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Abstract 

Pestalotiopsis sp. is an important fungal pathogen associated with leaf diseases, which pose a significant threat to 

sustainable crop production. This study aims to identify publication trends, global research distribution, and key 

research focuses related to the biological control of Pestalotiopsis spp. in plants. Data were collected from 

scientific publications indexed in the Scopus database from 2005 to 2025. Using AND/OR search terms, namely: 

(Title-Abs-Key (Biological And Control) And Title-Abs-Key (Pestalotiopsis)) And Pubyear > 2004 And Pubyear < 2026 

And (Limit-To (Subjarea, “Agri”) Or Limit-To (Subjarea, “Bioc”) Or Limit-To (Subjarea, “Medi”) Or Limit-To 

(Subjarea, “Envi”) Or Limit-To (Subjarea, “Immu”)) And (Limit-To (Doctype, “Ar”)) And (Limit-To (Language, 

“English”)), a total of 91 scientific articles were identified. The selected publications were analyzed using 

VOSviewer version 1.6.20 to evaluate publication trends, collaboration networks, and thematic evolution. The 

results show a significant increase in research activity, particularly after 2021, with a shift towards mechanism-

based biological control strategies. Key antagonistic microorganisms, including Trichoderma, Bacillus, 

Pseudomonas, and endophytic fungi, exhibit strong inhibitory effects through antibiosis, enzymatic degradation, 

competition, and induction of plant resistance. A key strength of this review is the integration of bibliometric 

mapping with mechanistic synthesis, which allows for the identification of thematic evolution, key biocontrol 

agents, and critical research gaps. Although biological control has demonstrated strong effectiveness under 

laboratory conditions, field validation and large-scale implementation are still limited. This review provides a 

comprehensive scientific reference and practical guidance to support future research and accelerate sustainable 

biological control strategies for Pestalotiopsis-associated diseases. 
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1. Introduction 
Pestalotiopsis spp. is a plant pathogenic fungus that 

attacks various economically important plant species. This 

pathogen is necrotrophic, causing symptoms such as spots, 

wilting and leaf fall, as well as stem base rot, which results 

in significant crop yield losses. Several plants have been 

reported to be susceptible to Pestalotiopsis infection, 

including tea (Camellia sinensis), oil palm (Elaeis 

guineensis), guarana (Paullinia cupana), rubber (Hevea 

brasiliensis), strawberry (Fragaria × ananassa), stone pine 

(Pinus pinea) (Alchemi & Jamin, 2022; Escalante et al., 

2010; Gualberto et al., 2021; Martínez & Plata-Rueda, 

2013; Pandey et al., 2024) (Alchemi & Jamin, 2022; 

Escalante et al., 2010; Gualberto et al., 2021; Martínez & 

Plata-Rueda, 2013; Pandey et al., 2024).   

Symptoms of Pestalotiopsis infection vary depending 

on the host plant and environmental conditions. In 

hazelnuts, wilting and leaf spots are characterised by 

yellowing and leaf necrosis (Vasić et al., 2017). In guava 

(Psidium guajava), infection causes light brown lesions 

surrounded by dark brown borders on the leaves, as well as 

prominent, corky, necrotic lesions on the fruit exocarp 

(Keith & Zee, 2010). Cardamom shows symptoms of 

rectangular spots parallel to the leaf veins, initially 

appearing on young and soft leaves (Gopi et al., 2018). In 

blueberry plants, leaf spots are characterised by dark 
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lesions (Araujo et al., 2023). Oil palms show damage to the 

leaves, causing the fronds to fall off (Escalante et al., 2010; 

Martínez & Plata-Rueda, 2013). Spots and fruit rot on 

grapevines cause post–harvest fruit rot (Jayawardena et al., 

2015). Branch blight: bayberry branch blight causes severe 

damage to plants (Ren et al., 2013). Stems and roots show 

symptoms of Ericaceae plants, with yellowing of leaves, 

stems, and roots, and black or dark green aservuli on 

diseased tissue (McQuilken & Hopkins, 2004). In yew 

trees, there is an increase in the production of superoxide 

anion radicals and hydrogen peroxide in the leaves, 

indicating oxidative stress (   us- aja  , 200 ).  

The Pestalotiopsis pathogen causes significant damage 

and economic losses to various crops, particularly oil palm 

and tea plants. In Ghana, leaf spot outbreaks caused by 

Pestalotiopsis sp. on oil palm seedlings reached an 

incidence rate of 85%, indicating an epidemic situation 

(Lekete et al., 2019). In Venezuela, Pestalotiopsis, along 

with Curvularia, caused severe yield losses in oil palm 

plantations (Escalante et al., 2010). In Colombia, damage 

caused by Pestalotiopsis was exacerbated by the leaf-

dropping Lepidoptera larvae and significant damage to the 

leaves of E. guineensis (Martínez & Plata-Rueda, 2013). To 

address the problem of Pestalotiopsis infection in various 

crops, several control methods have been developed. These 

methods can be broadly categorized as biological, 

chemical, and cultural practices. Control measures: 

Biological control involves the use of natural organisms to 

suppress Pestalotiopsis infection. This method is 

environmentally friendly and sustainable, as various 

microbes, including fungi and bacteria, can act as 

biological control agents. Trichoderma asperellum and 

Streptomyces sp. have demonstrated antagonistic activity 

against plant pathogens (Karamova et al., 2019). 

Furthermore, endophytic microorganisms can protect host 

plants by releasing metabolites that inhibit pathogen growth 

(Kumar et al., 2023). Mycoviruses such as Pestalotiopsis 

theae chrysovirus-1 can transform pathogenic fungi into 

non-pathogenic endophytes, reducing their virulence and 

conferring resistance to host plants  (Zhou et al., 2021). 

Chemical control involves the use of fungicides and other 

chemicals to control Pestalotiopsis infections. A five-spray 

program alternating prochloraz and carbendazim has been 

effective in reducing the incidence and severity of the 

disease in ericaceous plants (McQuilken & Hopkins, 2004). 

However, continuous use of chemical pesticides can cause 

environmental pollution, pathogen resistance, and 

decreased soil fertility (Chandoliya et al., 2023; Kumar et 

al., 2023) 

Cultivation practices involve modifying the growing 

environment to reduce the incidence of Pestalotiopsis 

infection. Subsurface irrigation has been shown to be more 

effective than overhead watering in reducing disease 

incidence (McQuilken & Hopkins, 2004). Disinfecting pots 

and floors with hydrogen peroxide/peracetic acid can 

significantly reduce disease severity when combined with 

fungicide treatments. Crop rotation and intercropping: 

These practices disrupt the pathogen life cycle and improve 

soil health, thus contributing to pathogen control (Cucu et 

al., 2025). Maintaining biodiversity: Encouraging 

biodiversity in agricultural systems can help manage 

pathogen populations and increase plant resilience (Cucu et 

al., 2025).   

Although research on Pestalotiopsis continues to grow, 

previous review studies still have limitations. Previous 

studies on diseases and pests in rubber plants primarily 

analyzed global research trends, scientific collaborations, 

and general research themes related to various pathogens. 

These studies focused solely on various pests and diseases 

caused by Pestalotiopsis spp. Furthermore, these studies 

relied solely on bibliometric analysis and did not provide a 

narrative synthesis of biological control mechanisms, 

ecological interactions, or practical applications of 

biological control agents (Chen et al., 2023). The fungal 

pathogen NeoPestalotiopsis spp. is a major cause of various 

diseases in strawberries, including leaf spot, fruit rot, basal 

stem rot, and root rot, with a primary emphasis on the 

biology and epidemiology of the pathogen, such as its life 

cycle, infection mechanisms, and disease spread patterns in 

strawberry production systems (Ávila-hernández et al., 

2025). 

In contrast, this review specifically focuses on the 

biological control of leaf diseases caused by Pestalotiopsis 

spp., integrating bibliometric analysis with a 

comprehensive narrative review. This approach allows for a 

deeper understanding of research trends while synthesizing 

current knowledge on antagonistic microorganisms, 

pathogen suppression mechanisms, and their potential 

applications in sustainable disease management. By 

combining quantitative bibliometric mapping with 

qualitative biological interpretation, this review provides a 

more focused and mechanistic perspective that has not been 

addressed in previous bibliometric studies.  Based on this 

background, this study aims to map two decades of 

research on Pestalotiopsis biological control from 2005 to 

2025 using a bibliometric analysis of Scopus–indexed 

publications enriched with narrative analysis. This study 

seeks to answer the following research questions: 1)What 

are the publication trends and developments in 

Pestalotiopsis sp. biological control research during the 

2005-2025 study period 2) What is the main focus of 

Pestalotiopsis sp., and what are the future directions of 

Pestalotiopsis sp. biological control research (future 

research) based on the bibliometric results and narrative 

review? 3) Who are the authors, institutions, and countries 

that have contributed most to the research 4) What are the 

most frequently occurring topics and how are they related 

based on keyword co-occurrence analysis. The results of 

this study are expected to provide a comprehensive 

overview of the development of Pestalotiopsis sp. Research 
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on biological control of Pestalotiopsis sp., highlights 

leading authors and institutions, and provides a scientific 

basis for research and policy planning that supports 

ecosystem resilience and sustainable rubber production 

through biological control innovations. 

 

2. Material and Methods 
This study was designed using a bibliometric approach 

combined with a narrative review to map the global 

development of research on the biological control of 

Pestalotiopsis in rubber agricultural ecosystems over the 

past two decades (2005–2025). The study includes 

scientific publications from all countries indexed in the 

Scopus database, ensuring a comprehensive global 

representation of research activity in this field. A 

bibliometric approach was used to measure scientific 

productivity, analyze collaborative networks across 

countries, institutions, and authors, visualize relationships 

between documents, and identify the structure and 

evolution of the knowledge domain. Furthermore, 

bibliometric findings were interpreted through a narrative 

synthesis to elucidate research trends, key themes, 

biological control mechanisms, and emerging research 

directions. The integration of bibliometric mapping and 

narrative analysis provides a comprehensive global 

perspective on the development, knowledge structure, and 

future directions of biological control research targeting 

Pestalotiopsis in agricultural ecosystems. 

All data used were based on Scopus data with search 

techniques developed and following PRISMA guidelines 

which are mandatory reporting elements for systematic 

reviews and meta-analyses (Liberati et al., 2009). The data 

search process was conducted on December, 2025 using a 

combination of keywords developed based on standard 

terminology in biocontrol research and coffee 

agroecosystems. The keywords used included AND/OR, 

namely: (TITLE-ABS-KEY (biological AND control) 

AND TITLE-ABS-KEY (Pestalotiopsis)) AND 

PUBYEAR > 2004 AND PUBYEAR < 2026 AND 

(LIMIT-TO (SUBJA EA, ―AG I‖) O  LIMIT-TO 

(SUBJA EA, ―BIOC‖ ) O  LIMIT-TO (SUBJAREA, 

―MEDI‖ ) O  LIMIT-TO (SUBJA EA, ―ENVI‖ ) O  

LIMIT-TO (SUBJA EA, ―IMMU‖ ) ) AND (LIMIT-TO 

(DOCTYPE, ‗ar‘ ) ) AND (LIMIT-TO (LANGUAGE, 

―English‖ ) ). The initial exe ution of the sear h quer  

applied to the title, abstract, author keywords, and author 

keywords plus fields in the Scopus database resulted in 91 

documents. In the first screening, publications were limited 

to the years 2000-2025. Documents were limited to 

relevant subject areas in the field of Agricultural and 

Biological Sciences resulting in 50 articles. Only original 

papers were selected, amounting to 47 articles. To ensure 

language consistency and facilitate bibliometric analysis, 

further selection was carried out by limiting articles to only 

39 articles in English, and at this stage the number of 

documents that met the final criteria was determined 

(Figure 1). 

 

 
Figure 1. Research flowchart 
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All documents were screened through title and abstract 

review to ensure their relevance to the topic of biological 

control in plants. This stepwise procedure was undertaken 

to maintain the validity of the dataset and ensure that the 

included articles were truly representative of the research 

landscape to be mapped. These 39 articles were then used 

as the basis for the bibliometric analysis and narrative 

review in this study. The search method and article 

selection procedure are shown in Table 1. The development 

of scientific advances in the field of biological control of 

Pestalotiopsis sp. leaf disease, the geographic distribution 

of contributing countries related to Pestalotiopsis sp. in 

crop, and the main research focus based on the co-

occurrence of keywords in the biological control of 

Pestalotiopsis sp. in crop were analyzed using VOSviewer 

software (version 1.6.20) to construct and visualize a 

bibliometric network map. 

Table 1. Search strategies for obtaining data from the intended literature sources 

String of 

search terms 

 

( TITLE-ABS-KEY ( biological  AND control )  AND  TITLE-ABS-KEY ( Pestalotiopsis ) )  AND  PUBYEAR  

>  2004  AND  PUBYEAR  <  2026  AND  ( LIMIT-TO ( SUBJAREA ,  "AGRI" )  OR  LIMIT-TO ( 

SUBJAREA ,  "BIOC" )  OR  LIMIT-TO ( SUBJAREA ,  "MEDI" )  OR  LIMIT-TO ( SUBJAREA ,  "ENVI" )  

OR  LIMIT-TO ( SUBJAREA ,  "IMMU" ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( LIMIT-TO ( 

LANGUAGE ,  "English" ) ) 

  

looked in Topic: title, abstract, author keywords, and keywords plus 

Database Scopus 

The most 

recent 

update 

December , 2025 

Initial 

Result 

91 articles 

Criteria for 

inclusion 

Agricultural and Biological Sciences 

Environmental Science  

Biochemistry, Genetics and Molecular Biology  

Immunology and Microbiology  

Medicine  

Article  

English  

Stage of 

screening 

52  articles were removed 

Last sample 39 articles 

 

Next, the identification of the most relevant sources, 

analysis of the most popular author keywords (Table 2), 

and evaluation of the evolution of research in Pestalotiopsis 

sp. control were performed using R software (version 4.5.2) 

through the Bibliometrix package and its web interface, 

Biblioshiny. These tools were applied to generate source 

impact metrics, keyword frequency distributions, and 

analysis of thematic evolution over time. 

 

3. Results and Discussion 
3.1. The development of scientific progress in the field 

of biological control of Pestalotiopsis sp. leaf 

diseases 

Figure 2 showed that publications on the biological 

control of Pestalotiopsis sp. for leaf diseases during the 

period 2005–2025 showed an overall increasing trend with 

variations between years. In the initial phase (2005–2011), 

the number of publications was relatively low and 

inconsistent. Starting in 2012, a gradual increase occurred 

that continued until 2017, followed by an acceleration in 

publications in the period 2018–2020. The peak of 

publications was reached in 2021–2023, reflecting an 

increased research focus on sustainable biological control 

strategies. Despite a temporary decline in 2024, a surge in 

2025 confirms the relevance and sustainability of this topic 

in rubber leaf fall research. 

Table 2 illustrates the distribution of the most 

influential publication sources in research related to 

Pestalotiopsis sp., particularly in the context of 

microbiology, plant pathology, and biological control. The 

dominance of Frontiers in Microbiology (7 articles) 

confirms that the field places a strong emphasis on 

microbiological and molecular fundamentals, including the 

exploration of antagonistic microorganisms, microbe-

pathogen interactions, and omics approaches as a basis for 

developing biological control strategies. The presence of 

Biological Control (5 articles) as the second most 

productive source indicates that Pestalotiopsis is 

consistently positioned as a plant pathogen, not a pest, and 

that the preferred approach is biological disease control. 

This reinforces the argument that the research focus has 

shifted from simply eliminating pathogens to evaluating 

antagonistic agents and the effectiveness of biologically 

based control. Journals such as the International Journal of 
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Molecular Sciences, the Journal of Applied Microbiology, 

and the Journal of Fungi (3 articles each) reflect 

mechanistic insights through molecular and physiological 

studies of the fungus, as well as testing applications of 

antagonistic microbes. This distribution suggests that 

research is not stopping at the descriptive level, but rather 

moving towards understanding the biological and 

molecular processes underlying antifungal activity. Sources 

with fewer articles but strong themes, such as Australasian 

Plant Pathology and Fungal Biology, show specific 

contributions to plant pathology and fungal biology, while 

the emergence of Marine Drugs shows a cross-disciplinary 

expansion into the exploration of bioactive metabolites, 

although its contribution is still limited and has not yet 

become mainstream in plant disease management. 

 
Figure 2. Distribution of publications by year 

 

Tabel 2. Most relevan source 

Sources Articles 

Frontiers In Microbiology 7 

Biological Control 5 

International Journal Of Molecular Sciences 3 

Journal Of Applied Microbiology 3 

Journal Of Fungi 3 

Australasian Plant Pathology 2 

Biocontrol 2 

Fungal Biology 2 

Marine Drugs 2 

Microbiological Research 2 

 

3.2. Geographical distribution of contributing countries 

related to biological control and  Pestalotiopsis sp.  

leaf diseases 

Figure 3 showed the geographical distribution of 

publications related to Pestalotiopsis sp. in rubber as well 

as the countries with the largest contribution to coffee pest 

biological control research. China occupies the dominant 

position with more than 30 publications, reflecting its 

strong research capacity and the intensity of disease issues 

in rubber and coffee plantations in the country. Brazil and 

India follow as the next major contributors with a 

significant number of publications, in line with their 

position as major producers of tropical plantation 

commodities. The United States and Mexico also show a 

prominent research role, despite not being major rubber 

producers, but are active in biocontrol and agricultural 

microbiology research. The UK, Poland and Spain make 

moderate contributions, mainly through laboratory studies 

and international collaborations. Meanwhile, Egypt and 

Indonesia are at a lower publication level, suggesting that 

local research on Pestalotiopsis sp. and its control still 

needs to be improved despite the large plantation potential 

of both countries. Overall, this pattern illustrates that most 

research comes from countries with high research capacity 

or countries with significant disease pressure on rubber 

commodities. 
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Figure 3. Top ten countries with the most publications on biological control of Pestalotiopsis sp. 

3.3. Main research focus (keywords) in biological 

control of Pestalotiopsis sp leaf disease 

Figure 4a displays a keyword co-occurrence network 

depicting the intellectual structure and dynamics of 

biological control research on Pestalotiopsis, a plant fungal 

pathogen. Overall, the network exhibits a dense and 

interconnected pattern, indicating that this field of research 

has developed conceptually, but remains concentrated on 

laboratory and mechanistic approaches. The center of the 

network is dominated by Pestalotiopsis and articles, which 

are strongly linked to phylogeny, antifungal activity, and 

biological control. This configuration highlights the 

pathogen-centric nature of research, with a primary focus 

on taxonomic identity, phylogenetic relationships, and 

evaluation of antagonistic ability, rather than 

agroecosystem-based approaches or integrated disease 

management. The strong linkage between Pestalotiopsis 

and phylogeny reflects the importance of molecular 

approaches in resolving species complexes, which remain 

fundamental to the development of biological control 

strategies. The red cluster represents the functional axis 

focusing on antifungal activity, bacterial strain, soil 

microflora, plant growth, and key species such as Bacillus 

velezensis. This cluster indicates a shift in research toward 

characterizing pathogen inhibition mechanisms, including 

metabolite production and effects on plant growth. 

However, the strong associations within this cluster are not 

matched by significant connections to terms such as field 

application, formulation, or environmental stability, 

indicating that most findings are still at the in vitro or 

controlled conditions testing stage. The green cluster 

highlights the biological foundation of the research, 

characterized by keywords such as endophyte, 

microbiology, genetics, and fungus. The close association 

with other pathogens such as Fusarium, Colletotrichum, 

and Phoma suggests a tendency to generalize the potential 

of biocontrol agents across pathogen systems. While this 

approach broadens mechanistic understanding, the weak 

linkage to implementation strategies suggests that 

knowledge transfer from the biological level to practical 

disease management remains limited. The blue cluster 

reflects a cross-disciplinary expansion that includes 

chemistry, metabolism, ascomycetes, and non-agricultural 

terms such as animal cell and human. This demonstrates 

increased interest in metabolite characterization and 

toxicity testing, but also indicates a potential shift in focus 

that could reduce direct relevance to plant disease control if 

not strategically integrated within an agricultural context.  

Figure 4b is an overlay visualization of the keyword 

co-occurrence network showing the temporal dynamics of 

the research theme of biological control of Pestalotiopsis sp. 

The colors represent the average year of keyword 

appearance, from blue-purple (older themes) to green-

yellow (newer themes), thus understanding the 

chronological direction of research evolution. In the initial 

spectrum (blue-purple, ±2018–2019), research was 

dominated by fundamental keywords such as fungi, fungi, 

fungal isolation, and nucleotide sequences. This indicates 

that the initial research phase focused largely on pathogen 

identification, microbial exploration, microbiological 

isolation and characterization, endophytes, initial 

classification, and taxonomic positioning of Pestalotiopsis 

and related fungi. There is no need to worry about the 

content and text within the text. Entering the transition 

phase (bluish-green, ±2020–2021), keywords such as 

biological control, biocontrol agents, in vitro studies, 

phylogeny, and antifungal agents began to occupy a central 

position. This reflects a shift from biological exploration to 

functional evaluation, specifically testing antagonism and 

agent potency under controlled biological conditions. 

Pestalotiopsis remains the core node, confirming that the 

evolution of the theme is to strengthen the focus, not to 

change the research objectives. 

This period extends further (late in the year, between 

2022 and 2024), and also poses risks to antifungal activity, 

Bacillus velezensis, plant growth, soil microflora, 
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metabolism, and human and other animal cells. However, 

users have the right to choose different methods of use, 

which can be used in different ways, which can be used to 

protect people worldwide. However, the emergence of this 

interdisciplinary term also indicates the potential for 

broadening the research focus, which is not yet fully 

integrated with the needs of plant disease management in 

the field.  

 

 

 
Figure 4. The association between the author's keyword occurrence related to Pestalotiopsis biological control a. network 

visualization b. overlay visualization 

a 

b 
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Tabel 3. The most popular keywords by author 

Keyword Occurrences Total link strength 

Pestalotiopsis 33 470 

controlled study 22 344 

Fungus 22 328 

biological pest control 18 282 

Microbiology 16 274 

plant disease 16 263 

Fungi 18 240 

Fusarium 14 227 

Endophyte 16 225 

plant diseases 15 225 

genetics 12 212 

antifungal activity 14 208 

biological control agent 12 208 

phylogeny 12 205 

 

Table 3 highlights a mature but methodologically 

limited research field. Pestalotiopsis dominates both the 

occurrence and strength of total links, confirming that the 

literature is firmly pathogen-centered rather than system- or 

host-driven. The high prevalence of controlled studies 

underscores the strong reliance on laboratory-based and 

tightly regulated experimental designs, which, while 

valuable for mechanistic clarity, inherently limit ecological 

realism and field applicability. Although biological pest 

control appears frequently, its use reflects terminological 

generalization rather than conceptual accuracy, as 

Pestalotiopsis is a fungal pathogen; this highlights 

inconsistencies in the standardization of keywords in this 

field. More conceptually aligned terms—such as antifungal 

activity, biological control agent, and plant disease—show 

substantial connectivity, indicating a clear shift toward 

functional suppression of pathogenicity through enzymatic 

and metabolite mechanisms. The recurrent presence of 

endophytes, microbiology, genetics, and phylogeny 

suggests strong progress in mechanistic and taxonomic 

resolution, but their weak linkage to applied themes 

suggests limited downstream integration into formulation 

development, field validation, or integrated disease 

management systems. Collectively, this keyword 

architecture describes research domains that are 

scientifically robust at the mechanistic level but less 

developed translationally, thus defining a clear research 

boundary focused on scaling, environmental validation, and 

implementation of biological disease control strategies. 

 

3.4. Evolution research in the control of Pestalotiopsis 

sp. 

Figure 5 shows the shift in research themes related to 

the biological control of Pestalotiopsis sp. from 2005–2021 

to 2022–2025. In the initial period, research was dominated 

by fundamental studies such as soil microflora, 

microbiology, Pestalotiopsis, endophytes, and early 

concepts of biological control, reflecting a focus on 

understanding basic biology and pathogen-microorganism 

interactions. 

Entering the 2022–2025 period, research themes 

experienced strong consolidation with biological control as 

the primary focus, along with an increase in the number of 

publications. In this phase, a new theme emerged, namely 

antifungal activity, signaling a shift to the study of 

antagonistic mechanisms, including secondary metabolite 

production and enzymatic activity. Early themes such as 

soil microflora and endophytes are no longer isolated but 

are implicitly integrated into more applicable biological 

control approaches. Overall, this pattern reflects a paradigm 

shift from descriptive and biological research to biological 

control strategies based on mechanisms, effectiveness, and 

applicability, opening opportunities for formulation 

development, field validation, and sustainable 

implementation in plant disease management. 

 

3.5. Biological control Pestalotiopsis 

This synthesis review was initially based on 39 

scientific articles specifically addressing the biological 

control of pathogens from the genus Pestalotiopsis. After 

further screening and filtering based on abstract relevance 

to ensure alignment with the research objectives, seven 

articles were selected for in-depth journal synthesis. This 

synthesis review is based on 39 scientific articles 

specifically addressing biological control of pathogens 

from the genus Pestalotiopsis. These studies evaluated a 

variety of antagonistic microorganisms, including 

Trichoderma, Bacillus, Pseudomonas, and other endophytic 

fungi, which have demonstrated the ability to inhibit 

pathogen growth through mechanisms such as antifungal 

metabolite production, competition, and induction of plant 

resistance 

 

3.6. Trichoderma sp 

(Baek et al., 2025; Gónzález-gaona et al., 2025) in 

their scientific articles stated that the Trichoderma spp. 
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strains evaluated exhibited antagonistic behavior against 

Pestalotiopsis clavispora, confirming their potential as 

biocontrol agents. Under field conditions, Trichoderma 

strains Tr 18 and 19 showed a tendency to reduce the 

incidence and severity of guava scab disease, comparable 

to conventional pesticides. The highest percentage of fruit 

damage was observed in strains 35 and 9, with damage 

levels of 7.97% and 7.10%, respectively, while strains 18 

and 19 had lower damage levels of 2.20% and 2.33%. The 

effectiveness of the Trichoderma strains was not 

statistically significant due to the low overall disease 

incidence and variability between trees. The study found 

that the percentage of infection was low, with the highest 

infection in strains 35 and 9, indicating negative 

effectiveness compared to the control. Research Gap This 

study shows that although Trichoderma strains show 

potential as biocontrol agents, the lack of statistically 

significant differences between treatments suggests that 

further research is needed to confirm their effectiveness 

under various conditions. Multi-year validation studies in 

various regions are needed to strengthen the evidence for 

the effectiveness of Trichoderma strains in managing guava 

scab disease. There are unresolved issues regarding the 

variability of disease incidence and severity, which 

complicates the analysis of treatment effectiveness and may 

mask the true potential of biocontrol agents. All tested 

Trichoderma strains significantly inhibited pathogen 

growth, with the level of effectiveness varying significantly, 

with 11C-65-1 > RC > 29-8. Significant morphological 

changes were observed in both interacting fungi. The 

machine learning model was able to predict pathogen 

colony size with high accuracy (R² values on test data up to 

0.94), with the identity of the specific Trichoderma–

pathogen pair and the Trichoderma value being the most 

influential predictors. VOC compounds contribute to the 

inhibition of pathogen growth, and the use of larger 

amounts of Trichoderma biomass drastically increased the 

antagonistic effect, likely due to the combined action of 

VOCs and physical interactions. UVC pretreatment caused 

statistically significant morphological changes, but these 

were minimal under the test conditions used. 

  

 
Figure 5. Thematic evolution 

Furthermore, in vitro dual-culture antagonistic tests 

showed that T. asperellum Tric 33 suppressed the growth of 

Poria hypolateritia, Rosellinia arcuata, Phellinus noxius 

(root pathogens), Lasiodiplodia theobromae, Fusarium 

solani species complex, Marasmius crinis–equi (stem 

pathogen), Colletotrichum sp., and Pestalotiopsis sp. (leaf 

pathogens) on tea plants by 76–89%. Growth assessments 

showed that T. asperellum Tric 33 thrived at a pH of 4.5–

5.5 and temperatures between 21–28°C. Incorporation of T. 

asperellum Tric 33 into integrated disease management 

strategies will enhance biodiversity, maintain soil health, 

and support climate-friendly cultivation practices (Gamlath 

et al., 2025).  

 

3.7. Bacillus velezensis  

(Sun et al., 2025) In their study, Bacillus velezensis 

GX1 was described as an effective biocontrol agent that 

significantly reduced the incidence of gray spot disease on 

Polygonatum cyrtonema by inhibiting the pathogen 

Pestalotiopsis xuefengensis. The results showed that GX1 

effectively inhibited P. xuefengensis HJHB1, inhibiting 

pathogen growth by 74.97% in vitro and inhibiting disease 
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development by 87.13% in field experiments. This strain 

produces antifungal metabolites, particularly lipastatin, 

which enhance plant resistance to Pestalotiopsis disease. 

The antifungal activity of lipopeptide extracts, particularly 

lipastatin and surfactin, was evaluated, demonstrating 

effectiveness against P. xuefengensis mycelial growth. The 

performance of biocontrol bacteria in outdoor environments 

remains uncertain, as factors such as competition from 

other microorganisms and environmental conditions may 

affect their efficiency. The stability of metabolites of 

biocontrol agents under various environmental conditions is 

not yet fully understood, although this is crucial for their 

commercial application. The specific mechanisms by which 

lipastatin exerts its antifungal effects, particularly in 

synergy with other metabolites, require further research. 

Differences in metabolite abundance between effective and 

ineffective B. velezensis strains need further exploration to 

identify key factors contributing to the effectiveness of 

biological control. This study did not address the long-term 

impact of biocontrol agent application in agricultural 

environments, which is crucial for sustainable disease 

management strategies. 

B. velezensis isolate TS3B-45 demonstrated 80% in 

vitro inhibitory activity against Colletotrichum 

gloeosporioides, comparable to prochloraz (82%) and 

Bacillus subtilis ATCC 55614 (77%). Future research 

should focus on stabilizing and bioformulating B. 

velezensis strain TS3B-45 to improve its effectiveness as a 

biocontrol agent against post-harvest fungal pathogens 

(Reyes-Estebanez et al., 2020).  

 

3.8. Pseudomonas silvicola  

As mentioned disebutkan (Wang et al., 2025) PSM-6, 

an endophytic bacterium, exhibited excellent antagonistic 

activity against NeoPestalotiopsis camelliae-oleiferae, 

effectively protecting pine seedlings from pathogen 

infection. PSM-6's extracellular secondary metabolites 

caused the shrinkage and collapse of pathogenic hyphae, 

indicating a significant inhibitory effect. PSM-6 exhibited 

broad-spectrum antifungal activity against several 

phytopathogenic fungi, including Fusarium graminearum, 

Botrytis cinerea, and Verticillium dahliae. Disease index 

and mortality rates decreased with early treatment with 

PSM-6, indicating effective disease management. The 

antifungal mechanism of PSM-6 involves secondary 

metabolites that induce hyphal deformation, promote host 

growth, and enhance systemic resistance. Future studies 

can explore the broader application of PSM-6 in biological 

control, particularly its effectiveness against various plant 

pathogenic fungi beyond those already studied, such as 

Fusarium graminearum and Botrytis cinerea. Future 

research directions for identifying the mechanism of action 

of the secondary metabolite PSM-6 may provide insights 

into improving its antifungal properties and effectiveness in 

agricultural settings. Further studies could focus on the 

ecological impact of PSM-6 in natural environments, 

assessing its role in improving plant health and disease 

resistance across diverse ecosystems. Research could also 

aim to optimize PSM-6 application methods to maximize 

its biological control potential in commercial agriculture. 

 

3.9. Bacillus subtilis subsp. spizizenii BL-59  

(Duangkaew & Monkhung, 2021) used a dual culture 

test to determine the antifungal activity of isolate BL-59. 

The dual culture test showed that the antagonistic bacteria 

inhibited the mycelial growth of Colletotrichum sp. and 

Pestalotiopsis sp. by 49.31% and 42.55%, respectively. 

Morphological and biochemical studies of the antagonistic 

bacteria BL-59 showed that this isolate was classified as 

gram-positive, rod-shaped, and endospore-forming, and 

showed growth that survived under salinity stress and high 

temperature (45ºC). In addition, this strain produced 

catalase and oxidase enzymes. BL-59 was identified as 

having a very close relationship with Bacillus subtilis subsp. 

spizizenii (99.79%) using molecular identification based on 

the 16S rRNA gene. This study revealed that antagonistic 

bacteria can be used as an alternative option to control 

anthracnose disease by reducing chemical residues in 

agricultural production 

 

3.10. Fusarium and Diaporte endophytic fungi 

(Song et al., 2021) identified 71 endophytic fungi from 

blueberry roots, with FLR13 (Pezicula sp.) exhibiting 

significant antifungal effects and promoting plant growth. 

FLR13 increased blueberry plant height, leaf size, stem 

diameter, and fresh weight, demonstrating its potential for 

disease control and agricultural applications. A total of 71 

endophytic fungi were isolated from blueberry roots, with 

Diaporthe and Fusarium being the most abundant genera. 

Botrytis cinerea, Phomopsis sp., Botryosphaeria dothidea, 

Pestalotiopsis sp., and Fusarium oxysporum were also 

identified. Isolate FLR13, classified as a Pezicula sp., 

exhibited an antifungal effect of over 60% against five 

blueberry pathogens. FLR13 treatment resulted in a 24.13% 

increase in plant height, 88.10% increase in leaf size, 43.32% 

increase in stem diameter, and 54.19% increase in plant 

fresh weight compared to seedlings not colonized by 

FLR13. The infection frequency (IF) of endophytic fungi in 

cultivated blueberries was only 15.3%, significantly lower 

than the 75–85% IF in wild blueberries. Future research 

directions include investigating the presence of documented 

secondary metabolites or novel compounds in FLR13 and 

their role in suppressing pathogen growth. Secondary 

metabolite profiles from other endophytes exhibiting 

antagonistic abilities are needed to understand the variation 

in antifungal effects. Further assessment of FLR13 

performance across geographic locations and blueberry 

genotypes is essential to evaluate its broader application. 

Research should explore whether FLR13 can colonize a 

wider range of plant species, which could expand its use in 
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various crop systems. Investigation of the underlying 

mechanisms by which FLR13 promotes blueberry growth, 

including phytohormone production, is recommended for 

future studies. 

 

3.11. Research limitations  

This study has several limitations that should be 

considered when interpreting the results. First, the 

bibliometric analysis was exclusively limited to 

publications indexed in the Scopus database and written in 

English. Second, the number of relevant articles 

synthesized by theme was only 39. The relatively small 

number of articles included in the final dataset (39 articles) 

reflects the stringent inclusion criteria applied, which, 

while improving data consistency and analytical clarity, 

may limit the comprehensiveness of the bibliometric 

network and the robustness of trend generalizations. 

Consequently, some emerging or niche research topics 

related to Pestalotiopsis biological control may not be fully 

reflected in the network visualization and keyword co-

occurrence analysis. Third, bibliometric indicators such as 

keyword frequency, co-occurrence, and citations primarily 

reflect research structure and trends rather than the actual 

biological effectiveness or performance of biocontrol 

agents in the field. Most of the reviewed studies 

emphasized in vitro antagonistic tests or controlled 

experimental conditions, while long-term field trials, multi-

site validation, and socio-economic evaluations were 

limited. This limits the review's ability to draw definitive 

conclusions regarding the practical scalability and 

consistency of biological control strategies under diverse 

agroecological conditions. Fourth, the narrative review 

component is inherently influenced by the availability and 

heterogeneity of published data. Differences in 

experimental design, host plant species, pathogen 

identification (including taxonomic revisions among 

Pestalotiopsis, NeoPestalotiopsis, and 

PseudoPestalotiopsis), and evaluation parameters across 

studies limit direct comparison and synthesis of results. 

Furthermore, limited reporting on formulation technology, 

shelf-life stability, and interactions between biological 

agents and environmental factors limits a more in-depth 

analysis of commercialization potential. Finally, this study 

did not include quantitative meta-analyses or modeling 

approaches to estimate effect sizes or predict future disease 

dynamics under climate change scenarios. Therefore, while 

the findings provide a comprehensive overview of research 

trends and thematic gaps, they should be interpreted as 

descriptive and exploratory, rather than predictive. 

 

4. Conclusion 
This bibliometric and narrative review of 39 Scopus-

indexed articles demonstrates a marked increase in research 

on the biological control of Pestalotiopsis spp., particularly 

since 2021, highlighting its growing relevance in 

sustainable disease management. The evidence consistently 

shows that fungal and bacterial antagonists effectively 

suppress the pathogen through multiple mechanisms, 

including antibiosis, resource competition, enzymatic 

degradation, and induction of host resistance. By 

integrating bibliometric mapping with mechanistic 

synthesis, this review provides a comprehensive 

perspective on research trends, key biocontrol agents, and 

emerging priorities. However, current findings are largely 

constrained to in vitro and controlled conditions, with 

limited field validation and insufficient data on formulation 

stability and long-term efficacy. Future research should 

emphasize field-based validation, bioformulation 

optimization, and integration into integrated disease 

management frameworks to ensure practical applicability. 

This review establishes a robust scientific basis to support 

the advancement of sustainable control strategies against 

Pestalotiopsis-associated diseases. 
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