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Chapter

Biological Control in Capsicum 
with Microbial Agents
Lorena Barra-Bucarei and Javiera Ortiz

Abstract

Capsicum annuum L. has great importance worldwide for its nutritional 
characteristics and its antioxidant content. It is cultivated in different geographi-
cal areas, under field and greenhouse conditions, and its production can be used 
for fresh consumption or processing. During its growth, it can be affected by 
biotic factors, such as pests and diseases that negatively affect the production and 
quality of its fruits, thus making adequate control measures necessary to avoid rel-
evant economic losses. The environmental conditions that occur in its production 
promote the development of pests and diseases that can progress rapidly, making 
it increasingly difficult to manage populations of Capsicum. Traditionally, chemi-
cal pesticides have been used to deal with these problems, but their indiscriminate 
use has had negative consequences on the environment and human health. 
Biological control, based on the use of microorganisms, is thus presented as an 
efficient and sustainable alternative for Capsicum cultivation and offers a series 
of additional benefits. This chapter reviews the control alternatives available with 
microbial agents and their applications in the protection of Capsicum plants.

Keywords: beneficial microorganisms, entomopathogenic fungi, Beauveria bassiana, 
Trichoderma, endophytes

1. Introduction

The genus Capsicum belonging to the family Solanaceae consists of approxi-
mately 31 species, of which only five have been domesticated: C. annuum, C. 
chinense, C. frutescens, C. baccatum and C. pubescens [1]. Capsicum is known by 
various names including pepper, chile, chili, chilli, aji, and paprika. Throughout the 
world, Capsicum annuum L. is the most commercially important and widely grown 
species within this genus. The abundant varieties of C. annuum, including sweet 
peppers and chilli peppers, are important horticultural crops produced worldwide, 
especially in countries such as Spain and Mexico. Their fruits have remarkable sen-
sory attributes in terms of colour, acidity and aroma, as well as an ample diversity 
of antioxidants, such as phenolic compounds and flavonoids [2]. Moreover, some 
types present high levels of capsaicin (8-methyl-n-vanillyl-6-nonenamide), which 
provide them with their spicy flavour in addition to therapeutic applications due to 
their anti-cancer properties [3].

The growth and development of Capsicum can be limited by various abiotic and 
biotic factors that negatively affect its fruit production and quality. It is estimated 
that losses caused by biotic factors such as invertebrates, pathogens and weeds can 
vary from 27 to 42%, which would increase to between 48 and 83% if the crops 
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were not protected [4]. Among these, pests and plant diseases seriously affect 
Capsicum crops, in addition to the fact that their production is carried out under 
limited environmental conditions, which translates into a decrease in yield and 
quality [5]. For the control of these biotic agents, chemically synthesised pesticides 
have been traditionally used, which have generated several controversies due to 
their toxicity in humans and animals, and their damaging effects to the environ-
ment. Additionally, they can generate resistance in pathogenic microorganisms [6] 
and insects [7].

Regarding phytosanitary problems, the high temperatures and high levels of 
humidity generated in intensive production systems promote the development 
of fungal diseases that can progress rapidly [8]. Among the diseases that affect 
Capsicum, soil-borne diseases caused by pathogens of the genus Phytophthora, 
Fusarium, Pythium and Rhizoctonia are especially significant. At the fruit level, this 
crop is affected by pathogens such as Botrytis cinerea and Anthracnose, the latter 
caused by a complex of Colletotrichum species that is considered a serious problem 
with heavy losses in fruit yield, exceeding 80% [9]. Another important problem in 
the cultivation of Capsicum is viruses, since there are approximately 70 types that 
can affect this crop [10], especially the cucumber mosaic virus, pepper mild mottle 
virus and potato virus Y, among others [11–13]. In general, viruses can interfere 
with the chlorophyll synthesis of the plant, causing chlorosis and mottling of the 
foliage (mosaic).

On the other hand, several insect pests affect this crop during the entire growth 
and production cycle, causing significant yield losses ranging from 50 to 90% 
[14]. This has resulted in an intensive use of insecticides, mainly chemical. Among 
the plagues that affect Capsicum are: whiteflies, like Trialeurodes vaporariorum 
Westwood (Hemiptera: Aleyrodidae) and Bemisia tabaci Gennadius (Hemiptera: 
Aleyrodidae); flower thrips, Frankliniella occidentalis Pergande (Thysanoptera: 
Thripidae); aphids Myzus persicae Sulzer (Hemiptera: Aphididae) and Aphis gossypii 
Glover (Hemiptera: Aphididae); worms Helicoverpa armigera Hübner (Lepidoptera: 
Noctuidae), Spodoptera litura Fabricius and S. exigua Hübner (Lepidoptera: 
Noctuidae); and mites Polyphagotarsonemus latus Banks (Acari: Tarsonemidae), 
Tetranychus urticae Koch, T. ludeni Zacher and T. evansi Baker and Pritchard (Acari: 
Tetranychidae) [15–17]. Within this group, whiteflies, aphids and thrips are con-
sidered pests of economic importance worldwide [18]. They have a wide range of 
hosts, from agricultural species to ornamental plants and are difficult to control due 
to their high reproductive rate, short life cycle and cryptic behaviour [19–21].

Finally, phytoparasitic nematodes are also organisms present in the cultivation 
of Capsicum and can cause serious problems affecting its performance [22]. Among 
the nematodes that affect Capsicum, those of the genus Meloidogyne are especially 
significant, such as M. incognita (Kofoid and White) Chitwood, M. arenaria (Neal) 
Chitwood, M. enterolobii (Yang and Eisenback) and M. javanica (Treub) Chitwood, 
which are responsible for root-knot disease [23–25]. These nematodes are found 
throughout the world, especially in warm areas and in greenhouses. Other nema-
todes that also cause economic damage in Capsicum include the false root-knot 
nematode Nacobbus aberrans Thorne and Allen [26]. Nematode control strategies 
are based on the use of chemicals; however, their high cost and principally their 
toxic effects have led to a search for more sustainable alternatives.

With a growing world population, currently, the main challenge for agriculture 
is to achieve food security; thus, food production has increased in recent years. 
However, pests and plant diseases, where Capsicum is no exception, have also 
increased as a result of changing climatic conditions, intensification of production 
systems and the opening of borders for the free transit of food, including fresh 
produce. In a conventional way, the high populations of insect pests and plant diseases 
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have been controlled through the use of chemical pesticides. Biological control 
through the use of antagonistic microorganisms, such as bacteria, fungi and viruses, 
is presented as an alternative to the use of chemicals. It has received more attention in 
recent years and arises in response to the search for ways to control pathogens, insects 
and nematodes in a sustainable manner. However, this type of control must meet 
some requirements such as being effective against the target organism, not causing 
problems to the health of people and animals, reaching adequate control levels in the 
field, the feasibility of being incorporated into integrated management practices and 
meeting with phytosanitary measures according to the enforced regulations in each 
country where they are used.

Considering the above, the objective of this chapter is to review the importance 
of microbial agents in the biological control of pests, plant diseases and nematodes 
in Capsicum.

2. Microbial biological agents

2.1 Biological pest control with microorganisms

In recent years, world markets have expressed increasing concern about the 
use of agrochemicals. Biological control, which is defined as the reduction of 
pest populations by natural enemies and usually involves human intervention, is 
presented as an alternative to the use of chemical pesticides [27]. Biological control 
agents are classified into predators, parasitoids and pathogens (microorganisms that 
cause diseases).

After being identified, isolated and reproduced, biocontrol microorganisms are 
applied in a directed way in dilutions or released on the insect pests and diseases of 
the crops so that they can carry out their colonising action, produce antagonism, 
and specific diseases in the agents that require control, with the purpose of reduc-
ing the incidence to inoffensive levels [28]. Many microorganisms have been used 
as biopesticides because they offer a number of additional benefits beyond their 
target function [29]. An antagonist microorganism used for biological control 
must meet certain requirements, such as being genetically stable, effective at low 
concentrations, undemanding in nutrients, adapted to different environmental 
conditions, effective for a wide range of pathogenic microorganisms, easily grown, 
easily manipulated, resistant to chemical pesticides, compatible with commercial 
processes, not phytotoxic and not harmful to humans [30].

Among the microorganisms that have been most studied and reported as 
antagonists of insect pests and plant pathogens of Capsicum are bacteria such as 
Bacillus spp. and Pseudomonas spp., and the fungi Beauveria spp., Metarhizium 
spp., Paecilomyces spp., Trichoderma spp. and Clonostachys spp., while the viruses 
of the Baculovirus group have proven to be effective insect controllers. The genus 
Bacillus is made up of species that have been widely used to control insect pests and 
plant diseases due to the morphological and physiological characteristics that allow 
them to be ubiquitous in nature. It is especially important to note that species of 
this genus produce metabolites with antimicrobial properties used for the control 
of plant pathogens. In addition, the species B. thuringiensis Berliner has important 
qualities for the control of nematodes and protozoa [31, 32]. Another important 
group used in the control of insect pests in Capsicum is the entomopathogenic 
fungi, which have been widely studied. For more than a century, Pasteur predicted 
the advantages of entomopathogenic fungi because of their role as bioregulators of 
pests, acting as parasites to insects that are harmful to plants. Currently, more than 
700 species of fungi are known to affect insects of various orders and their use as 
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a biopesticide has increased during the last decade [33]. Mazón [34] indicated that 
the most important group of entomopathogenic fungi, with practical purposes for 
pest control, is constituted by Metarhizium anisopliae and Beauveria bassiana.

2.1.1 Entomopathogenic fungi

Entomopathogenic fungi (EPF) parasitize insects causing serious damage that 
can even lead to their death. The traditional mode of infecting insects with EPF 
involves the inoculation of conidia into the cuticle, followed by the formation of a 
germination tube and an appressorium which, through mechanical and enzymatic 
action, penetrates the cuticle and reaches the hemocele [35]. After the invasion of 
the hemocele, these fungi have the ability to re-cross the cuticle of the host and go 
outside, where they can continue to develop saprophytically on the insect, sporulat-
ing and turning them into new foci of dissemination of conidia [36].

EPF have potential for the control of whitefly in C. annuum cultivation. The 
effect of the B. bassiana strain M130 on T. vaporariorum adults was evaluated under 
greenhouse conditions reaching control levels of 45.3% in conidia applications to 
the foliage [14]. Its control of B. tabaci was also evaluated; applications of conidia 
in different concentrations applied to foliage had an effect on the mortality of eggs 
and nymphs of 37.8–59.04% and 38–75.9%, respectively. The highest percentages 
were reached with the highest concentrations (2 × 108 conidia/mL) of the Bb01 
strain [37]. Flower thrips are an important pest in Capsicum; they affect its leaves, 
flowers and fruits, besides transmitting several viruses, as do white flies. For the 
control of flower thrips, several EPF have been evaluated as applications of M. 
anisopliae (Met52—Bioglobal Company) by spraying the foliage (flowers and 
leaves) proved to have the same efficacy on the number of adults of F. occidentalis as 
chemical insecticides [38]. The EPF Fusarium subglutinans (strain 12A), applied at 
concentrations of 1 × 106 conidia/mL, has proven to have the greatest lethal effect 
(58%) on the second instar nymphs [39]. Other EPF, applied individually or in 
combinations, have been evaluated in the control of this insect with different levels 
of efficacy [40]. These fungi have also presented biocontrol action against several 
aphids. Trials carried out by Curtis et al. [41], where the use of different additives 
in the formulation of the EPF Verticillium lecanii (Zimmerman), now classified as 
Lecanicillium lecanii, was evaluated in applications to pepper foliage for the control 
of Myzus persicae, determined that the formulations did not manage to increase 
the efficacy of the fungus since the applications of conidia in water suspensions 
reached the lowest infection rates (<5.0%). The controlling effect of Lecanicillium 
attenuatum (Petch) (CS625) on Aphis gossypii has also been evaluated in laboratory 
trials. The evaluated strain negatively affected aphid populations by decreasing 
their life expectancy and total fertility, in addition to the direct effect on nymphs 
[42]. Moreover, these fungi have also proven to be effective in controlling mites. 
Nugroho and Bin Ibrahim [43] determined that under field conditions, B. bassiana 
was the most effective in suppressing P. latus populations (eggs per outbreak) in 
chilli peppers, in comparison with strains of M. anisopliae and P. fumosoroseus.

2.1.2 Entomopathogenic nematodes

Entomopathogenic nematodes (EPNs) are widely distributed throughout the 
world and have a large number of host insects [44]. They are soft-bodied, non-
segmented vermiform organisms that are sometimes forced or opt to parasitize 
insects. They use insects as feeding, dispersal and propagation substrates, charac-
teristics that have allowed them to be used for the biological control of insect pests. 
Naturally found in the soil, they are able to pursue and locate their host insect, 
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responding to carbon dioxide emissions, vibrations and chemical signals. They have 
potential for use in crop protection because they are easy to mass produce and harm-
less to vertebrates and plants [45, 46]. The genera most used in the biological control 
of insect pests are Steinernema spp. and Heterorhabditis spp. These nematodes estab-
lish a mutualistic association with bacteria of the family Enterobacteriaceae, which 
are Gram-negative and facultatively anaerobic. Nematodes of the genus Steinernema 
are associated with bacteria of the genus Xenorhabdus, while those of the genus 
Heterorhabditis are associated with Photorhabdus [47].

Studies by Uhan [48] showed that nematodes of the genus Steinernema caused 
between 23.9 and 78.3% mortality of S. litura in pepper plants. The effect of native 
strains of Steinernema feltiae (Filipjev) (Rhabditida: Steinernematidae) and S. 
carpocapsae (Weiser) (Rhabditida: Steinernematidae) against S. littoralis and Agriotes 
sordidus Illiger (Coleoptera: Elateridae) larvae and Ceratitis capitata (Wiedemann) 
(Diptera: Tephritidae) pupae has also been studied at laboratory and greenhouse 
levels using pepper plants, with interesting levels of control that varied depending 
on the strain and soil texture [49]. Although EPNs have been used in Capsicum 
mainly for insects that have larval stages in the soil, they have also been evaluated 
against pests that spend their entire life cycle on the aerial part of the plant. Studies 
carried out by Rezaei et al. [50] on pepper plants determined that strains of S. 
feltiae and H. bacteriophora (Koppert Biological Systems) had a biocontrol effect on 
nymphs (second stage) and adults of T. vaporariorum in foliar applications.

2.1.3 Entomopathogenic bacteria

One of the most widely used bacteria for insect control is Bacillus thuringiensis, a 
Gram-positive bacterium, which has the ability to form spores as well as synthesise 
crystalline inclusions containing one or more proteins, some of which are toxic to 
a significant number of insect pests of the orders Lepidoptera, Diptera, Coleoptera 
and Hemiptera [51–53]. Evaluations conducted under laboratory conditions deter-
mined that 17 of 40 B. thuringiensis strains achieved mortality rates of M. persicae 
ranging from 64.4 to 88.9% [54]. On the other hand, some researchers have evalu-
ated the effect of B. subtilis strains on this insect; however, no evidence was found 
of the direct effect of the biocontrol, rather the bacteria was found to promote plant 
growth by indirectly mitigating the damage caused by the insect [55, 56].

The Gram-negative bacterium Chromobacterium subtsugae presents insecticide 
activity against several orders, highlighting its biocontrol effect on B. tabaci, an 
important pest of Capsicum. Its broad-spectrum activity in insect control is related to 
multiple modes of action that probably involve different chemical compounds [57]. 
This bacterium could also control populations of F. occidentalis [58]. Recently, other 
bacteria with entomopathogenic action have been studied, such as Serratia marc-
escens. This bacterium as well as B. cereus, B. pumilus and some entomopathogenic 
fungi produce the enzyme chitinase, which has an important action in the pathoge-
nicity of insects. Studies carried out by Aggarwal et al. [59] showed that S. marcescens 
(SEN strain) has an important insecticide activity against all stages of development 
of S. litura larvae; the ingestion of this bacterium produced larvae and pupae with 
less weight, as well as negatively affecting the fertility of the eggs.

Bacteria have also been evaluated for the control of mites. Aksoy et al. [60] 
investigated the effect of the biocontrol Pseudomonas putida (Biotype B) on T. urticae 
at the laboratory level. The bacterium was applied by spraying and dipping newly 
emerged females, achieving a decrease in the total number of eggs and hatching, 
compared to their respective controls. Spraying was the most effective method 
of application. On the other hand, Burkholderia spp. (strain A396), after a heat 
treatment, showed oral toxicity and contact effects against S. exigua and T. urticae; 
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its insecticidal action could be related to the production of different bacterial 
metabolites [61]. There is another group of entomopathogenic bacteria that includes 
the endosymbionts of the entomopathogenic nematodes, of which the genera 
Xenorhabdus and Photorhabdus are especially important [62]. These bacteria can 
produce metabolites that allow them to colonise and reproduce inside insects.

Although entomopathogenic bacteria have great potential to control insects 
affecting the cultivation of C. annuum, studies with this species are still scarce.

2.2 Disease control with microorganisms

One of the main problems that negatively affect the cultivation of Capsicum is 
the presence of a phytopathogenic complex formed by the genus Fusarium, together 
with others, such as Phytophthora spp., Pythium spp. and Rhizoctonia spp., which are 
agents that cause seedlings to fall. Together, these can cause losses of between 60 
and 100% in production [63]. Nonetheless, conventional control methods have been 
insufficient and difficult to apply, in addition to the problems associated with soil 
contamination, phytotoxicity and resistance production in the target pathogen [64]. 
Considering the above, the use of beneficial microorganisms is presented as an alter-
native for the control of these pathogens, not only for soil-borne diseases but also 
for pathogens that can proliferate in the aerial part of the plant and can also com-
pensate for the negative environmental impacts caused by chemical pesticides [65]. 
Studies on the biological control of diseases through the use of microorganisms have 
recently increased, and the role of the interactions of beneficial microorganisms 
with the plant and/or the pathogen is receiving more and more attention, not only 
because of their antagonistic action but also because of their potential to promote 
plant growth, thus contributing to a more sustainable production over time [66].

Among the most commonly used microorganisms for the control of pathogens 
are fungi of the genera Trichoderma, Clonostachys, and Penicillium; and the bacteria 
Pseudomonas and Bacillus. In relation to their antagonistic activity, these present 
diverse mechanisms of action that can act independently or jointly. If the antagonist 
can express different mechanisms of action, the likelihood of developing resistance 
in the pathogen is reduced. The mechanisms of action described include competi-
tion for nutrients and space, antibiosis, parasitism (considered as an antagonistic 
symbiosis between organisms) and activation of systemic resistance. The use of 
these control agents is projected as a more efficient control alternative; however, 
there are several aspects that should be studied so that they can express their 
full potential, such as the form of application, the combined use of antagonists, 
formulation and conditions during application [67]. Moreover, the possibility that 
beneficial microorganisms may persist in the soil could be an important advantage 
over the use of pesticides. An additional advantage is that if they remain in the 
rhizosphere they are in the first line of defence against attack by soil pathogens.

2.2.1 Antagonistic fungi

A diverse group of fungi have been shown to antagonise a significant number 
of pathogens affecting Capsicum, such as Phytophthora spp., Colletotrichum spp., 
Rhizoctonia spp., Fusarium spp., and Botrytis cinerea, among others [68–72]. One 
of the most cited examples in the literature are the fungi of the genus Trichoderma, 
which due to their diversity, versatility, adaptability and easy handling have proven 
to be good candidates for commercial development as a biofungicide. Moreover, 
these fungi produce three types of propagules, hyphae, chlamydospores and 
conidia, all of which are active against pathogens in different phases of their life 
cycle, along with presenting an interesting activity promoting plant growth.
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Studies carried out by Ahmed [68] indicate that T. harzianum presents an antago-
nistic effect against the pathogen P. capsici because it significantly reduces stem 
necrosis compared to values obtained in plants inoculated only with the pathogen. 
Applications of Trichoderma spp. in jalapeño peppers were able to decrease the 
growth rate of P. capsici in addition to increasing plant growth [73]. Another soil 
fungus controlled by Trichoderma is Fusarium spp., which was confirmed in studies 
carried out by Sinha et al. [74] on chilli peppers under greenhouse conditions, 
which showed that strains of T. viride and T. harzianum reduced the incidence of 
F. oxysporum f. sp. capsici by 83.93–87.5%. Trichoderma has also been used to control 
anthracnose, which is caused by several species of Colletotrichum. Applications of 
strains of T. harzianum (BHUF4) and T. asperellum (T16A) promote the accumula-
tion of the phenol that stimulates the expression of the defence gene, both of which 
have proven to induce and acquire systemic resistance, providing a solid protection 
against C. truncatum [72]. Studies carried out by Rahman et al. [71] also determined 
that Trichoderma spp. had a biocontrol effect on C. capsici in chilli peppers since 
they managed to decrease the percentage of infection in fruit, although the strain 
T. harzianum (IMI-392433) presented the best antagonistic effect against this 
pathogen, all the strains (T. harzianum, T. viride and T. pseudokoningii) presented a 
promoter effect in plant growth and higher fruit yield.

The Clonostachys fungus also presents important characteristics in the biological 
control of pathogenic fungi. Nobre et al. [69] determined that strains of C. rosea were 
able to suppress more than 80% of the sporulation of B. cinerea in chilli peppers and 
tomatoes. Another fungus studied for disease control in Capsicum is Xylaria poitei. 
The antagonistic activity in vivo and the protection that Xylaria poitei provided chilli 
pepper seedlings against the pathogen P. capsici were evaluated. This antagonist 
allowed the survival of 58.3% of the seedlings, while seedlings inoculated only with 
the pathogen showed 100% mortality [75].

2.2.2 Antagonistic bacteria

Several species of Bacillus are known for their antagonistic capacity against 
pathogens that cause disease in plants; many of these are also considered because 
they could have a direct action in disease control as a result of the production of 
metabolites or indirectly by promoting growth. These bacteria act not only on soil-
borne diseases but also on leaf and fruit pathogens [76–78]. Diverse studies have 
provided evidence that plant growth-promoting bacteria have the ability to activate 
systemic resistance induced by the activation of physical or chemical defences of 
the host plant by an inducing agent [79].

Studies carried out by Yu et al. [77] determined that applications of B. subtilis 
(CAS15 strain) significantly suppressed spore germination of F. oxysporum f. sp. 
capsici by 8–64%. In addition, the incidence of the disease was much lower in plants 
treated with the bacteria compared to the control (12.5–56.9%); these results are 
attributed to the induction of systemic resistance. This bacterium has also been 
used in Capsicum for the control of the anthracnose disease in chilli plants caused by 
Colletotrichum gloeosporioides (OGC1 strain). Seeds treated with the bacterium showed 
a 65% decrease in disease incidence compared to seeds treated with the pathogen 
alone [78]. Some Bacillus species have also been evaluated in the control of diseases 
caused by pathogenic bacteria, such as pepper bacterial wilt caused by Ralstonia 
solanacearum, an important Capsicum disease [79]. The application of B. amyloliquefa-
ciens (strain Bg-C31) and its metabolites significantly reduced the percentage of plants 
affected by R. solanacearum at the field level and in pepper pots [80].

Pseudomonas is another group of bacteria used for disease control in 
Capsicum; among these, the most reported is P. fluorescens which has been shown 
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to have a biocontrol effect on pathogens and also some phytoparasitic nematodes 
[81, 82]. Basu [83] evaluated the effect of P. fluorescens on Ralstonia solanacearum 
in chilli pepper plants and determined that combined applications of the antago-
nist to the seed and the soil resulted in the lowest percentages of disease inci-
dence (0.83–10.82%), compared to the control which was inoculated only with 
the pathogen (9.99–44.96%).

Many bacteria have demonstrated an important potential for the control of 
diseases caused by fungi and bacteria; nevertheless, many of them have been 
evaluated under controlled conditions, which makes it necessary to concentrate 
efforts to increase the number of field level trials, and thus determine the real 
potential of being incorporated into the cultivation of Capsicum.

2.3 Nematodes with microorganisms

Infestation of peppers by nematodes, such as Meloidogyne spp., is one of the major 
problems for pepper production worldwide [84]. They attack the roots, leading to root 
system dysfunction, reduced rooting volume, inefficient use of water and nutrients, 
reduced crop and plant growth and yield [85]. Another nematode that causes damage 
in Capsicum is the false root-knot nematode, Nacobbus aberrans, which is associated 
with F. oxysporum and P. capsici, and can cause up to 100% crop loss [86]. For its 
control, chemical nematicides are applied; however, in the cultivation of C. annuum, its 
use has been restricted due to its toxicity levels, residual elements in the environment 
and the selection of resistant nematode populations [87].

An alternative for the biological control of phytoparasitic nematodes is nema-
tophagous fungi. These ubiquitous microorganisms are capable of modifying their 
saprophytic behaviour and can feed on nematodes in unfavourable nutritional condi-
tions. They are natural enemies of nematodes and have developed highly sophisti-
cated infection strategies [88]. They are classified into three groups according to their 
predation characteristics. First are the nematode traps or predators (their modified 
hyphae form traps and through a chemical and mechanical process they digest the 
nematode), second are the opportunists or ovicides (they form traps to catch eggs, 
cysts and females) and finally the endoparasites (forced parasites of the nematodes 
that use their spores as structures of infection, which can adhere to the cuticle of the 
nematode or be ingested) [89, 90].

Paecilomyces lilacinus have a negative effect on the root nodulation produced by 
M. incognita in peppers [91]. Another trial used B. bassiana strains and determined 
that applications of this fungus to the substrate in pepper plants decrease the 
number of root nodules caused by M. incognita [92]. The combination of nema-
tophagous fungi has also been evaluated on M. incognita. Studies carried out by 
Requena Candela [93] demonstrated the antagonistic effect of the combination of 
P. lilacinus and T. harzianum by reaching decreases in the incidence of nematodes 
close to 70%. Pérez-Rodríguez et al. [94] evaluated the nematophagous action of 
the fungus Pochonia chlamydosporia for the control of N. aberrans nematodes in 
broad chilli peppers and determined that the combination of vermicompost with 
the nematophagous achieves a reduction in the number of juvenile nematodes, the 
number of eggs and females per gram of roots, as well as increasing the dry matter 
of the plants.

2.4  Endophytic microorganisms for the control of insect pests  
and plant diseases

Endophytes are defined as microorganisms that spend most or all of their 
life cycle colonising host plant tissues without causing obvious damage [95]. 
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Endophytes are associated with most plant species, are naturally found in the 
ecosystem and are considered an extremely important partner for plants [96, 97]. 
These microorganisms have been of interest for study during the last few years due 
to the beneficial characteristics they are able to bestow onto their hosts [98], among 
which are the promotion of plant growth, inhibition of pathogenic organisms, 
control of insect pests, removal of contaminants from the soil and increased toler-
ance to extreme conditions of temperature, water availability and salinity [99–101]. 
Consequently, they have an important future in agrifood production.

Currently, several studies have shown that endophytic fungi can protect host 
plants against pathogens and herbivores [102, 103]. Some endophytes, when 
artificially inoculated, can confer the beneficial characteristics mentioned above to 
their hosts, as they can influence key aspects of physiology. The host plant receives 
multiple benefits from its interaction with the endophyte in exchange for carbon-
based resources [104]. The type of interaction used by endophyte biological control-
lers is not yet clear [105], but it is believed that this type of interaction is established 
through a process of co-evolution [106].

These fungi generate interspecific interactions and protection against the inci-
dence of pathogens produced by direct mechanisms such as competition, parasitism, 
antibiosis and indirect mechanisms such as induction of resistance [97, 104]. The 
activation of systemic resistance in the plant may be due to the presence of endophytic 
fungi, a mechanism that has already been shown to be effective against other fungal 
pathogens [107]. On the other hand, among the most important reported mecha-
nisms for pest control are parasitism by ingestion [108], antagonism by the action of 
metabolites [109, 110], systemic resistance [111] and a tritrophic action [112].

Works carried out by Barra-Bucarei et al. [113] present the first report of the 
endophyte B. bassiana with antagonistic action against Botrytis cinerea in chilli 
pepper plants. Five native strains were evaluated, and the percentage of leaf 
area affected by the pathogen (PSAP) was determined. Plants inoculated with 
endophytes showed 2 to 18% of PSAP compared with plants treated only with the 
pathogen, which exhibited early symptoms of the disease with a PSAP of 63%. 
Another study conducted by the same authors (unpublished data) demonstrated 
that the same strains are endophytic (Figure 1) and reduced the symptoms caused 

Figure 1. 
Endophytic colonisation of B. bassiana strains in chilli pepper plants (leaves, stems and roots), 30 days after 
inoculation (n = 5). Data represent the mean standard error. Different letters over the bars represent significant 
differences among the treatments according to the Fisher’s LSD test (p < 0.05).
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by F. oxysporum in chilli pepper plants, increasing dry matter and decreasing 
the level of leaf chlorosis in adult plants, making the plants more resistant to the 
attack of this pathogen (Figure 2). These studies coincide with research con-
ducted by Jaber and Alananbeh [103], in pepper plants which provided evidence 
that commercial strains of B. bassiana (Naturalis) and M. brunneum (Bipesco5) 
can inhibit the growth of several species of Fusarium (F. oxysporum, F. culmorum 
and F. moniliforme) in vitro and in potting trials.

3. Conclusion

With the increase of the world population, it is urgent for the development of 
sustainable strategies to improve food availability. Capsicum annuum is an excellent 
source of natural health-related compounds, such as micronutrients and antioxi-
dants; its fruits have been used for fresh and cooked consumption. The crop of this 
vegetable can be negatively affected by biotic factors, provoking decreased yields. 
In this chapter reviewed, we have provided evidence of the potential that micro-
organisms present for the control of insect pests, plant diseases, and nematodes 
in the Capsicum crop. There are a significant number of investigations carried out 
under laboratory conditions with good biocontrol results; however, it is necessary to 
increase the number of field studies and application methods, since environmental 

Figure 2. 
In vivo antagonism of B. bassiana (565) against F. oxysporum (Fo). Plants inoculated with F. oxysporum 
(Fo) showed chlorosis and plants inoculated with B. bassiana RGM565 + Fo showed no symptoms, 45 days 
after inoculation (n = 10).



11

Biological Control in Capsicum with Microbial Agents
DOI: http://dx.doi.org/10.5772/intechopen.93509

Author details

Lorena Barra-Bucarei1* and Javiera Ortiz2

1 Instituto de Investigaciones Agropecuarias, Chillán, Chile

2 Universidad de Concepción, Chillán, Chile

*Address all correspondence to: lorena.barra@inia.cl

conditions could condition the behaviour of microorganisms and not reach the 
same levels of efficacy obtained under controlled conditions. In addition, it is 
necessary to study the ecological behaviour of beneficial microorganisms and their 
interaction with others. The biocontrol microbial agents can fulfil diverse functions 
in plants and give an eco-friendly approach to promoting sustainable agriculture.

Conflict of interest

The authors declare no conflict of interest.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



12

Capsicum

[1] Mongkolporn O, Taylor PW. 
Capsicum. In: Wild Crop Relatives: 
Genomic and Breeding Resources. 
Berlin, Heidelberg: Springer; 2011.  
pp. 43-57

[2] Estrada B, Bernal MA, Díaz J, 
Pomar F, Merino F. Capsaicinoids in 
vegetative organs of Capsicum annuum 
L. in relation to fruiting. Journal of 
Agricultural and Food Chemistry. 
2002;50(5):1188-1191

[3] Surh YJ, Lee SS. Capsaicin in 
hot chili pepper: Carcinogen, 
co-carcinogen or anticarcinogen? 
Food and Chemical Toxicology. 
1996;34(3):313-316

[4] Oerke EC, Dehne HW. Safeguarding 
production—Losses in major crops 
and the role of crop protection. Crop 
Protection. 2004;23(4):275-285

[5] López-Marín J, González A, 
Pérez-Alfocea F, Egea-Gilabert C, 
Fernández JA. Grafting is an efficient 
alternative to shading screens to 
alleviate thermal stress in greenhouse-
grown sweet pepper. Scientia 
Horticulturae. 2013;149:39-46

[6] Zhu J, Wang J, Ding Y, Liu B, 
Xiao W. A systems-level approach for 
investigating organophosphorus 
pesticide toxicity. Ecotoxicology and 
Environmental Safety. 2018;49:26-35

[7] Jensen SE. Insecticide resistance 
in the western flower thrips, 
Frankliniella occidentalis. Integrated 
Pest Management Reviews. 
2000;5(2):131-146

[8] Punja ZK, Rodriguez G, Tirajoh A,  
Formby S. Role of fruit surface 
mycoflora, wounding and storage 
conditions on post-harvest disease 
development on greenhouse tomatoes. 
Canadian Journal of Plant Pathology. 
2016;38(4):448-459

[9] Mahasuk P, Taylor PWJ, 
Mongkolporn O. Identification of 
two new genes conferring resistance 
to Colletotrichum acutatum in 
Capsicum baccatum. Phytopathology. 
2009;99(9):1100-1104

[10] Pernezny K, Elliott M, 
Palmateer A, Havranek N. Guidelines 
for identification and management 
of plant disease problems: Part II. 
Diagnosing plant diseases caused by 
fungi, bacteria and viruses [Internet]. 
Florida: University of Florida, Plant 
Pathology Department, UF/IFAS 
Extension publication; 2016. pp. 1-8. 
Available from: http://edis.ifas.ufl.edu

[11] Chaim AB, Grube RC, Lapidot M,  
Jahn M, Paran I. Identification of 
quantitative trait loci associated 
with resistance to cucumber 
mosaic virus in Capsicum annuum. 
Theoretical and Applied Genetics. 
2001;102(8):1213-1220

[12] Genda Y, Sato K, Nunomura O, 
Hirabayashi T, Ohnishi J, Tsuda S. 
Immunolocalization of pepper mild 
mottle virus in Capsicum annuum seeds. 
Journal of General Plant Pathology. 
2005;71(3):238-242

[13] Moodley V, Ibaba JD, Naidoo R, 
Gubba A. Full-genome analyses of a 
potato virus Y (PVY) isolate infecting 
pepper (Capsicum annuum L.) in the 
Republic of South Africa. Virus Genes. 
2014;49(3):466-476

[14] Kumar NKK. Yield loss in chilli and 
sweet pepper due to Scirtothrips dorsalis 
Hood (Thysanoptera: Thripidae). Pest 
Management in Horticulture Ecosystem. 
1995;1(2):61-69

[15] Reddy DNR. Pests infesting 
chilli (Capsicum annuum L.) - II. 
In the transplanted crop. Mysore 
Journal of Agricultural Sciences. 
1983;17(3):246-251

References



13

Biological Control in Capsicum with Microbial Agents
DOI: http://dx.doi.org/10.5772/intechopen.93509

[16] Venzon M, Amaral DSSL, Perez AL, 
Cruz FAR, Togni PHB. Oliveira RM 
Identificação e manejo ecológico de 
pragas da cultura da pimenta. Belo 
Horizonte: EPAMIG; 2011. p. 40

[17] Meena RS, Ameta OP,  
Meena BL. Population dynamics of 
sucking pests and their correlation 
with weather parameters in chilli, 
Capsicum annuum L. crop. The Bioscan. 
2013;8(1):177-180

[18] Hodges GS, Evans GA. An 
identification guide to the whiteflies 
(Hemiptera: Aleyrodidae) of the 
Southeastern United States. Florida 
Entomologist. 2005:88(4);518-534

[19] Choi WI, Lee EH, Choi BR,  
Park HM, Ahn YJ. Toxicity of 
plant essential oils to Trialeurodes 
vaporariorum (Homoptera: Aleyrodidae). 
Journal of Economic Entomology. 
2003;96(5):1479-1484

[20] Cloyd RA. Western flower thrips 
(Frankliniella occidentalis) management 
on ornamental crops grown in 
greenhouses: Have we reached an 
impasse. Pest Technology. 2009;3(1):1-9

[21] Kim CS, Lee JB, Kim BS, Nam YH, 
Shin KS, Kim JW, et al. Una técnica para 
la prevención de la mosca blanca de 
invernadero (Trialeurodes vaporariorum) 
utilizando el hongo entomopatógeno 
Beauveria bassiana M130. Journal of 
Microbiology and Biotechnology. 
2014;24(1):1-7

[22] Shahid S, Khan A. Spatial 
pattern analysis of three nematod 
populations associated with chilli. 
Fundamental and Applied Nematology. 
1993;16(5):473-478

[23] Khan Z, Tiyagi SA, Mahmood I,  
Rizvi R. Effects of N fertilisation, 
organic matter, and biofertilisers on the 
growth and yield of chilli in relation 
to management of plant-parasitic 
nematodes. Turkish Journal of Botany. 
2012;36(1):73-81

[24] Khan B, Khan AA, Khan MR. 
Pathogenic variability among isolates 
of Meloidogyne javanica on Capsicum 
annuum. Journal of Nematology. 
2003;35(4):430

[25] Villar-Luna E, Goméz-Rodriguez O, 
Rojas-Martínez RI, Zavaleta-Mejía E. 
Presence of Meloidogyne enterolobii on 
Jalapeño pepper (Capsicum annuum L.) 
in Sinaloa, Mexico. Helminthologia. 
2016;53(2):155-160

[26] Djian-Caporalino C. Root-knot 
nematodes (Meloidogyne spp.), 
a growing problem in French 
vegetable crops. EPPO Bulletin. 
2012;42(1):127-137

[27] Hoffmann MP, Frodsham A. 
Natural Enemies of Vegetable Insect 
Pests. Ithaca: Cooperative Extension, 
Cornell University; 1993

[28] Suquilanda M. La Producción 
Orgánica de cultivos en el Ecuador. In: 
Presentado en el Seminario “Procesos 
de certificación y producción orgánica”. 
Ecuador: AGEAPSE; 2001

[29] Glare T, Caradus J, Gelernter W, 
Jackson T, Keyhani N, Köhl J, et al. Have 
biopesticides come of age? Trends in 
Biotechnology. 2012;30(5):250-258

[30] Spadaro D, Gullino ML. State of 
the art and future prospects of the 
biological control of postharvest fruit 
diseases. International Journal of Food 
Microbiology. 2004;91(2):185-194

[31] Vankova J. Study of the effect of 
Bacillus thuringiensis on insects. Folia 
Biologica. 1957;3:175-182

[32] Smith RA, Couche GA. The 
phylloplane as a source of Bacillus 
thuringiensis variants. Applied 
and Environmental Microbiology. 
1991;57(1):311-315

[33] Shah FA, Ansari MA, Watkins J, 
Phelps Z, Cross J, Butt TM. Influence 



Capsicum

14

of commercial fungicides on the 
germination, growth and virulence of 
four species of entomopathogenic fungi. 
Biocontrol Science and Technology. 
2009;19(7):743-753

[34] Mazón A. Producción, uso y control 
de calidad de hongos entomopatógenos 
en Nicaragua. In: Manejo Integrado de 
plagas. Vol. 63. Costa Rica: CATIE; 2001. 
pp. 95-103

[35] Hajek AE, St. Leger RJ. Interactions 
between fungal pathogens and insect 
hosts. Annual Review of Entomology. 
1994;39(1):293-322

[36] Meyling NV, Eilenberg J. Ecology of 
the entomopathogenic fungi Beauveria 
bassiana and Metarhizium anisopliae in 
temperate agroecosystems: Potential 
for conservation biological control. 
Biological Control. 2007;43(2):145-155

[37] Zafar J, Freed S, Khan BA, 
Farooq M. Effectiveness of Beauveria 
bassiana against cotton whitefly, Bemisia 
tabaci (Gennadius) (Aleyrodidae: 
Homoptera) on different host 
plants. Pakistan Journal of Zoology. 
2016;48(1):91-99

[38] Dura O, Dura S, Bilen E. 
Determination of the effective dose 
of Metarhizium anisopliae str. F 52 
for biological control of western 
flower thrips on pepper plant. Bahçe. 
2012;41(1):1-7

[39] Demirözer O, Uzun A, Arici ŞE, 
Gep İ, Bakay R. Insecticidal effect of 
Fusarium subglutinans on Frankliniella 
occidentalis (Pergande) (Thysanoptera: 
Thripidae). Hellenic Plant Protection 
Journal. 2016;9(2):66-72

[40] Gao Y, Reitz SR, Wang J, Xu X,  
Lei Z. Potential of a strain of the 
entomopathogenic fungus Beauveria 
bassiana (Hypocreales: Cordycipitaceae) 
as a biological control agent against 
western flower thrips, Frankliniella 
occidentalis (Thysanoptera: Thripidae). 

Biocontrol Science and Technology. 
2012;22(4):491-495

[41] Curtis JE, Price TV, Ridland PM.  
Initial development of a spray 
formulation which promotes 
germination and growth of the fungal 
entomopathogen Verticillium lecanii 
(Deuteromycotina: Hyphomycetes) 
on Capsicum leaves (Capsicum annuum 
grossum) and infection of Myzus 
persicae Sulzer (Homoptera: Aphididae). 
Biocontrol Science and Technology. 
2003;13(1):47-63

[42] Kim JJ. Influence of Lecanicillium 
attenuatum on the development and 
reproduction of the cotton aphid, Aphis 
gossypii. BioControl. 2007;52(6):789-799

[43] Nugroho I, Bin Ibrahim Y. Efficacy 
of laboratory prepared wettable powder 
formulation of entomopathogenous 
fungi Beauveria bassiana, Metarhizium 
anisopliae and Paecilomyces fumosoroseus 
against the Polyphagotarsonemus latus 
(Bank) (Acari: Tarsonemidae) (broad 
mite) on Capsicum annuum (chilli). 
Journal of Biosciences. 2007;18(1):1-11

[44] Hominick WM. Biogeography. 
Entomopathogenic Nematology. 
2002;1:115-143

[45] Grewal PS. Formulation 
and Application Technology. In: 
Entomopathogenic Nematology. CABI 
Publishing; 2002. pp. 265-287

[46] Dillman AR, Sternberg PW. 
Entomopathogenic nematodes. Current 
Biology. 2012;22(11):R430-R431

[47] Godjo A, Afouda L, Baimey H, 
Decraemer W, Willems A. Molecular 
diversity of Photorhabdus and 
Xenorhabdus bacteria, symbionts 
of Heterorhabditis and Steinernema 
nematodes retrieved from soil in 
Benin. Archives of Microbiology. 
2018;200(4):589-601

[48] Uhan TS. Bioefikasi beberapa isolat 
nematoda entomopatogenik Steinernema 



15

Biological Control in Capsicum with Microbial Agents
DOI: http://dx.doi.org/10.5772/intechopen.93509

spp. terhadap Spodoptera litura Fabricius 
pada tanaman cabai di rumah kaca. 
Jurnal Hortikultura. 2008;18(2):175-184

[49] Campos-Herrera R, Gutiérrez C.  
Screening Spanish isolates of 
steinernematid nematodes for use 
as biological control agents through 
laboratory and greenhouse microcosm 
studies. Journal of Invertebrate 
Pathology. 2009;100(2):100-105

[50] Rezaei N, Karimi J, Hosseini M,  
Goldani M, Campos-Herrera R. 
Pathogenicity of two species of 
entomopathogenic nematodes against 
the greenhouse whitefly, Trialeurodes 
vaporariorum (Hemiptera: Aleyrodidae), 
in laboratory and greenhouse 
experiments. Journal of Nematology. 
2015;47(1):60

[51] MacIntosh SC, Stone TB, Sims SR, 
Hunst PL, Greenplate JT, Marrone PG, 
et al. Specificity and efficacy of purified 
Bacillus thuringiensis proteins against 
agronomically important insects. 
Journal of Invertebrate Pathology. 
1990;56(2):258-266

[52] Porcar M, Grenier AM, Federici B, 
Rahbé Y. Effects of Bacillus thuringiensis 
δ-endotoxins on the pea aphid 
(Acyrthosiphon pisum). Applied 
and Environmental Microbiology. 
2009;75(14):4897-4900

[53] Palma L, Muñoz D, Berry C,  
Murillo J, De Escudero IR, Caballero P.  
Molecular and insecticidal 
characterization of a novel Cry-related 
protein from Bacillus thuringiensis 
toxic against Myzus persicae. Toxins. 
2014;6(11):3144-3156

[54] Torres-Quintero MC, Arenas- 
Sosa I, Hernández-Velázquez VM, 
Suárez-Rodríguez R, Peña-Chora G. 
Characterization of Bacillus thuringiensis 
(Bacillaceae) strains pathogenic 
to Myzus persicae (Hemiptera: 
Aphididae). Florida Entomologist. 
2016;99(4):639-643

[55] Herman MAB, Nault BA, Smart CD. 
Effects of plant growth-promoting 
rhizobacteria on bell pepper production 
and green peach aphid infestations 
in New York. Crop Protection. 
2008;27(6):996-1002

[56] Mardani-Talaee M, Razmjou J, 
Nouri-Ganbalani G, Hassanpour M, 
Naseri B. Impact of chemical, organic 
and bio-fertilizers application on 
bell pepper, Capsicum annuum 
L. and biological parameters of 
Myzus persicae (Sulzer) (Hem.: 
Aphididae). Neotropical Entomology. 
2017;46(5):578-586

[57] Ruiu L. Insect pathogenic bacteria 
in integrated pest management. Insects. 
2015;6(2):352-367

[58] Kivett JM. Efficacy of 
entomopathogenic organisms 
Beauveria bassiana, Isaria fumosoroseus, 
Metarhizium anisopliae and 
Chromobacterium subtsugae against the 
western flower thrips, Frankliniella 
occidentalis, under both laboratory 
and greenhouse conditions [doctoral 
dissertation]. Kansas: Kansas State 
University; 2015

[59] Aggarwal C, Paul S, Tripathi V, 
Paul B, Khan MA. Chitinolytic activity 
in Serratia marcescens (strain SEN) and 
potency against different larval instars 
of Spodoptera litura with effect of 
sublethal doses on insect development. 
BioControl. 2015;60(5):631-640

[60] Aksoy HM, Ozman-Sullivan SK, 
Ocal H, Celik N, Sullivan GT. The 
effects of Pseudomonas putida biotype 
B on Tetranychus urticae (Acari: 
Tetranychidae). In: Diseases of Mites and 
Ticks. Dordrecht: Springer; 2008.  
pp. 223-230

[61] Cordova-Kreylos AL, 
Fernandez LE, Koivunen M, Yang A, 
Flor-Weiler L, Marrone PG. Isolation 
and characterization of Burkholderia 
rinojensis sp. nov., a non-Burkholderia 



Capsicum

16

cepacia complex soil bacterium 
with insecticidal and miticidal 
activities. Applied and Environmental 
Microbiology. 2013;79(24):7669-7678

[62] Burnell A, Stock SP. Heterorhabditis, 
Steinernema and their bacterial 
symbionts—Lethal pathogens of 
insects. Nematology. 2000;2(1):31-42

[63] Villa-Martínez A, Pérez-Leal R, 
Morales-Morales HA, Basurto-Sotelo M, 
Soto-Parra JM, Martínez-Escudero E. 
Situación actual en el control de 
Fusarium spp. y evaluación de la 
actividad antifúngica de extractos 
vegetales. Acta Agronómica. 
2015;64(2):194-205

[64] Rajkumar M, Lee WH, Lee KJ. 
Screening of bacterial antagonists 
for biological control of Phytophthora 
blight of pepper. Journal of Basic 
Microbiology: An International 
Journal on Biochemistry, Physiology, 
Genetics, Morphology, and Ecology of 
Microorganisms. 2005;45(1):55-63

[65] Das MM, Haridas M, Sabu A. 
Biological control of black pepper 
and ginger pathogens, Fusarium 
oxysporum, Rhizoctonia solani and 
Phytophthora capsici, using Trichoderma 
spp. Biocatalysis and Agricultural 
Biotechnology. 2019;17:177-183

[66] Gautam AK, Shubhi A. Fungal 
endophytes: Potential biocontrol agents 
in agriculture. In: Kumar A, Singh AK, 
Choudrary KK, editors. Role of Plant 
Growth Promoting Microorganisms 
in Sustainable Agriculture and 
Nanotechnology. Duxford, UK: 
Woodhead Publishing; 2019. pp. 241-283

[67] Abeysinghe S. Effect of combined 
use of Bacillus subtilis CA32 and 
Trichoderma harzianum RU01 on 
biological control of Rhizoctonia solani 
on Solanum melongena and Capsicum 
annuum. Plant Pathology Journal 
(Faisalabad). 2009;8(1):9-16

[68] Ahmed AS, Ezziyyani M, 
Sánchez CP, Candela ME. Effect of 
chitin on biological control activity 
of Bacillus spp. and Trichoderma 
harzianum against root rot disease in 
pepper (Capsicum annuum) plants. 
European Journal of Plant Pathology. 
2003;109(6):633-637

[69] Nobre SA, Maffia LA, 
Mizubuti ES, Cota LV, Dias APS. 
Selection of Clonostachys rosea isolates 
from Brazilian ecosystems effective in 
controlling Botrytis cinerea. Biological 
Control. 2005;34(2):132-143

[70] Pandey AP, Zacharia S, Patil NB. 
Comparative efficacy of different 
methods of application of Trichoderma 
harazianum Rifai. in the management of 
dry root rot of chilli (Capsicum annuum) 
caused by Rhizoctonia solani (kuhn). 
International Journal of Current 
Microbiology and Applied Sciences. 
2017;6(3):482-489

[71] Rahman MA, Ansari TH, 
Alam MF, Moni JR, Ahmed M. Efficacy 
of Trichoderma against Colletotrichum 
capsici causing fruit rot due to 
anthracnose of chili (Capsicum 
annuum L.). The Agriculturists. 
2018;16(02):75-87

[72] Saxena A, Mishra S, Ray S, 
Raghuwanshi R, Singh HB. Differential 
reprogramming of defense network 
in Capsicum annuum L. plants against 
Colletotrichum truncatum infection 
by phyllospheric and rhizospheric 
Trichoderma strains. Journal of Plant 
Growth Regulation. 2020;39:751-763

[73] López CG, González PAG. Selección 
de cepas nativas de Trichoderma 
spp. con actividad antagónica 
sobre Phytophthora capsici Leonian 
y promotoras de crecimiento en el 
cultivo de chile (Capsicum annuum L.). 
Revista Mexicana de Fitopatología. 
2004;22(1):117-124

[74] Sinha A, Harshita D, Singh R, 
Verma A. Bioefficacy of Trichoderma 



17

Biological Control in Capsicum with Microbial Agents
DOI: http://dx.doi.org/10.5772/intechopen.93509

harzianum and Trichoderma viride 
against Fusarium oxysporum f. sp. capsici 
causing wilt disease in chilli. Journal of 
Pharmacognosy and Phytochemistry. 
2018;7(5):965-966

[75] Ramos-Sandoval RU, 
Gutiérrez-Soto JG, Rodríguez- 
Guerra R, Salcedo-Martínez SM, 
Hernández-Luna CE, Luna-Olvera HA, 
et al. Antagonismo de dos ascomicetos 
contra Phytophthora capsici 
Leonian, causante de la marchitez 
del chile (Capsicum annuum L.). 
Revista mexicana de fitopatología. 
2010;28(2):75-86

[76] El-Hamshary OIM, Khattab AA. 
Evaluation of antimicrobial activity of 
Bacillus subtilis and Bacillus cereus and 
their fusants against Fusarium solani. 
Research Journal of Cell and Molecular 
Biology. 2008;2:24-29

[77] Yu X, Ai C, Xin L, Zhou G. The 
siderophore-producing bacterium, 
Bacillus subtilis CAS15, has a 
biocontrol effect on Fusarium wilt 
and promotes the growth of pepper. 
European Journal of Soil Biology. 
2011;47(2):138-145

[78] Ashwini N, Srividya S. Potentiality 
of Bacillus subtilis as biocontrol agent 
for management of anthracnose disease 
of chilli caused by Colletotrichum 
gloeosporioides OGC1. 3 Biotech. 
2014;4(2):127-136

[79] Knapp S, Bohs L, Nee M, 
Spooner DM. Solanaceae—A model for 
linking genomics with biodiversity. 
Comparative and Functional Genomics. 
2004;5(3):285-291

[80] Hu HQ , Li XS, He H. 
Characterization of an antimicrobial 
material from a newly isolated Bacillus 
amyloliquefaciens from mangrove for 
biocontrol of Capsicum bacterial wilt. 
Biological Control. 2010;54(3):359-365

[81] Abuzar S. Antagonistic effects of 
some fluorescent Pseudomonas strains 

against root rot fungi (Rhizoctonia 
solani and Fusarium oxysporum) and 
root-knot nematodes (Meloidogyne 
incognita) on chili (Capsicum annuum). 
World Applied Sciences Journal. 
2013;27(11):1455-1460

[82] Thiyagarajan SS, Kuppusamy H.  
Biological control of root knot 
nematodes in chillies through 
Pseudomonas fluorescens’s antagonistic 
mechanism. Plant Science. 
2014;2:152-158

[83] Basu A. Bio-efficacy of Pseudomonas 
fluorescens (7% WP and 5% SC 
formulations) against bacterial wilt 
disease of chili. Asia Pacific Journal 
of Sustainable Agriculture, Food and 
Energy. 2014;2(2):36-40

[84] Affokpon A, Coyne DL, 
Htay CC, Agbèdè RD, Lawouin L, 
Coosemans J. Biocontrol potential of 
native Trichoderma isolates against 
root-knot nematodes in West African 
vegetable production systems. 
Soil Biology and Biochemistry. 
2011;43(3):600-608

[85] Kong C, Zhai C, Li J, Zhang J, 
Zhang K, Liu Y. Evaluation of Stropharia 
sp. 1.2052 nematicidal effects against 
Meloidogyne incognita on tomato. 
African Journal of Microbiology 
Research. 2013;7(50):5737-5741

[86] Lax P, Dueñas JCR, Ramos D, 
Doucet ME, Braga R, Kobori R. Host 
suitability of peppers to the false root-
knot nematode Nacobbus aberrans. Crop 
Protection. 2016;79:15-19

[87] Xie H, Yan D, Mao L, Wang Q , Li Y, 
Ouyang C, et al. Evaluation of methyl 
bromide alternatives efficacy against 
soil-borne pathogens, nematodes and 
soil microbial community. PLoS One. 
2015;10(2):e0117980

[88] De Freitas Soares FE, Sufiate BL, 
de Queiroz JH. Nematophagous fungi: 
Far beyond the endoparasite, predator 



Capsicum

18

and ovicidal groups. Agriculture and 
Natural Resources. 2018;52(1):1-8

[89] Braga FR, de Araújo JV. 
Nematophagous fungi for biological 
control of gastrointestinal nematodes  
in domestic animals. Applied 
Microbiology and Biotechnology. 
2014;98(1):71-82

[90] Hamza MA, Lakhtar H, Tazi H, 
Moukhli A, Fossati-Gaschignard O, 
Miche L, et al. Diversity of 
nematophagous fungi in Moroccan olive 
nurseries: Highlighting prey-predator 
interactions and efficient strains 
against root-knot nematodes. Biological 
Control. 2017;114:14-23

[91] Santillán GF, Rebaza LC, Ruiz JC. 
Eficacia de Paecilomyces lilacinus en el 
control de Meloidogyne incognita que 
ataca al cultivo de Capsicum annuum, 
“pimiento piquillo”. Fitosanidad. 
2016;20(3):109-119

[92] Fernández Bocanegra FJ. 
Efecto de Beauveria bassiana sobre 
Meloidogyne incognita en el número 
de nódulos radiculares en plantas 
de Capsicum annuum L. cv. Piquillo 
cultivadas en invernadero [Tesis 
Biólogo-microbiólogo]. Trujillo, Perú: 
Universidad Nacional de Trujillo; 2015. 
Available from: http://dspace.unitru.
edu.pe/handle/UNITRU/4545

[93] Requena Candela AM. Control 
biológico de Meloidogyne incognita 
en pimiento (Capsicum annuum) 
[Tesis doctoral]. Cartagena, España: 
Universidad Politécnica de Cartagena; 
2013. Available from: https://repositorio.
upct.es/handle/10317/4019

[94] Perez-Rodríguez I, Franco- 
Navarro F, del Prado-Vera IC, 
Zavaleta-Mejia E. Control of Nacobbus 
aberrans in chili pepper (Capsicum 
annuum L.) by the combination of 
organic amendments, nematophagous 
fungi and nematicides. Nematropica. 
2011;41(1):122-129

[95] Bascom-Slack CA, Arnold AE,  
Strobel SA. Student-directed 
discovery of the plant microbiome 
and its products. Science. 
2012;338(6106):485-486

[96] Hallmann J, Quadt-Hallmann A, 
Mahaffee WF, Kloepper JW. Bacterial 
endophytes in agricultural crops. 
Canadian Journal of Microbiology. 
1997;43(10):895-914

[97] Arnold A, Maynard Z, Gilbert G,  
Coley P, Kursar T. Are tropical 
endophytic fungi hyper diverse. Ecology 
Letters. 2000;3:267-274

[98] Aly AH, Debbab A, Kjer J, 
Proksch P. Fungal endophytes from 
higher plants: A prolific source of 
phytochemicals and other bioactive 
natural products. Fungal Diversity. 
2010;41(1):1-16

[99] Quesada-Moraga E, Muñoz- 
Ledesma FJ, Santiago-Alvarez C. 
Systemic protection of Papaver 
somniferum L. against Iraella luteipes 
(Hymenoptera: Cynipidae) by an 
endophytic strain of Beauveria 
bassiana (Ascomycota: Hypocreales). 
Environmental Entomology. 
2009;38(3):723-730

[100] Ownley B, Gwinn K, Vega F. 
Endophytic fungal entomopathogens 
with activity against plant pathogens: 
Ecology and evolution. BioControl. 
2010;55:113-128

[101] Kauppinen M, Saikkonen K, 
Helander M, Pirttilä AM, Wäli PR. 
Epichloë grass endophytes in sustainable 
agriculture. Nature Plants. 2016;2:15224

[102] Vega F, Posada F, Aime M, 
Pava-Ripoll M, Infante F, Rehner S. 
Entomopathogenic fungal endophytes. 
Biological Control. 2008;46:72-82

[103] Jaber LR, Alananbeh KM. Fungal 
entomopathogens as endophytes reduce 
several species of Fusarium causing 



19

Biological Control in Capsicum with Microbial Agents
DOI: http://dx.doi.org/10.5772/intechopen.93509

crown and root rot in sweet pepper 
(Capsicum annuum L.). Biological 
Control. 2018;126:117-126

[104] Herre EA, Mejía LC, Kyllo DA, 
Rojas E, Maynard Z, Butler A, et al.  
Ecological implications of anti-
pathogen effects of tropical fungal 
endophytes and mycorrhizae. Ecology. 
2007;88(3):550-558

[105] Card S, Johnson L, Teasdale S, 
Caradus J. Deciphering endophyte 
behaviour: The link between endophyte 
biology and efficacious biological 
control agents. FEMS Microbiology 
Ecology. 2016;92(8):fiw114

[106] Hyde KD, Soytong K. The fungal 
endophyte dilemma. Fungal Diversity. 
2008;33:163-173

[107] Shoresh M, Harman GE, 
Mastouri F. Induced systemic resistance 
and plant responses to fungal 
biocontrol agents. Annual Review of 
Phytopathology. 2010;48:21-43

[108] Klieber J, Reineke A. The 
entomopathogen Beauveria bassiana 
has epiphytic and endophytic 
activity against the tomato leaf miner 
Tuta absoluta. Journal of Applied 
Entomology. 2016;140(8):580-589

[109] Menjivar RD, Cabrera JA, Kranz J, 
Sikora RA. Induction of metabolite 
organic compounds by mutualistic 
endophytic fungi to reduce the 
greenhouse whitefly Trialeurodes 
vaporariorum (Westwood) 
infection on tomato. Plant and Soil. 
2012;352(1-2):233-241

[110] Jaber LR, Ownley BH. Can we use 
entomopathogenic fungi as endophytes 
for dual biological control of insect 
pests and plant pathogens? Biological 
Control. 2018;116:36-45

[111] Lopez DC, Sword GA. The 
endophytic fungal entomopathogens 

Beauveria bassiana and Purpureocillium 
lilacinum enhance the growth of 
cultivated cotton (Gossypium hirsutum) 
and negatively affect survival of the 
cotton bollworm (Helicoverpa zea). 
Biological Control. 2015;89:53-60

[112] Gathage JW, Lagat ZO, 
Fiaboe KKM, Akutse KS, 
Ekesi S, Maniania NK. Prospects of 
fungal endophytes in the control 
of Liriomyza leafminer flies in 
common bean Phaseolus vulgaris 
under field conditions. BioControl. 
2016;61(6):741-753

[113] Barra-Bucarei L, France Iglesias A, 
Gerding González M, Silva Aguayo G, 
Carrasco-Fernández J, Castro JF, et al.  
Antifungal activity of Beauveria 
bassiana endophyte against Botrytis 
cinerea in two Solanaceae crops. 
Microorganisms. 2020;8(1):65


