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Abstract 

For the burgeoning global population, sustainable agriculture practices are crucial for accomplishing the zero-hunger 
goal. The agriculture sector is very concerned about the rise in insecticide resistance and the Modern Environmental 
Health Hazards (MEHHs) that are problems for public health due to on pesticide exposure and residues. Currently, 
farming practices are being developed based on microbial bio-stimulants, which have fewer negative effects and 
are more efficient than synthetic agro-chemicals. In this context, one of the most important approaches in sustain-
able agriculture is the use of biocontrol microbes that can suppress phytopathogens and insects. Simultaneously, it 
is critical to comprehend the role of these microbes in promoting growth and disease control, and their application 
as biofertilizers and biopesticides, the success of which in the field is currently inconsistent. Therefore, editorial is part 
of a special issue titled "Biocontrol Strategies: An Eco-smart Tool for Integrated Pest and Disease Management" which 
focuses on biocontrol approaches that can suppress the biotic stresses, alter plant defense mechanisms, and offer 
new eco-smart ways for controlling plant pathogens and insect pests under sustainable agriculture.
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Backgrounds
By 2050, there will be 10 billion people on the planet, 
and feeding them is the biggest challenge facing global 
agriculture [1, 2]. Plants are the only direct source that 
can supply humans with 90% of their calories and 80% 
of their protein. To meet rising global demand, food 
production is currently being increased in earnest on a 
worldwide scale [3, 4]. Biotic and abiotic stressors are the 
main barrier to sustainable food production. These issues 
have recently grown to be of great concern on a global 
scale [5, 6]. The yearly economic loss from biotic stress-
ors is $40 billion and results in crop losses of 20–40% 
[4, 7, 8]. Many serious social issues were reported due 

to the infestation of pathogens in food crops like  Phy-
tophthora infestans pathogen, responsible for potato late 
blight, which wiped out a million Irish people and forced 
another 1.5 million to leave their homes in the 1840s; 
it left an indelible mark on human history [9]. Another 
classical case of late blight causes an annual loss of $6.7 
billion to the potato industry.

Similarly, due to the rice brown leaf spot disease caused 
by Helminthosporium oryzae. Many serious social issues 
were reported due to the infestation of pathogens in 
food crops like Phytophthora infestans, which caused 
potato late blight wiped out almost a million Irish people 
and forced another 1.5 million to flee their homes in the 
1840s, and left an indelible mark on human history [9]. 
According to conservative estimates, the potato sector 
suffers a yearly loss of $6.7 billion due to the late blight, as 
does the rice industry from brown leaf spots caused by H. 
oryzae. Two million people were estimated to die during 
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the 1940s due to the devastating famine in Bengal, which 
negatively influenced rice output. The corn leaf blight 
pandemic caused by  Helminthosporium maydis  devas-
tated 15% of the maize harvest in the United States and 
cost an estimated $1 billion in 1970 [10, 11]. The cata-
strophic effects of pandemic plant pests have affected all 
the continents of the world. Therefore, efficient and eco-
friendly disease management tools are pre-requisite for 
the global food, fiber, and biomaterials supply chains [12].

Microbiologists, plant pathologists, and entomolo-
gists across the globe face a significant challenge as they 
work to find and develop environmentally friendly con-
trol agents against plant diseases & pests. Their goal is to 
reduce the widespread use of chemical pesticides, which 
would be an important step forward. On the other hand, 
pesticides and biopesticides derived from beneficial 
microorganisms are among the most effective strategies 
for risk-free crop management during low to medium 
biotic stresses. Numerous early publications [13–18] 
and reviews [19–23] on this issue have been published, 
reflecting the continually expanding interest in this field 
of study [24–26]. Additionally, due to the alarming rise in 
recent pathogen alerts and concerns about food security, 
all major agribusiness corporations are now investing in 
developing biological applications [27–29]. Researchers 
have concluded that biological control will remain indis-
pensable and play a significant role in modern agricul-
ture. A decline in biocontrol adoption around 2000 years 
has given way to significantly increased adoption in the 
last five years, largely due to supplementary biological 
control [30, 31], for which the political changes in Latin 
America, Asia, and Europe are to blame. Due to this, 
from 2017 to 2021, the amount of crop protection chemi-
cals used globally dropped from 2.75 to 2.66 million met-
ric tones (https://​www.​stati​sta.​com/​stati​stics/​12630​77/​
global-​pesti​cide-​agric​ultur​al-​use/).

Increased consumer demands due to the aware-
ness created by researchers, academicians, and non-
governmental organizations have all been hastening 
this shift. Growing educational opportunities in plant 
protection training over the past few decades have led 
to the widespread successful use of biological control, 
particularly in developing countries like Brazil, where 
research and implementation of both augmentative 
and classical biocontrol are gaining momentum. This 
trend has been accelerated by the demands due to the 
awareness created by researchers, academicians, and 
non-governmental organizations that have all been has-
tening this shift. Growing education opportunities in 
plant protection training over the past few decades have 
resulted in the successful use of biological control on a 
large scale, especially in developing nations like India, 
China & Brazil, where research and implementation of 

both augmentative and classical biocontrol are gaining 
momentum.  Realizing that synthetic  pesticides and fer-
tilizers have damaged ecosystems and exacerbated food 
security concerns, China and India have invested in bio-
logical control research, training, and adoption [31–33].

Challenges
The growing concerns about the overuse of synthetic 
chemical pesticides and their residues, increased sig-
nificance of insect pests and pathogens due to increased 
food demand, the withdrawal of several chemical pesti-
cides, including soil fumigants, the appearance of new 
invasive species, and pesticide-resistant strains of pests, 
climate change, and specialized monoculture are all fac-
tors have contributed to the expansion of the biological 
control domain of plant protection under the sustaina-
ble agriculture goal. However, bio-control agents (BCAs) 
have advantages over traditional crop protection (CPs) 
methods but are not yet ready to take their place. In 
many cases, the adaptability of BCA in a non-native envi-
ronment is poor. Further, their efficacy against multiple 
pathogens/insect pests is also low. As a result, it hasn’t 
been widely used [34].

Another major challenge is the lack of adequate charac-
terization of bio-agents coupled with the poor marketing 
strategy of bioagent-producing firms; for example, many 
PGPRs/biofertilizers projected as a biocontrol agent; low 
efficacy in non-native soils/environment work on adapt-
ability, and its contains is lacking appropriate research 
on the efficacy, growth promoting activities; lacking 
response of bio-agents at the physiological and molecular 
level, and poor of characterization and product formula-
tion of bio-agents. The mild disease/pest suppression by 
these bio-agents may probably be due to their growth-
promoting effect on plants. Therefore, this product con-
fuses end users because they expect anti-pest activity 
from these products. As a result, they are often ineffec-
tive, which helps diminish microbial biocontrol agents’ 
reputation. Even though  many strains blur the distinc-
tion between plant protection products and biopesticide/
biofertilizers, strict regulation is required to ensure the 
efficacy of biopesticide microorganisms and prevent their 
misuse as plant protection products.  Presently, only a 
few genera, species, and strains of BCAs (Coniothyrium 
minitans, Gliocladium catenulatum, Pseudomonas chlo-
roraphis and spp., Streptomyces griseovirides and Strepto-
myces lydicus, and Trichoderma asperellum, T. atroviride, 
and T. harzianum) are registered against some soil-borne 
pathogens. Similarly, Bacillus firmus  and Purpureocil-
lium lilacinum are the only BCAs approved for use 
against nematodes [35].

Experts have encountered great difficulties  in devel-
oping various BCA products, in addition to the cost and 
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scalability challenges of BCA. Many alternative solutions, 
such as those based on fermentation or pheromones, are 
prohibitively expensive to manufacture, providing custom-
ers with a little financial incentive to switch away from 
using known  BCA-containing products. As a result, sev-
eral companies are looking into novel ways to reduce pro-
duction costs. Due to the low barriers to entry and high 
market attractiveness in this  domain, hundreds of com-
panies, ranging from major CP firms to many mid-tier 
firms, engage in the BCA and bio-stimulants industries. 
Many new businesses emerge due to the influx of venture 
capital, but they frequently lack the funds to register their 
company, develop their products, and enter the market 
[34]. To register a single strain for commercial usage, firms 
would have to conduct extensive, statistically significant 
efficacy trials for each crop/disease in each zone. This limi-
tation has resulted in a dearth of products for the biologi-
cal control of insect pests and diseases in Europe and Asia. 
As was previously stated, only a handful of these products 
have been approved for use by European growers [35].

Opportunities
Biological control is a cost-effective, eco-friendly, and 
long-term solution for  crop protection against biotic 
stresses. Progressive farmers increasingly use the con-
servation and management of endangered species of bio-
control microorganisms, among other biologicals, to 
combat plant diseases [36]. The most successful approach 
to biological management for conservation objectives, 
according to Kean et  al. [37], is to concentrate on the 
most critical aspects of natural enemy ecology. Accord-
ing to Heimpel and Mills [38], there are two strategies to 
boost natural enemy effectiveness: (1) changing the habi-
tat so that natural enemies benefit at the expense of pests 
or (2) decreasing the detrimental effects of pesticides 
on natural enemies. Furthermore, the significance of 
biological control conservation in developing countries 
has been emphasized [31, 39]. Numerous microorgan-
isms have been shown to be effective against soil-borne 
diseases and nematodes over the last 50 years. Among 
these are the active ingredients in at least one biopesti-
cide that is already on the market. Even though several of 
these strains were developed a few years ago, none have 
achieved widespread commercial success due to com-
petition from synthetic chemical fumigants, which are 
often more cost-effective, easier to apply, have a wider 
spectrum of activity, and are highly effective. Since the 
ban on methyl bromide and other chemicals, there has 
been a revived interest in microbial biocontrol agents 
against soil-borne diseases. These agents operate best in 
conjunction with other agronomic practices or resist-
ant/tolerant plant varieties. The mechanism  of action 

of microbial biocontrol agents against plant pathogens 
includes direct antibiosis, hyper-parasitism, resistance 
induction, and competition for space and nutrients.

In addition, researchers are investigating the role of 
non-pathogenic beneficial rhizobacteria in increas-
ing plant resistance to pathogens, a process known as 
induced systemic resistance (ISR). Plant pathogen infec-
tion can result in systemic acquired resistance (SAR) 
[4, 40–43]. Some microorganisms (such as Bacillus 
spp., Pseudomonas spp., Acinetobacter calcoaceticus; 
Azotobacter spp., Azospirillum spp., Mesorhizobium, 
Bradyrhizobium, Burkholderia) act as bio-stimulators by 
producing indole-acetic acid, nitrogen fixation, P-solubi-
lizing, siderophore, HCN production, 1-aminocyclopro-
pane-1-carboxylate (ACC) deaminase, degrading organic 
matter to improving the plant growths & yields, control-
ling disease & pest and maintaining soil health’s [44–48]. 
Furthermore, soil and plant microbiomes can act as 
inoculants, aid in nutrient absorption, biocontrol prod-
ucts, help protect plants from pests and diseases, or both. 
Some soil amendments may be required to ensure benefi-
cial microbes’ survival. Perhaps "probiotics" can be iden-
tified to maintain plant microbiomes healthy [49–53].

Priorities for research in exploring of biocontrol 
agents
Basic biological research, particularly in taxonomy, ecol-
ogy, and behavior, has tremendously aided procedures 
employed in the exploration, selection, and risk evalua-
tion of biological control agents. However, some ques-
tions remain unanswered in the field of biocontrol, such 
as the lacking efficacy in profiling plant-associated micro-
bial bio-controlling agents,  the lack of an overall under-
standing of a pathogen’s biology, and the epidemiology of 
the resulting disease, which  hinder  the development of 
disease and pest management strategies. Therefore,  sci-
entists and researchers must keep the following goals in 
mind as they investigate emerging issues in the field in 
order to establish an eco-friendly bio-control strategy.

▪ Exploration of a new generation of biocontrol 
agents with higher efficacy, high productivity in fer-
menters, long shelf life and the ability to be stored at 
room temperature, and high compatibility with other 
control methods
▪ Standardizing of identification of BCA protocol 
against soil-borne disease & pest  
▪ Population genetics research presents opportuni-
ties to better understand how the impact of biologi-
cal control can be optimized.
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▪ Improving microbiological control by integrating 
several strains of the same genus specie, or several 
genus-specie
▪ Increase our understanding of microbial biocon-
trol agents’ potential against other soilborne patho-
gens beyond those listed on labels, as well as their 
potential use with carriers that can increase survival 
in soil, in order to demonstrate their environmental 
safety.
▪ Exploring cutting-edge genomic tools like CRISPR 
genome editing can reduce fewer desirable traits in 
biological control agents and insert new desirable 
characteristics such as insecticide resistance.
▪ Implementation of IPM strategies which include 
the use of microbial biocontrol agents with other 
management strategies  
▪ Optimize and reduce the cost of production of 
BCA by improving the technologies of fermentation 
or use of low-cost carrier substrates for BCA
▪ To protect food and ornamental crops from path-
ogens, it is important to encourage and assist busi-
nesses in registering microbial products that meet 
the criteria of ’low-risk substances’ either by expe-
diting the registration of low-risk substances or by 
providing subsidies to farmers who choose low-risk 
substances). 

Conclusions
We believe that understanding the effective biocontrol 
agents and their combined impact on emerging patho-
genesis and cytotoxicity requires a holistic approach of 
resilience and responsiveness. Furthermore, it is critical 
to learn about eco-friendly tools and identify viable crop 
protection management practices in organic and sus-
tainable farming. Therefore, researchers are encouraged 
to submit papers or reviews addressing the aforemen-
tioned challenges, opportunities, and priorities for BCA 
research, and we also encourage researchers to submit 
research papers or reviews dealing with these areas: how 
biocontrol microbes regulate plant defense mechanisms?; 
deploy biocontrol actions in plants and offer new strat-
egies for controlling plant pathogens and pests; how do 
plants interact with beneficial microbes while restricting 
pathogens?; engineering biocontrol microbial consor-
tium and their efforts to improve, facilitate, and main-
tain long-term pest and disease management, as well as 
plant growth, human risk evaluation of rhizospheric and 
entomopathogenic microbes to be employed as plant 
pest control research on the topic of Biocontrol strate-
gies: An Eco-smart tool for integrated pest & diseases 
management.
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