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Natural enemies have an extensive history as biological control agents against crop
pests worldwide. Predatory insects and mites, parasitic wasps and flies, pathogenic bacteria,
fungi, and viruses have been used against crop pests with varying degrees of success. This
editorial aims to highlight articles that reveal recent advances or discoveries in fundamental
and applied research on natural enemies and biological control.

One article tested the effects of UV-absorbing (photoselective) nets on the dispersion
potential of a syrphid (Sphaerophoria rueppellii Wiedemnann) and its prey, aphids [1]. The
authors concluded that the deployment of these nets and augmentative releases of S.
rueppellii were compatible strategies in IPM aphid control programs [1]. In a review of
the literature on volatile and non-volatile plant-derived organic compounds as potential
oviposition stimulants for aphidophagous predators, the author indicated that volatile
compounds were effective oviposition stimulants for syrphids (e.g., Episyrphus balteatus
DeGeer) more so than for coccinellids or chrysopids [2]. Organic compounds with low-to-
moderate molecular weights and moderate-to-high vapour pressures were more effective
oviposition stimulants [2].

An article revealed complementary action of a generalist predatory mite Anystis
baccarum (L.), family Anystidae, and augmentative releases of a hymenopterous aphid par-
asitoid Aphidius ervi Haliday, family Aphidiidae, to control the foxglove aphid Aulacorthum
solani (Keltennbach) on sweet peppers cultivated in greenhouses [3]. The predatory mite
became established in the greenhouse and benefited from attacking other insects such as
western flower thrips Frankliniella occidentalis (Pergande), family Thripidae [3].

One article stressed the importance of rigorous morphological investigations to ac-
curately identify predatory coccinellids (Chilocorus species) before release for classical
biological control of coccids [4]. The authors found that Chilocorus kuwanae Silvestri and
Chilocorus renipustulatus (Scriba) were the same species. Consequently, releases of C. kuwanae
in Europe and the Caucasus did not represent classical biological control, since the same
species (misidentified as C. renipustulatus) were native to these regions [4].

To facilitate cost-effective augmentative biological control, research has centered on
mass production and artificial diet development for another coccinellid, i.e., Stethorus
gilvifrons, a specialist predator on tetranychid spider mites [5]. A diet consisting of sucrose,
honey, royal jelly, agar, yeast, date palm pollen supplemented with Mediterranean flour
moth (Ephestia kuehniella Zeller) eggs and 2,4-dihydroxybenzoic acid was most effective
and supported the development and reproduction of S. gilvifrons in the laboratory [5].

Mirid bugs can be effective predators of soft-bodied plant pests [6], but ongoing
research is necessary to test the compatibility of mirids with other control technologies.
In one study, the mirid Nesidiocoris tenuis (Reuter) was exposed to a plant-derived toxin,
methyl benzoate (MB) in laboratory and greenhouse bioassays [7]. MB is a volatile organic
compound with acute toxicity to aphids, whiteflies, and spider mites. A 1% MB concentra-
tion had little lethal or sublethal effect on N. tenuis adults [7]. This research suggested that
MB and N. tenuis could be implemented together for integrated control of pests. In another
article, researchers tested for side effects of ds-RNA technology on the mirid N. tenuis [8].
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Results indicated that ds-RNA (RNA interference) designed to target the αCOP gene of
a gelechiid moth Tuta absoluta (Meyrick) had no lethal or sublethal effects on N. tenuis in
laboratory bioassays. The authors suggested that dsRNA and N. tenuis could be combined
for integrated pest management of T. absoluta [8].

Other research tested the compatibility of two intraguild predators, a coccinellid Cryp-
tolaemus montrouzieri (Mulsant) and a chrysopid Chrysoperla carnea (Stephens), and their
potential to control mealybugs [9]. Intraguild predation was common between the two
predators, usually in favor of C. carnea. However, the addition of extraguild prey, i.e.,
mealybug nymphs and E. kuehniella eggs, significantly reduced encounters between C.
montrouzieri and C. carnea in laboratory arenas [9]. One article examined the predation
potential of another coccinellid Harmonia axyridis (Pallas) and an anthocorid Orius sauteri
(Poppius) against the noctuid Spodoptera frugiperda (JE Smith) in functional response experi-
ments in laboratory arenas [10]. The theoretical maximum daily prey consumption rate,
instantaneous attack rate, and handling time estimates indicated that H. axyridis (rather
than O. sauteri) was a voracious predator of S. frugiperda eggs and young larvae [10].

Several articles tested the utilization of entomopathogens as natural enemies of crop
pests. Seven species of entomopathogenic nematodes in genera Heterorhabditis and Stein-
ernema were tested against late larval stages and pupae of S. frugiperda in the soil [11].
Three nematode species Heterorhabditis indica (Poinar), Steinernema carpocapsae (Weiser),
and Steinernema longicaudum Shen & Wang were most virulent in soil column and pot
bioassays [11]. Another article tested the pathogenicity of a novel Metarhizium fungus, i.e.,
Metarhizium sp. BCC 4849, on tetranychid spider mites (Tetranychus truncatus Ehara and
Eutetranychus africanus Tucker) and several insect pests [12]. The mortality of T. truncatus
exceeded 80% five days post-inoculation with this fungus. The fungus caused 92–99%
mortality of cassava mealybug (Phenacoccus manihoti Matile-Ferrero), bean aphid (Aphis
craccivora Koch), Oriental fruit fly (Bactrocera dorsalis Hendel), and sweet potato weevil
(Cylas formicarius F.) within three-to-six days, post-inoculation [12].

Metarhizium were also tested for compatibility with a braconid parasitoid Diachasmi-
morpha longicaudata (Ashmead) to control a tephritid fruit fly Anastrepha ludens Loew [13].
Metarhizium robertsii strain V3-160 and Metarhizium anisopliae strain MAAP1 caused mod-
erate levels of mortality in D. longicaudata adults. However, M. robertsii had no adverse
effects on D. longicaudata larvae developing inside treated hosts, A. ludens [13]. In an-
other compatibility study, entomopathogenic fungi Beauveria bassiana (two strains) and
trichogrammatid parasitoids in genus Trichogramma were evaluated for combined utiliza-
tion against the European pepper moth Duponchelia fovealis (Zeller), family Crambidae [14].
Both B. bassiana strains had minimal adverse effects on Trichogramma species. The authors
suggested that Beauveria and Trichogramma could be combined to control D. fovealis under
natural conditions [14].

Trichogrammatids have a long history of utilization to manage the egg stage of lep-
idopteran pests, and articles in this collection also tested the capacity of Trichogramma
species to control a gelechiid T. absoluta [15], a crambid Ostrinia furnacalis Güenée [16],
and a noctuid Helicoverpa armigera (Hübner) [17]. Nine European Trichogramma species
were evaluated as candidates for biological control of T. absoluta, which was introduced
to Europe in 2006. Results indicated that three species, Trichogramma nerudai Pintureau
& Gerding, Trichogramma pintoi Voegele, and Trichogramma cacoeciae Marchal, were just as
effective as commercially available Trichogramma achaeae Nagaraja & Nagarkatti in labora-
tory bioassays [15]. In another article, research demonstrated that Trichogramma ostriniae
Pang & Chen and Trichogramma dendrolimi Matsumura were capable of parasitizing O.
furnacalis eggs [16]. Trichogramma ostriniae attacked young and old host eggs, whereas T.
dendrolimi preferentially attacked young host eggs. Since host egg age had no effect on T.
ostriniae parasitism rate, authors suggested that T. ostriniae would be the best candidate for
biological control of O. furnacalis [16]. One final article tested the suitability of H. armigera
as a rearing host for Trichogramma euproctidis (Girault) [17]. Authors determined that host
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egg age was important; young rather than old H. armigera eggs were best for optimal
development and reproduction of T. euproctidis in the laboratory [17].

In conclusion, this editorial summarizes research collected on a topic of considerable
interest and importance: natural enemies and biological control of plant pests. This topical
collection demonstrates that researchers continue to search for new methods and techniques
to manage natural enemies, singly or combined with other species, with the ultimate goal
of integrating them into pest management systems that rely less and less on harmful
pesticides. Future research should continue to discover new and improved technologies to
mass produce and release natural enemies, manipulate their densities in agroecosystems,
and conserve their populations within agricultural landscapes throughout the world.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Amorós-Jiménez, R.; Plaza, M.; Montserrat, M.; Marcos-García, M.A.; Fereres, A. Effect of UV-absorbing nets on the performance

of the aphid predator Sphaerophoria rueppellii (Diptera: Syrphidae). Insects 2020, 11, 166. [CrossRef] [PubMed]
2. Riddick, E.W. Volatile and non-volatile organic compounds stimulate oviposition by aphidophagous predators. Insects 2020, 11,

683. [CrossRef] [PubMed]
3. Saito, T.; Brownbridge, M. Efficacy of Anystis baccarum against foxglove aphids, Aulacorthum solani, in laboratory and small-scale

greenhouse trials. Insects 2021, 12, 709. [CrossRef] [PubMed]
4. Biénkowski, A.O.; Orlova-Bienkowskaja, M.A. Rigorous morphological studies confirm that the classical object of pest control

Chilocorus kuwanae is the same species as Ch. renipustulatus (Coleoptera: Coccinellidae). Insects 2020, 11, 368. [CrossRef]
5. Ebrahimifar, J.; Shishehbor, P.; Rasekh, A.; Hemmati, S.A.; Riddick, E.W. Effects of three artificial diets on life history parameters

of the ladybird beetle Stethorus gilvifrons, a predator of tetranychid mites. Insects 2020, 11, 579. [CrossRef] [PubMed]
6. Abraços-Duarte, G.; Ramos, S.; Valente, F.; Borges da Silva, E.; Figueiredo, E. Functional response and predation rate of Dicyphus

cerastii Wagner (Hemiptera: Miridae). Insects 2021, 12, 530. [CrossRef]
7. Mostafiz, M.M.; Hassan, E.; Shim, J.-K.; Lee, K.-Y. Lethal and sublethal effects of methyl benzoate on the predatory bug Nesidiocoris

tenuis. Insects 2020, 11, 377. [CrossRef] [PubMed]
8. Sarmah, N.; Kaldis, A.; Taning, C.N.T.; Perdikis, D.; Smagghe, G.; Voloudakis, A. dsRNA-mediated pest management of Tuta

absoluta is compatible with its biological control agent Nesidiocoris tenuis. Insects 2021, 12, 274. [CrossRef] [PubMed]
9. Golsteyn, L.; Mertens, H.; Audenaert, J.; Verhoeven, R.; Gobin, B.; De Clercq, P. Intraguild interactions between the mealybug

predators Cryptolaemus montrouzieri and Chrysoperla carnea. Insects 2021, 12, 655. [CrossRef] [PubMed]
10. Di, N.; Zhang, K.; Xu, Q.; Zhang, F.; Harwood, J.D.; Wang, S.; Desneux, N. Predatory ability of Harmonia axyridis (Coleoptera:

Coccinellidae) and Orius sauteri (Hemiptera: Anthocoridae) for suppression of fall armyworm Spodoptera frugiperda (Lepidoptera:
Noctuidae). Insects 2021, 12, 1063. [CrossRef] [PubMed]

11. Acharya, R.; Hwang, H.S.; Mostafiz, M.M.; Yu, Y.-S.; Lee, K.-Y. Susceptibility of various developmental stages of the fall
armyworm, Spodoptera frugiperda, to entomopathogenic nematodes. Insects 2020, 11, 868. [CrossRef]

12. Wasuwan, R.; Phosrithong, N.; Promdonkoy, B.; Sangsrakru, D.; Sonthirod, C.; Tangphatsornruang, S.; Likhitrattanapisal, S.;
Ingsriswang, S.; Srisuksam, C.; Klamchao, K.; et al. The fungus Metarhizium sp. BCC 4849 is an effective and safe mycoinsecticide
for the management of spider mites and other insect pests. Insects 2022, 13, 42. [CrossRef]

13. Presa-Parra, E.; Hernández-Rosas, F.; Bernal, J.S.; Valenzuela-González, J.E.; Martínez-Tlapa, J.; Birke, A. Impact of Metarhizium
robertsii on adults of the parasitoid Diachasmimorpha longicaudata and parasitized Anastrepha ludens larvae. Insects 2021, 12, 125.
[CrossRef]

14. Araujo, E.S.; Poltronieri, A.S.; Poitevin, C.G.; Mirás-Avalos, J.M.; Zawadneak, M.A.C.; Pimentel, I.C. Compatibility between
entomopathogenic fungi and egg parasitoids (Trichogrammatidae): A laboratory study for their combined use to control
Duponchelia fovealis. Insects 2020, 11, 630. [CrossRef]

15. Schäfer, L.; Herz, A. Suitability of European Trichogramma species as biocontrol agents against the tomato leaf miner Tuta absoluta.
Insects 2020, 11, 357. [CrossRef]

16. Wang, Y.; Hou, Y.-Y.; Benelli, G.; Desneux, N.; Ali, A.; Zang, L.S. Trichogramma ostriniae is more effective than Trichogramma
dendrolimi as a biocontrol agent of the Asian corn borer, Ostrinia furnacalis. Insects 2022, 13, 70. [CrossRef] [PubMed]

17. Atashi, N.; Shishehbor, P.; Seraj, A.A.; Rasekh, A.; Hemmati, S.A.; Riddick, E.W. Effects of Helicoverpa armigera egg age on
development, reproduction, and life table parameters of Trichogramma euproctidis. Insects 2021, 12, 569. [CrossRef] [PubMed]

http://doi.org/10.3390/insects11030166
http://www.ncbi.nlm.nih.gov/pubmed/32150844
http://doi.org/10.3390/insects11100683
http://www.ncbi.nlm.nih.gov/pubmed/33050465
http://doi.org/10.3390/insects12080709
http://www.ncbi.nlm.nih.gov/pubmed/34442275
http://doi.org/10.3390/insects11060368
http://doi.org/10.3390/insects11090579
http://www.ncbi.nlm.nih.gov/pubmed/32882791
http://doi.org/10.3390/insects12060530
http://doi.org/10.3390/insects11060377
http://www.ncbi.nlm.nih.gov/pubmed/32570764
http://doi.org/10.3390/insects12040274
http://www.ncbi.nlm.nih.gov/pubmed/33804809
http://doi.org/10.3390/insects12070655
http://www.ncbi.nlm.nih.gov/pubmed/34357315
http://doi.org/10.3390/insects12121063
http://www.ncbi.nlm.nih.gov/pubmed/34940151
http://doi.org/10.3390/insects11120868
http://doi.org/10.3390/insects13010042
http://doi.org/10.3390/insects12020125
http://doi.org/10.3390/insects11090630
http://doi.org/10.3390/insects11060357
http://doi.org/10.3390/insects13010070
http://www.ncbi.nlm.nih.gov/pubmed/35055913
http://doi.org/10.3390/insects12070569
http://www.ncbi.nlm.nih.gov/pubmed/34206362

	References

