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Plants have a complex immune system that defends them 
against herbivores and microbial pathogens but that also regulates 
the interactions with mutualistic organisms (e.g. mycorrhizal fungi 
and plant growth-promoting rhizobacteria). Endophytes are such 
microorganisms that live within plants for at least a part of their 
life cycle without causing any visible manifestation of disease [1]. 
The presence of endophytes is symptomless, unobtrusive, and es-
tablished entirely inside the living host plant tissues [2]. During 
this association, none of the interacting partners is discernibly 
harmed, and the individual benefits depend on both the interacting 
partners. It is also believed that endophytes have important roles in 
plant protection, acting against herbivores, insects and pathogens 
of the host and may also increase plant resistance to pathogens and 
biotic and abiotic stresses [3,4].

The most frequently encountered endophytes are fungi [5], and 
currently, to our knowledge, all reported endophytes are fungi or 
bacteria (including actinomycetes). The existence of fungi inside 
the organs of asymptomatic plants has been known since the end of 
the 19th century [6] and the term ‘‘endophyte’’ was first proposed 
in 1866 [7]. It has been estimated that there may be as many as one 
million different endophytic fungal taxa, thus endophytes may be 
hyper diverse [8]. Most of the taxonomic groups contain entomo-
pathogenic genera, such as Metarhizium, Beauveria, Lecanicillium, 
Nomuraea, Entomophthora, and Neozygites to name a few [9]. 

Bacterial endophytes colonize an ecological niche similar to 
that of phytopathogens, which makes them suitable as biocon-
trol agents [10,11]. Endophytic bacteria have been isolated from 
both monocotyledonous and dicotyledonous plants, ranging from 
woody tree species, such as oak and pear to herbaceous crop plants 
such as sugar beet and maize. Many endophytes are members of 
common soil bacterial genera, such as Pseudomonas, Burkholderia 
and Bacillus [12]. These genera are well known for their diverse 
range of secondary metabolic products including antibiotics, anti-
cancer compounds, volatile organic compounds, antifungal, antivi-
ral, insecticidal and immunosuppressant agents.

Use of entomopathogenic microorganisms or those that inhibit/
antagonise other microorganisms pathogenic to plants is an alter-
native that may contribute to reduce or eliminate the use of chemi-
cal products in agriculture. Fungal biocontrol agents are promis-

Scope of Endophytes as Biocontrol Agent

ing because they act by contact and do not require ingestation, 
they can be mass-produced very easily and are quite host specific. 
Much has been published on the effects of endophytes on insect 
herbivores have concentrated on turf and agronomic grasses in-
fected with endophytic clavicipitalean fungi (Ascomycota: Hypo-
creales: Clavicipitaceae), which systemically infect mostly grasses 
in the Poaceae, Juncaceae, and Cyperaceae. Endophyte-infested 
grasses have also shown high resistance to foliar-feeding insects 
and have been attribute to having biologically active alkaloids in 
infested grasses which alter the life cycle of the insect (antibiosis 
effect) [13,14]. Commonly cited example is that of Neotyphodium 
-infected perennial ryegrass (Lolium perenne L.) and tall fescue 
(Festuca arundinacea Schreb.) which has shown to have negative 
effects on over 40 insect species in six orders [15]. Clement., et 
al. [16] reported different effects on two aphids (bird-cherry oat 
aphid, Rhopalosiphum padi (L.) and rose grass aphid, Metopopo-
phium dirhodum (Walker)) and the wheat stem sawfly (Mayetiola 
destructor (Say)) exposed to different wild barleys infected with 
Neotyphodium. Beauveria bassiana (Balsamo) Vuillemin has been 
reported as an endophyte in maize [17-19], potato, cotton, cock-
lebur, and jimson weed [20], tomato [21,22], in sorghum, chilli, 
sunflower and beans [23], on the cocoa relative Theobroma gileri 
[24], in the bark of Carpinus caroliniana Walter [25], in seeds and 
needles of Pinus monticola Dougl. ex. D. Don [26], in opium poppy 
[27], on date palm [28], in bananas [29], and in coffee [30]. In addi-
tion, Lecanicillium lecanii (Zimm.) has been reported in sorghum, 
cotton, wheat, chickpea, pigeon pea, mango and banana [23]; Pae-
cilomyces sp. in Musa acuminata [31] and in rice [32].

Endophytic bacteria have been found in virtually every plant 
studied, where they colonize the internal tissues of their host plant 
and can form a range of different relationships including symbi-
otic, mutualistic, commensalistic and trophobiotic. Endophytic 
bacteria can promote plant growth and yield and can act as bio-
control agents. Bacterial endophytes colonize an ecological niche 
similar to that of phytopathogens, which makes them suitable as 
biocontrol agents [10,11]. Bacteria, especially the genus Bacillus, 
have significant participation among the commercialized biologi-
cal control products. Up to 50% of these products are bacterial 
formulations, from various species of Bacillus. The identification 
of different action mechanisms can lead to the combination of iso-
lates to control a broad spectrum of pests [33]. 
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Akello., et al. [34] studied the effect of endophytic B. bassiana 
in banana plants on the banana weevil, Cosmopolites sordidus (Ger-
mar) and reported dead mycosed insects in the rhizome of B. bassi-
ana-inoculated plants, suggesting a direct mode of action through 
mycosis infection of the banana weevils by the fungus. Endophytic 
colonization of banana by B. bassiana significantly reduced the sur-
vivorship of grubs of banana weevil resulting in 42 - 87 per cent 
reduction in plant damage Date palm pulp of the endophytically 
colonized seedlings was used in a laboratory diet for the grubs of 
the red palm weevil (RPW). The mortality of grubs during 14 days 
achieved 80.3 per cent, under laboratory conditions [35]. Zhou., et 
al. [36] reported that endophytic fungus, Chaetomium globosum 
Kunze inhibited root-knot nematode, Meloidogyne incognita (Kofoid 
& White) infection and reduced female reproduction below ground.

Exploitation of endophyte-plant interactions can result in the 
promotion of plant health and can play a significant role in low-
input sustainable agriculture applications for both food and non-
food crops. An understanding of the mechanisms enabling these 
endophytic bacteria to interact with plants will be essential to 
fully achieve the biotechnological potential of efficient plant–bac-
terial partnerships for a range of applications. One promising area 
of research for future studies is developing endophytes (and rhi-
zobacteria) to promote the sustainable production of biomass 
and bioenergy crops in conjunction with phytoremediation of soil 
contamination. The role of microbial endophytes protecting plants 
against insects has been well documented in various countries. 
However, the research is based mainly on endophytes in few host 
plants. Apart from isolated studies, very recently, efforts are being 
directed to recognize the role of endophytes in insect control. This 
is a broad field of investigation that is almost entirely open to new 
findings. The future use of biological control in combination with 
endophytes along with commercial pesticides applied to the seed 
or seedling could lead to synergistic effects on one or multiple pests 
and disease causing agents. IPM involving endophytes reduces costs 
and environmental impact, while allowing the biological agent to 
build up momentum for insect pest control.

Future Prospects

Bibliography

1. Bacon CW and JF White. “Microbial endophytes”. Marcel 
Dekker, New York (2000).

2. Kusari S., et al. “Metabolomics of endophytic fungi producing 
associated plant secondary metabolites: progress, challenges 
and opportunities”. U. Roessner (Ed.), Metabolomics, In-
Tech, Rijeka, Croatia (2012): 241-266.

3. Ahlholm JU., et al. “Environmental conditions and host geno-
type direct genetic diversity of Venturia ditricha, a fungal en-
dophyte of birch trees”. Evolution 56.8 (2002): 1566-1573. 

4. Kogel KH., et al. “Endophyte or parasite--what decides?” Cur-
rent Opinion in Plant Biology 9.4 (2006): 358-363. 

5. Staniek A., et al. “Endophytes: exploiting biodiversity for 
the improvement of natural product-based drug discovery”. 
Journal of Plant Interactions 3.2 (2008): 75-93.

6. Guerin P. “Sur la presence d’un champignon dans l’ivraie”. 
Journal of Botanique 12 (1898): 230-238.

7. de Bary A. “Morphologie and Physiologie der Pilze, Flechten, 
and Myxomyceten”. Hofmeister’s Handbook of Physiological 
Botany, Volume II (Leipzig, Germany: Engelmann) (1866).

8. Strobel G and Daisy B. “Bioprospecting for Microbial Endo-
phytes and Their Natural Products”. Microbiology and Mo-
lecular Biology Reviews 67.4 (2003): 491-502.

9. Deshpande MV. “Mycopesticide production by fermentation: 
Potential and challenges”. Critical Reviews in Microbiology 
25.3 (1999): 229-243.

10. Berg G., et al. “Endophytic and ecdophytic potato associated 
bacterial communities differ in structure and antagonistic 
function against plant pathogenic fungi”. FEMS Microbiology 
Ecology 51 (2005): 215-229.

11. Berg T., et al. “PCR-based detection of Xanthomonas camp-
estris pathovars in Brassica seed”. Plant Pathology 54.3 
(2005): 416-427.

12. Lodewyckx C., et al. “Isolation, characterization and identi-
fication of bacteria associated to the zinc hyperaccumula-
tor Thlaspi caerulescens subsp. Calaminaria”. International 
Journal of Phytoremediation 4.2 (2002): 101-115.

13. Clay K. “Fungal endophytes of plants: biological and chemi-
cal diversity”. Natural Toxins 1.3 (1992): 147-149.

14. Leuchtmann A. “Systematics, distribution, and host specific-
ity of grass endophytes”. Natural Toxins 1.3 (1992): 150-162.

15. Clement SL., et al. “Controlling sap-sucking insect pests with 
recombinant endophytes expressing plant lectin”. Nature 
Proceedings (1994).

16. Clement SL., et al. “Detrimental and neutral effects of wild 
barley-Neotyphodium fungal endophyte associations on in-
sect survival”. Entomologia Experimentaliset Applicata 114.2 
(2005): 119-125.

17. Cherry AJ., et al. “Pathogen incidence and their potential 
as microbial control agents in IPM of maize stem borers in 
West Africa”. BioControl 44.3 (1999): 301-327.

18. Selosse MA., et al. “Symbiotic microorganisms, a key for eco-
logical success and protection of plants”. Comptes rendus Bi-
ologies 327.7 (2004): 639-648.

19. Arnold AE and Lewis LC. “Ecology and evolution of fungal 
endophytes, and their roles against insects”. In: Vega, F.E., 
Blackwell,M. (Eds.), Insect-Fungal Associations: Ecology and 
Evolution. Oxford University Press, New York (2005): 74-96.

20. Jones KD. “Aspects of the biology and biological control of the 
European corn borer in North Carolina”. Ph.D. thesis, Depart-
ment of Entomology, North Carolina State University (1994).

https://cdn.intechopen.com/pdfs/28010.pdf
https://cdn.intechopen.com/pdfs/28010.pdf
https://cdn.intechopen.com/pdfs/28010.pdf
https://cdn.intechopen.com/pdfs/28010.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12353749
https://www.ncbi.nlm.nih.gov/pubmed/12353749
https://www.ncbi.nlm.nih.gov/pubmed/12353749
https://www.ncbi.nlm.nih.gov/pubmed/16713330
https://www.ncbi.nlm.nih.gov/pubmed/16713330
https://www.tandfonline.com/doi/abs/10.1080/17429140801886293
https://www.tandfonline.com/doi/abs/10.1080/17429140801886293
https://www.tandfonline.com/doi/abs/10.1080/17429140801886293
https://www.ncbi.nlm.nih.gov/pubmed/14665674
https://www.ncbi.nlm.nih.gov/pubmed/14665674
https://www.ncbi.nlm.nih.gov/pubmed/14665674
https://www.ncbi.nlm.nih.gov/pubmed/10524330
https://www.ncbi.nlm.nih.gov/pubmed/10524330
https://www.ncbi.nlm.nih.gov/pubmed/10524330
https://www.bashanfoundation.org/berg/bergendophytic.pdf
https://www.bashanfoundation.org/berg/bergendophytic.pdf
https://www.bashanfoundation.org/berg/bergendophytic.pdf
https://www.bashanfoundation.org/berg/bergendophytic.pdf
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2005.01186.x/full
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2005.01186.x/full
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2005.01186.x/full
https://www.ncbi.nlm.nih.gov/pubmed/12655804
https://www.ncbi.nlm.nih.gov/pubmed/12655804
https://www.ncbi.nlm.nih.gov/pubmed/12655804
https://www.ncbi.nlm.nih.gov/pubmed/12655804
https://www.ncbi.nlm.nih.gov/pubmed/1344915
https://www.ncbi.nlm.nih.gov/pubmed/1344915
https://onlinelibrary.wiley.com/doi/10.1002/nt.2620010303/abstract
https://onlinelibrary.wiley.com/doi/10.1002/nt.2620010303/abstract
https://pdfs.semanticscholar.org/a85c/0418522f10e188ebb0792c5c63f845e8bb12.pdf
https://pdfs.semanticscholar.org/a85c/0418522f10e188ebb0792c5c63f845e8bb12.pdf
https://pdfs.semanticscholar.org/a85c/0418522f10e188ebb0792c5c63f845e8bb12.pdf
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2005.00236.x/abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2005.00236.x/abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2005.00236.x/abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2005.00236.x/abstract
https://link.springer.com/article/10.1023/A:1009991724251
https://link.springer.com/article/10.1023/A:1009991724251
https://link.springer.com/article/10.1023/A:1009991724251
https://www.sciencedirect.com/science/article/pii/S1631069104001192
https://www.sciencedirect.com/science/article/pii/S1631069104001192
https://www.sciencedirect.com/science/article/pii/S1631069104001192


03

Role of Endophytes in Insect Control

Citation: Anjitha George. “Role of Endophytes in Insect Control”. Acta Scientific Agriculture 1.4 (2017): 01-03.

Volume 1 Issue 4 October 2017
© All rights are reserved by Anjitha George.

21. Leckie BM. “Effects of Beauveria bassiana mycelia and metab-
olites incorporated into synthetic diet and fed to larval Heli-
coverpa zea, and detection of endophytic Beauveria bassiana 
in tomato plants using PCR and ITS”. M.S. thesis, Department 
of Entomology, The University of Tennessee (2002).

22. Ownley BH., et al. “Beauveria bassiana, a dual purpose bio-
control organism, with activity against insect pests and plant 
pathogens”. In: Lartey, R.T.,Cesar, A.J. (Eds.), Emerging Con-
cepts in Plant Health Management. Research Signpost, India 
(2004): 255-269.

23. Kambrekar DN., et al. “Isolation, identification and patho-
genecity of microbial endophytes in different plants in north-
ern Karnataka”. Proceeding of 9th Annual KSTA Conference 
on Science, Technology and Innovations in the 21st Century 
(2016): 66.

24. Evans HC., et al. “Endophytes and mycoparasites associated 
with an indigenous forest tree, Theobroma gileri, in Ecuador 
and a preliminary assessment of their potential as biocontrol 
agents of cocoa diseases”. Mycological Progress 2.2 (2003): 
149-160.

25. Bills GF and Polishook JD. “Microfungi from Carpinus carolin-
iana”. Canadian Journal of Botany 69.7 (1991): 1477-1482.

26. Ganley RJ and Newcombe G. “Fungal endophytes in seeds 
and needles of Pinus monticola”. Mycological Research 110.3 
(2005): 318-327.

27. Quesada-Moraga EA., et al. “Laboratory evaluation of ento-
mopathogenic fungi Baeuveria bassiana and Metarhizium 
anisopliae against pupal and adults of Ceratitis capitata (Dip-
ter: Tephritidae)”. Journal of Economic Entomology 99.6 
(2006): 1955-1966.

28. Go´mez-Vidal S., et al. “Endophytic colonization of date palm 
(Phoenix dactylifera L.) leaves by entomopathogenic fungi”. 
Micron 37.7 (2006): 624-632.

29. Akello JT., et al. “Beauveria bassiana (Balsamo) Vuillemin as 
an endophyte in tissue culture banana (Musa spp.)”. Journal of 
Invertebrate Pathology 96.1 (2007): 34-42.

30. Posada F., et al. “Inoculation of coffee plants with the fungal 
entomopathogen Beauveria bassiana (Ascomycota: Hypocre-
ales)”. Mycological Research 111.6 (2007): 749-758.

31. Cao LX., et al. “Endophytic fungi from Musa acuminata leaves 
and roots in South China”. Journal of Microbiology and Biotech-
nology 18.2 (2002): 169-171.

32. Tian XL., et al. “Study on the communities of entophytic 
fungi and endophytic actinomycetes from rice and their an-
tipathogenic activities in vitro”. World Journal of Microbiol-
ogy and Biotechnology 20.3 (2004): 303-309.

33. Lutz MP., et al. “Signaling between bacterial and fungal bio-
control agent in a strain mixture”. FEMS Microbiology Ecology 
48.3 (2004): 447-455.

34. Akello J., et al. “Effect of endophytic Beauveria bassiana on 
populations of the banana weevil, Cosmopolites sordidus, 
and their damage in tissue cultured banana plants”. Entomo-
logia Experimentalis et Applicata 129.2 (2008): 157-165.

35. Arab YA and Deeb HM. “The use of endophyte Beauveria 
bassiana for bio-protection of date palm seedlings against 
red palm weevil and Rhizoctonia root-rot disease”. Scientific 
Journal of King Faisal University (Basic and Applied Sciences 
13.2 (2012): 91-101.

36. Zhou W., et al. “The fungal endophyte Chaetomium globosum 
negatively affects both above and below-ground herbivores 
in cotton”. FEMS Microbiology and Ecology 92.10 (2016): 
1-22.

https://trace.tennessee.edu/cgi/viewcontent.cgi?article=4780&context=utk_gradthes
https://trace.tennessee.edu/cgi/viewcontent.cgi?article=4780&context=utk_gradthes
https://trace.tennessee.edu/cgi/viewcontent.cgi?article=4780&context=utk_gradthes
https://trace.tennessee.edu/cgi/viewcontent.cgi?article=4780&context=utk_gradthes
https://trace.tennessee.edu/cgi/viewcontent.cgi?article=4780&context=utk_gradthes
https://www.researchgate.net/publication/224497389_Beauveria_bassiana_a_dual_purpose_biological_control_with_activity_against_insect_pests_and_plant_pathogens
https://www.researchgate.net/publication/224497389_Beauveria_bassiana_a_dual_purpose_biological_control_with_activity_against_insect_pests_and_plant_pathogens
https://www.researchgate.net/publication/224497389_Beauveria_bassiana_a_dual_purpose_biological_control_with_activity_against_insect_pests_and_plant_pathogens
https://www.researchgate.net/publication/224497389_Beauveria_bassiana_a_dual_purpose_biological_control_with_activity_against_insect_pests_and_plant_pathogens
https://www.researchgate.net/publication/224497389_Beauveria_bassiana_a_dual_purpose_biological_control_with_activity_against_insect_pests_and_plant_pathogens
https://link.springer.com/article/10.1007/s11557-006-0053-4
https://link.springer.com/article/10.1007/s11557-006-0053-4
https://link.springer.com/article/10.1007/s11557-006-0053-4
https://link.springer.com/article/10.1007/s11557-006-0053-4
https://link.springer.com/article/10.1007/s11557-006-0053-4
https://www.ncbi.nlm.nih.gov/pubmed/16492396
https://www.ncbi.nlm.nih.gov/pubmed/16492396
https://www.ncbi.nlm.nih.gov/pubmed/16492396
https://www.ncbi.nlm.nih.gov/pubmed/17195660
https://www.ncbi.nlm.nih.gov/pubmed/17195660
https://www.ncbi.nlm.nih.gov/pubmed/17195660
https://www.ncbi.nlm.nih.gov/pubmed/17195660
https://www.ncbi.nlm.nih.gov/pubmed/17195660
https://www.ncbi.nlm.nih.gov/pubmed/16581255
https://www.ncbi.nlm.nih.gov/pubmed/16581255
https://www.ncbi.nlm.nih.gov/pubmed/16581255
https://www.ncbi.nlm.nih.gov/pubmed/17391694
https://www.ncbi.nlm.nih.gov/pubmed/17391694
https://www.ncbi.nlm.nih.gov/pubmed/17391694
https://www.ncbi.nlm.nih.gov/pubmed/17604149
https://www.ncbi.nlm.nih.gov/pubmed/17604149
https://www.ncbi.nlm.nih.gov/pubmed/17604149
https://link.springer.com/article/10.1023/A:1014491528811
https://link.springer.com/article/10.1023/A:1014491528811
https://link.springer.com/article/10.1023/A:1014491528811
https://link.springer.com/article/10.1023/B:WIBI.0000023843.83692.3f
https://link.springer.com/article/10.1023/B:WIBI.0000023843.83692.3f
https://link.springer.com/article/10.1023/B:WIBI.0000023843.83692.3f
https://link.springer.com/article/10.1023/B:WIBI.0000023843.83692.3f
https://www.ncbi.nlm.nih.gov/pubmed/19712313
https://www.ncbi.nlm.nih.gov/pubmed/19712313
https://www.ncbi.nlm.nih.gov/pubmed/19712313
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2008.00759.x/abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2008.00759.x/abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2008.00759.x/abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2008.00759.x/abstract
https://apps.kfu.edu.sa/sjournal/ara/pdffiles/b1325.pdf
https://apps.kfu.edu.sa/sjournal/ara/pdffiles/b1325.pdf
https://apps.kfu.edu.sa/sjournal/ara/pdffiles/b1325.pdf
https://apps.kfu.edu.sa/sjournal/ara/pdffiles/b1325.pdf
https://apps.kfu.edu.sa/sjournal/ara/pdffiles/b1325.pdf
https://academic.oup.com/femsec/article/92/10/fiw158/2197976/The-fungal-endophyte-Chaetomium-globosum
https://academic.oup.com/femsec/article/92/10/fiw158/2197976/The-fungal-endophyte-Chaetomium-globosum
https://academic.oup.com/femsec/article/92/10/fiw158/2197976/The-fungal-endophyte-Chaetomium-globosum
https://academic.oup.com/femsec/article/92/10/fiw158/2197976/The-fungal-endophyte-Chaetomium-globosum

	_GoBack
	_GoBack

