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ABSTRACT 
 

Healthy soil enhances crop yield. In order to increase the organic matter content of soil for 
sustainable and healthy soil, organic amendments are applied in the field. Build-up of insect pest 
populations under organic production system is problematic which not only reduces yield but also 
lowering crop quality. Integrated Pest Management (IPM) strategies that incorporate cultural 
management, biological management, use of resistant varieties are viable options for reduction of 
pest population. Among the biocontrol agents, Entomopathogenic nematodes (EPNs) are 
efficacious against various insect pests in a variety of habitats. However, the effectiveness of EPNs 
against insect pests is largely dependent on the method of application and nematode survival 
under field conditions. Cultural management practice such as application of organic amendments 
can alter the soil health that enables their occurrence and activity. Understanding the interactions is 
essential to reveal ways to enhance the potential of EPNs as biocontrol agents in a particular soil 
type, environmental condition and agricultural scenario. This review provides a brief overviews of 
impact of organic amendments on EPNs from the standpoint of pest management. 

Keywords: Organic agriculture; Pests; Cultural management; Biological management; Organic 
amendments; sawdust; Entomopathogenic nematodes (EPNs). 

 
1. INTRODUCTION 
 
“Agricultural production depends on healthy soils 
to maintain essential soil functions such as 
carbon, nutrient, and water cycling. Usually, soil 
quality has been characterized by the presence 
of nutrients and water and their availability to the 
crop” [1]. “The development of agricultural 
practices have largely enhanced crop yield; but 
protecting the crops against herbivores and 
diseases is problematic” [2]. “Insect pests 
destroy 18-26% of the world’s total crop 
production annually, with an estimated cost of 
more than $ 470 billion” [3]. “Attempts to control 
this problem with chemical pesticides have 
resulted in significant environmental damage, 
harm to beneficial insects, humans and other 
animals. Alternative to chemical pesticides 
include IPM strategies that incorporate cultural 
practices like crop rotation, cover crops and 
organic amendments; use of resistant varieties; 
biocontrol agents including parasitoid wasps, 
entomopathogenic fungi, Bt toxins, 
entomopathogenic nematodes (EPNs) etc. 
Among all the biocontrol agents, EPNs in the 
families Steinernematidae and Heterorhabditidae 
are efficacious against numerous insect pests in 

a variety of habitats. There are no negative 
impacts of EPNs on the environment, human 
health and non-target organisms when compared 
to pesticides” [4]. “For long-term pest 
management, they have the potential to recycle 
in their host populations. However, in the agro-
ecosystem, EPN are affected by various abiotic 
soil properties such as soil texture, moisture, 
temperature, and soil organic matter, which 
might be considerably altered by agricultural 
management practices” [5]. “Farmers add soil 
amendments such as compost to increase 
organic matter content, improve soil aeration, soil 
porosity, and soil water holding capacity. EPNs in 
many agricultural soils are mixed with soil 
amendments” [6]. “Application in the field by 
using compost as a carrier might protect the 
nematodes against UV damage, buffer 
temperature extremes and promote contact 
between the nematodes and the pest insects” [7]. 
 
2. ENTOMOPATHOGENIC NEMATODES 

(EPNs) IN THE SOIL ENVIRONMENT 
 
“As the soil entomopathogens are closely 
associated with their environment, any 
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disturbance of the soil structure (i.e. tillage) could 
cause a change in activity or survival of 
pathogens. Soil physical and chemical 
characteristics play an important role in the 
abundance, distribution and structure of 
nematode communities. EPNs occur in soils of 
natural and agricultural areas worldwide” [8]. 
“Environmental variables, soil characteristics and 
anthropogenic activities may affect their diversity 
and occurrence. They occur in their non-feeding 
stage, called infective juvenile (IJ), capable of 
locating suitable hosts.IJs invade insect bodies 
through the mouth, anus, spiracles, or cuticle and 
release their bacterial symbionts, γ-
Proteobacteria (Xenorhabus spp. bacteria 
for Steinernema spp. and Photorhabdus spp. 
bacteria for Heterorhabditis spp.) into the insect’s 
hemolymph” [9]. “The bacteria release toxins to 
kill the insect, and proliferate in the cadaver. The 
IJs consume the bacteria, complete their 
development, and reproduce. After one or more 
generations of nematodes inside the cadaver, 
new IJs leave to seek new hosts in the soil” [10]. 
“As the soil is their native habitat, EPN have a 
marked potential to control soil insects where 
there is protection from UV radiation and rapid 
desiccation” [11]. “However, the effectiveness of 
EPNs against insect pests is largely dependent 
on the method of application and nematode 
survival under field conditions” [12]. “Inside the 
soil matrix, EPNs are exposed to a broad 
biodiversity of soil organisms, potential insect 
host, predators, microbial pathogens, free-living 
nematodes as competitors, and chemical 
attractants and repellents released by plants and 
other soil organisms” [13]. “EPNs use soil cracks 
and openings caused by root growth to move 
through the soil matrix. EPNs exploit volatile 
organic compounds emitted by roots in response 
to herbivory to locate damaged root systems and 
thereby insect hosts. EPNs foraging behavior is 
therefore greatly influenced by root architecture 
and their effectiveness negatively correlated with 
root complexity” [14]. “All these factors affect the 
survivorships, reproduction, host searching 
capacity and movement of EPN in many 
agricultural soils” [15,16]. “For survival, IJs must 
cope with soil and environmental conditions, 
overcome competitors for hosts, and avoid 
predators and other soil organisms .When 
applied, many EPNs do not persist in soil longer 
than a few weeks or months” [17]. “some native 
EPN populations, adapted to a particular 
environment, have been shown to persist over 
many years” [18]. “Presence of hosts within the 
field can provide a chance for EPN to reproduce 
and increase persistence of EPN up to two years 
in the field” [19]. 
 

3. AGRICULTURAL MANAGEMENT 
PRACTICES: USE OF COMPOST 

 
“Agricultural management practices can modify 
soil properties in ways that may disrupt or 
enhance the abundance and activity of beneficial 
organisms in the soil. A large diversity of 
microorganisms has the potential to protect 
plants against pests and diseases if applied in an 
appropriate manner. The application of organic 
amendment like compost enriched with 
antagonists or beneficial microorganisms holds 
great promise in agricultural and horticultural 
ecosystem since compost itself inherently infers 
benefits to soil and plant growth” [20]. “Beneficial 
effects of compost are dependent on the quality 
of the organic matter, most likely including its 
inhabiting biology and its biochemical stability. 
The water holding capacity of the soil can be 
enhanced by increasing soil organic matter 
content due to its effects on soil texture, porosity, 
and bulk density. Using compost or a compost 
and mulch mix improved plant growth and yield, 
provided pest control, and benefitted natural 
enemies” [21.22,23]. “Learning more about the 
factors that determine the prevalence of the 
organisms that are directly associated with EPN, 
can provide additional information on how 
farming practices might contribute to this 
important feature of soil health. Soils with high 
levels of natural organic matter and minimal soil 
disturbance sustain larger numbers of soil 
microorganisms, including EPNs and associate 
organisms” [24]. “It is generally observed that 
irrigation, tillage and fertilization affect the 
viability, reproduction and insecticidal activities of 
EPNs. Diverse interactions between EPNs and 
other members of the soil community exist, from 
plants and fungi to arthropods and annelids” [25]. 
“These interactions influence EPN performance 
under field conditions, specifically, if they 
contribute to the variability limiting EPNs efficacy 
and wide-scale adoption. Soil texture, 
temperature, moisture, agronomic practices, soil 
antagonists, and host resources are major 
factors affecting nematode persistence in the soil 
environment, and could be responsible for the 
differences in detection of entomopathogenic 
nematodes among different habitats. Agricultural 
management affects both soil quality variables 
and EPN distribution. Soil conditions could also 
be manipulated so that nematodes are 
established and sustained for prolonged periods 
after inundative releases. If soil organic content 
does increase both water holding capacity and 
water retention then possibly it may also extend 
the time over which an initial application of the 
IJs of EPNs would be efficacious as biocontrol 
agents” [26,27]. 
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“Various studies have measured the effect of 
different organic (physical status, nutrient 
content, nutrient mineralization rate, and 
decomposition products) and inorganic fertilizers 
on nematode fitness. The addition of compost 
was shown to increase the overall nematode 
presence, while modifying species compostion, 
favouring bacterivorous taxa and decreasing the 
ratio of fungivorous nematodes” [28]. Composts 
may also improve the virulence of EPNs 
compared to certain other soil types [29], 
application of compost may encourage nematode 
establishment and recycling, although 
immaturely-cured compost may negatively affect 
EPNs virulence [20]. “In general, application of 
EPNs into composts, mulches, or other soil 
amendments rather than soil may protect EPNs 
from UV damage and buffer them from 
temperature and moisture extremes while 
promoting EPN movement and contact with 
pests” [7]. “Plant bodies contain various amounts 
of cellulose, chitin, flavonoids, lignin, phenols, 
ricin, saponins, tannins, terpinoids, etc., which 
significantly affect the growth of microorganisms 
and thus affect the resulting cooperating soil 
microbiome during the decomposition. However, 
the accumulation of compost in soils can affect 
the presence and abundance of the nematode 
community when applied regularly over time” 
[30]. Georgis et al., [7], Herrenet al.[20] and 
Hoitink and Boehm[31] “used compost as a 
carrier for field application of EPN use in a wide 
array of agricultural and horticultural systems”. 
Bednarek and Gaugler [32] observed that 
“organic manure resulted in increased densities 
of native population of Steinernemafeltiae as 
influenced by host population under field 
condition”. Campos-Herrera et al., [33-35] found 
a positive effect of organic soil management on 
EPN populations.  
 
4. EFFECT OF SAWDUST AS ORGANIC 

AMENDMENT ON EPNs 
 
“Sawdust is an organic waste of the saw-milling, 
pulp, paper, and wood processing industries. 
When used as mulch, sawdust mulch enhances 
soil structure, improves aeration in heavy soils, 
enhances water absorption and penetration, and 
conserves moisture and reduce evaporation and 
ultimately the distribution of soil elements within 
the plant growth profile. Sawdust is a 
carbonaceous organic substance with a high 
carbon to nitrogen ratio 300:1. Application of 
sawdust mulch has been found to increase soil 
oxygen diffusion rate, promote a more uniform 
soil temperature, reduce surface crusting and soil 
bulk density, and improve aeration porosity and 

soil moisture content. Sawdust mulch is a viable 
and sustainable soil management practice” [36]. 
“Ground covers by applying sawdust can 
significantly affect soil temperature and moisture 
in the top 12cm of soil, which may directly 
influence pathogen activity or survival. Type of 
tillage appeared to be the primary factor affecting 
soil entomopathogens whereas conservation 
tillage apparently conserves entomopathogens 
and alternate hosts” [37].  
 
“A compost and woodchip/sawdust mulch 
caused mortality of Japanese beetle, Popillia 
japonica population in blueberry with application 
of H.bacteriophora when temperatures are 
optimal to mulches” [38]. 
 
Deol et al.[39] used a “peat and bark based 
potting medium to deliver EPN to the soil via the 
use of infected host cadavers, concluding that 
this application method extended nematode 
survival and virulence to 180 days (at 25oC) in 
comparison with 60 days through aqueous 
application. The use of compost as a carrier to 
deliver EPN directly to the soil could therefore be 
useful for agricultural settings”. 
 
“Heterorhabditiszealandica together with pine 
chips, wheat straw, pine wood shavings, 
blackwood and applewood chips were evaluated 
to control diapausing codling moth, 
Cydiapomonella larvae; after application it was 
observed that IJs of H. zealandica were having < 
10% persistence” [40]. “The type of compost 
used (mulch soil amendment) based on its 
feedstock composition, the concentration of 
nutrients, and organic matter mixed with a 
specific type of soil texture had a significant 
effect on the tolerance of H.bacteriophora to 
different dehydration periods. Using Petri dish 
assays, the mulch soil amendment resulted in 
the highest G.mellonella larval mortality rate as 
compared to different organic compost 
application concentrations (mass:mass). 
Virulence and efficacy decreased over 7 days of 
progressive dehydration. Infectivity and 
survivorship of IJs of H.bacteriophora was 
improved by the use of organic compost as the 
soill undergoes progressive moisture loss” [29]. 
 
5. CONCLUSION  
 
There are various factors that define EPN 
population dynamics in agro-ecosystems. To 
improve the efficacy of EPNs as biocontrol agent 
in the field, knowledge about the physical nature 
of the agricultural soil environment is important 
Lack of predictability is partly a function of poor 
nematode persistence in the soil. Around 10% of 
the initial inoculum of EPNs may be present in 
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the soil seven days after application [41]. Many 
agricultural practices expose EPNs to extreme 
conditions (temperature, UV light etc.) that 
significantly reduce their biocontrol potential, 
even reaching the extinction of the natural 
populations. Their identification can allow us 
establishing the best practices to favor suitable 
ecological scenarios to enhance their activity. 
Improper selection of nematode species and 
strains for the climatic conditions at the release 
site as well as for the insect community present 
have been cited as possible factors affecting field 
performance [42]. Identifying the abiotic and 
biotic factors responsible for the persistence of 
endemic nematode populations, particularly the 
host community, may improve the matching of 
species and strains with the conditions of the 
habitat in which nematodes are released [43]. 
Given the drawbacks of the current application 
methods and the low field survival rates of EPN, 
there is a need for more efficient delivery 
methods for EPN into the field either through 
application of compost like sawdust to increase 
their persistence [44]. As a first step towards the 
development of new biological control methods 
for sustainable agriculture, a comprehensive 
inventory of selected beneficial organisms of a 
given agroecosystem is required, together with 
application method as well as knowledge about 
the factors that might determine their abundance 
and survival. 
 
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  
 
COMPETING INTERESTS 
 
Authorhas declared that no competing interests 
exist. 
 
REFERENCES 
 
1. Patzel N,Sticher H, Karlen DL.Soil fertility-

phenomenon and concept. J.PlantNutr.Soil 
Sci. 2000;163:129-142. 

2. Oerke EC. Crop losses to pests. J Agr Sci. 
2005;144:31-43.  
DOI:org. 10. 1017/ S0021859605005708. 

3. Kergunteuil A,Bakhtiari M,Formenti L,Xiao 
Z,Defossez E et al. Biological control 
beneath the feet: A review of crop 
protection against insect root 
herbivores.Insects. 2016;7:e70. 

4. Ehlers RU. Current and future use of 
nematodes in biocontrol: Practice and 

commercial aspects in regard to regulatory 
policies. Biocontrol Science and 
Technology. 1996;6:303-316.  

5. Jaffuel G, Mader P, Blanco-P´erez R, 
Chiriboga X, Fliessbach A, Turlings TCJ, 
Campos-Herrera R. Prevalence and 
activity of entomopathogenic nematodes 
and their antagonists in soils that are 
subject to different agricultural practices. 
Agric. Ecosyst. Environ. 2016;230:329-
340.  
Available:https://doi.org/10.1016/j.agee.20
16.06.009 

6. Ulug D, Hazir S, Kaya HK, Lewis 
EE.Natural enemies of natural enemies: 
The potential top-down impact of predators 
on entomopathogenic nematode 
populations.Ecological Entomology. 
2014;39(4). 
DOI:10. 1111 /een.12121 

7. GeorgisR, Koppenhöfer AM, Lacey LA, 
BélairG, Duncan LW, Grewal PS, Samish 
M, Tan L,Torr P, van TolRWHM. 
Successes and failures in the use of 
parasitic nematodes for pest control. 
Biological Control. 2006;38:103-23. 

8. Gaugler R. Ecological considerations in the 
biological control of soil-inhabiting insects 
with entomopathogenic nematodes. 
Agriculture, ecosystems & environment. 
1988;24:351-360. 

9. Boemare N. Biology, taxonomy and 
systematic of Photorhabdus and 
Xenorhabdus. In: Entomopathogenic 
Nematology. ed. R.Gaugler. Wallingford, 
UK: CABI Publishing. 2002;35-56.  
DOI:org/ 10.1079/ 9780851995670.0035 

10. Kaya HK. Soil Ecology. In: Gaugler R, and 
Kaya HK. (eds). Entomopathogenic 
Nematodes in Biological Control. CRC 
Press, Boca Raton, FL. 1990;93-111. 

11. Campos-Herrera R, Gómez-Ros JM, 
Escuer M, Cuadra L, Barrios L, Gutiérrez 
C. Diversity, occurrence, and life 
characteristics of natural 
entomopathogenic nematode populations 
from La Rioja (Northern Spain) under 
different agricultural management and their 
relationships with soil factors. Soil Biology 
and Biochemistry. 2008;40(6):1474-1484.  
Available:https://doi.org/10.1016/j.soilbio.2
008.01.002.  

12. Peters A. The natural host range of 
Steinernema and Heterorhabditis spp. and 
their impact on insect populations. 
Biocontrol Science and technology. 
1996;6(3):389-402.  

13. Lewis EE, Hazir S, Hodson A, Gulcu B. 
Trophic relationships of entomopathogenic 



 
 
 
 

 
5 
 

nematodes in agricultural habitats. In: 
Campos-Herrera, R. (Ed.), Nematode 
Pathogenesis of Insects and Other Pests: 
Ecology and Applied Technologies for 
Sustainable Plant and Crop Protection. 
Springer International Publishing, AG 
Switzerland. 2015;139–163.  
Available:https://doi.org/10.1007/978-3-
319- 18266-7_5 

14. Demarta L, Hibbard BE, Bohn MO, Hiltpold 
I.The role of root architecture in foraging 
behavior of entomopathogenic nematodes. 
J InvertebrPathol.2014;122:32-39. 

15. Ishibashi N, Kondo E. Steinernemafeltiae 
(DD-136) and S. glaseri: Persistence in soil 
and bark compost and their influence on 
native nematodes. J. Invertebr. 
Pathol.1986;18:310-316 

16. Helmberger MS, Shields EJ, Wickings KG. 
Ecology of belowground biological control: 
entomopathogenic nematode interactions 
with soil biota. Appl. Soil Ecol. 
2017;121:201–213.  
Available:https://doi.org/10.1016/j.apsoil.20
17.10.013.  

17. Ebssa L,Koppenhofer AM. Efficacy and 
persistence of entomopathogenic 
nematodes for black cutworm control in 
turfgrass. Biocontrol Science and 
Technology. 2011;21:779-796 

18. Shields EJ, Testa AM.Multi-year biological 
control of black vine weevil 
,Otiorhynchussulcatus, with persistent 
entomopaathogenic nematodes.The Great 
Lakes Entomologist. 2020;53(2):119-125. 
DOI:org/10.22543/0090-0222. 2377 

19. Susurluk IA, Kumral NA, BilgiliU, AcikgozE. 
Control of a new turf pest, 
Dorcadionpseudopreissi (Coleoptera: 
Cerambycidae),by the entomopathogenic 
nematode Heterorhabditisbacteriophora. 
Journal of Pest Pcience.2011;84:321-326.  

20. HerrenGL, Binnemans I, Joos L, 
ViaeneN,EhlersRU, VandecasteeleB, 
BertW, Steel H.Compost as a carrier 
medium for entomopathogenic nematodes 
- the influence of compost maturity on their 
virulence and survival. Biological Control. 
2018;125:29-38. 

21. Burkhard NE, Lynch DH,Percival DC, 
Sharifi M.Organic mulch impact on 
vegetation dynamics and productivity of 
highbush blueberry under organic 
production.HortScience. 2009;44:1-9. 

22. Renkema JM, Lynch DH, Cutler GC, 
MacKenzie K, Walde SJ.Organic mulches 
in highbush blueberries alter beetle 
(Coleoptera) community composition and 
improve functional group abundance and 

diversity.Agric.For.Entomol.2016;18:119-
127. 

23. Kurzemann FR, Plieger U,Probst 
M,Spiegel H,Sanden T,Ros M,Insam 
H.Long-term fertilization affects soil 
microbiota, improves yield and benefits 
soil.Agronomy.2020;10:1664 

24. Susurluk IA. Effects of various agricultural 
practices on persistence of the inundative 
applied entomopathogenic nematodes, 
Heterorhabditisbacteriophora and 
Steinernemafeltiae in the field. Russian 
Journal of Nematology. 2008;16(1):23-32 

25. Blanco-Pérez R, Sáenz-Romo MG, 
Vicente-Díez I, Ibáñez-Pascual S  
Martínez-Villar E, Marco-Mancebón VS, 
Pérez-Moreno I, Campos-Herrera R. 
Impact of vineyard ground cover 
management on the occurrence and 
activity of entomopathogenic nematodes 
and associated soil organisms. Agriculture, 
Ecosystems and Environment. 
2020;301(2020):10702.  
Available:https://doi.org/10.1016/j.agee.20
20.107028 

26. Lawrence JL, Hoy CW, Grewal PS.Spatial 
and temporal distribution of endemic 
entomopathogenic nematodes in a 
heterogeneous vegetable production 
landscape.Biological Control. 
2006;37(3):247-255. 
DOI.org/10.1016/j.biocontrol. 2006. 02.002 

27. Shapiro DI, Lewis LC, ObryckiJJ, Abbas M. 
Effects of fertilizers on suppression of 
black cutworm (Agrostis ipsilon) damage 
with Steinernemacarpocapsae. 
Supplement to the Journal of Nematology. 
1999;31(4S):690-693. 

28. Sikora RA., Bridge J.,Starr JL. 
Management practices:An overview of 
integrated nematode management 
technologies. In:Plant Parasitic nematodes 
in subtropical and tropical Agriculture, 
2nded:Luc M.,Sikora RA.,Bridge J.Eds; 
CAB International: Wallingford, 
UK,2005;793-825. 

29. Khumalo NN., LephotoTE.,Gray 
VM.2021.The effect of organic compost 
and soil texture on the survival and 
infectivity of  entomopathogenic nematode 
species. Archives of Phytopathology  and 
Plant Protection.54(17-18):1443-1455.  
Available:https://doi.org./10.1080/ 
03235408.2021.1914369 

30. Puissant J., Villenave C., Chauvin C., 
Plassard C., Blanchart E., Trap J. 2021. 
Quantification of the global impact of 
agricultural practices on soil nematodes: A 
meta-anaalysis. Soil Biology and 



 
 
 
 

 
6 
 

Biochemistry. 161, 108383. doi.org/ 
10.1016/j.soilbio.2021.108383 

31. Hoitink HAJ; Boehm MJ.. Biocontrol within 
the context of soil microbial communities: 
A substrate-dependent phenomenon. 
Annual Review of Phytopayhology. 
1999;37:427-446. 

32. Bednarek A, Gaugler R. Compatibility of 
soil amendments with entomopathogenic 
nematodes. Journal of Nematology. 
1997;29(2):220-227 

33. Campos-Herrera R, El-Borai FE, Duncan 
LW. Modifying soil to enhance biological 
control of belowground dwelling insects in 
citrus groves under organic agriculture in 
Florida. Biol. Control. 2015;84:53-63.  
Available:https://doi.org/10.1016/j.biocontr
ol.2015.02.002. 

34. Campos-Herrera R, Blanco-P´erez R, 
Bueno-Pallero FA, Duarte A, Nolasco G, 
SommerRJ, Rodríguez Martín JA. 
Vegetation drives assemblages of 
entomopathogenic nematodes and other 
soil organisms: evidence from the Algarve, 
Portugal. Soil Biol. Biochem. 
2019;128:150-163.  
Available:https://doi.org/10.1016/j. 
soilbio.2018.10.019 

35. Campos-Herrera R, Vicente-Díez I, 
Blanco-P´erez R, ChelkhamM, Gonzalez- ´ 
TrujilloM, delM, Puelles M,Cepulyte-
Rakauskiene R, Pou A. Positioning 
entomopathogenic nematodes for the 
future viticulture: exploring their use 
against biotic threats and as bioindicators 
of soil health. Turk. J. Zool. 2021;45:335–
346.  
Available:https://doi.org/10.3906/zoo-2106-
40 

36. Abiodun FO,Isola JO,Smart MO.Influence 
of sawdust mulch on soil properties,growth 
and yield performance of okra 
Abelmoschus esculentus(I.)Moench in an 
alfisol. FUTY Journal of the Environment. 
2022;16(3):12-22. 

37. Duncan LW, Graham JH, Zellers J, Bright 
DB, Dunn DC, El-Borai FE, Porazinska DL. 
Food web responses to augmenting the 
entomopathogenic nematodes in bare and 
animal manure-mulched soil. J. Nematol. 
2007;39:176-189. 

38. Renkema JM, Parent JP. Mulches used in 
highbush blueberry and entomopathogenic 
nematodes affect mortality rates of third-
instar Popillia japonica.Insects. 2021;12: 
907. 
Available:https://doi.org/10.3390/insects12
100907 

39. Deol YS, Jagdale GB. Canas L, Grewal 
PS.Delivery of entomopathogenic 
nematodes directly through commercial 
growing media via the inclusion of infected 
host cadavers: a novel approach. Biol. 
Control. 2011;58(1):60-67.  
DOI.org/10.1016/j. biocontrol. 2011.03.002   

40. de Waal JY, Malan AP, Addison MF. 
Evaluating mulches together with 
Heterorhabditiszealandica 
(Rhabditida:Heterorhabditidae) for the 
control of diapausing codling moth larvae, 
Cydiapomonella (L.) (Lepidoptera: 
Tortricidae). Biocontrol Sci. Technol. 
2011;21:255-270. 
Available:https://doi.org/10.1080/09583157
.2010.540749. 

41. Curran J.Post-application biology of 
entomopathogenic nematodes in soil.In: 
Bedding RA, Akhurst R. and Kaya 
HK(Eds.) Nematodes and the Biological 
Control of Insects. CSIRO Publications, 
East Melbourne, Australia. 1993;67-78. 

42. Koppenhofer AM, Shapiro-Ilan D, Hiltpold 
I.Entomopathogenic nematodes in 
sustainable food production. Front. 
Sustain. Food Syst.Sec.Crop Biology and 
Sustainability. 2020;4. 
DOI.org/10.3389/fsufs.2020.00125 

43. Brust GE. Augmentation of an endemic 
entomogenous nematode by 
agroecosystem manipulation for the control 
of a soil pest. Agriculture, Ecosystems & 
Environment. 1991;36(3-4):175-184.  
Available:https:// doi.org/ 10.1016/ 0167-
8809(91)90014-O. 

44. Shapiro-Ilan D, Dolinski 
C.Entomopathogenic nematode application 
technology.In: Campos-Herrera R.ed. 
Nematode pathogenesis of insects and 
other pests-ecology and applied 
technologies for sustainable plant and crop 
protection. Springer International 
Publishing. 2015;231-534. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

 


