 2. Significant bioactives against bacterial plant pathogens

Sr. Bacterial Crop pathogen Bioactive found effective in References

No. controlling the bacterial crop pathogen

1 Pseudomonas syringae Juglone Han et al., 2021

2 Ralstonia solanacearum Protocatechualdehyde (PCA) Liet al., 2016

3 Xanthomonas campestris Thymol Hakalovaet al., 2022
4 Bukholderia cepacia Cinnamaldehyde Fernandez Jiménez, 2021
5 Pectobacterium carotovorum Eugenol Youssef et al., 2024
6 Serratia marcescens Xylitol Khayyat et al., 2021
7 Agrobacterium tumifacience Tannic acid Jailani et al., 2022

8 Dickeyazeae Carvacrol jiang et al., 2021

9 Candidatus liberibacter Ferulic acid Aksenov et., al 2024
10 Clavibacter michiganensis catechol Sanchez et., al 2023
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Fig. 2. Representation of bioactives against bacterial
plant pathogens

wound and burn infection is also reported as plant
pathogen. Xylitol is a plants secondary metabolite
used for the treatment of S.marcescence wound and
burn infections (Khayyat et al., 2021).

Crown gall, a disease characterized by tumor like
gall formation on root and stem of plants caused by
bacterium Agrobacterium tumefaciens. To control the
crown gall or reduce the infections of the bacterium
tannic acid, a secondary metabolite of plant origin
can be utilized (Jailani et al., 2022). Among the crops
like maize, poatato, banana, soft rot is one of major
diseases caused by Dickeyazeae. To reduce its infec-
tion a compound of plant origin carvacrol is used
which shows antimicrobial activity (Jiang et al.,,
2021) while to reduce infection of Candida
tusliberibacter ferulic acid is used which is also a sec-
ondary compound of plants (Aksenov et al., 2024).

The leaves extract of Ginkgo biloba plant has dif-
ferent bioactive compounds. One of these com-
pounds catechol which shows inhibitory activity
against Clavibacter michiganensis which affects differ-
ent horticulture crops and reduces quality as well as
production yield of crop (Sanchez et al., 2023).

Although there are various plant bioactives
found effective against the bacterial plant pathogens
but still there is need for finding efficient plant for-
mulations and bioactives for better control of bacte-
rial plant pathogens thereby reducing the excessive
use of chemical pesticides which is the major focus
of present review.
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