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ABSTRACT 

The research article discusses the identification of a new local entomopathogenic nematode, "Heterorhabditis 

bacteriophora," in Uzbekistan. The article includes an analysis of its morphological and molecular characteristics. 

Additionally, the reproductive and developmental traits of this species, recognized globally as a prolific biocontrol 

agent, are elaborately presented, along with methods for its extraction from the soil. The future prospects of this 

entomopathogenic nematode's biocontrol potential and areas for further study are highlighted, making this research 

a valuable resource for scientists and biolaboratory specialists. 
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INTRODUCTION 

The initial types of entomopathogenic nematodes in 

Uzbekistan were identified in the agrobiocenosis of 

potato crops. Notably, representatives of the 

Heterorhabditidae family (Poinar, 1976) are 

distinguished by their infectious third-stage larvae, 

which can develop into either hermaphroditic or 

amphimictic females upon reaching sexual maturity. 

The research was conducted during 2020-2023, with 

soil samples collected from potato agrobiocenoses in 

the Qibray district of Tashkent region. These samples 

were thoroughly analyzed at the "Laboratory of 

Biological Protection Against Pests and Diseases" of 

the Research scientific institute of plant protection and 

quarantine in Uzbekistan. 

MATERIALS AND METHODS 

In vivo multiplication of entomopathogenic 

nematodes involves removing all residues from soil 

samples collected from the field. If necessary, the soil 
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is moistened to improve its humidity. The prepared soil 

sample is then placed in lidded plastic containers, and 

ten late-stage larvae of G. mellonella are placed on 

each soil sample. The containers are incubated upside 

down at 55% relative humidity (RH) and a temperature 

of 25°C in a dark place. Infected larvae showing specific 

signs of entomopathogenic nematode infection are 

removed from the soil after 7 – 10 days and placed in a 

"White Trap" to collect third-stage infectious 

nematodes. 

If the larvae are infected with Heterorhabditis 

nematodes, they turn reddish-brown to black. The 

suspension containing entomopathogenic nematodes 

is stored in a special flask at a temperature of 10-15°C in 

an incubator. 

For the identification of entomopathogenic nematode 

species, the following diagnostic key can be used: 

Representatives of the Heterorhabditidae family have 

both hermaphroditic and amphimictic females. 

Hermaphroditic female: 

Nematodes at the infectious larval stage turn into 

hermaphroditic nematodes after entering the insect 

body. 

The head is slightly rounded with six separate conical 

lips, each provided with a terminal papilla; small raised 

structures are sometimes visible under each lip; the 

amphidial opening is small. 

The stoma is wide but short; Cheilorhabdions are 

present, forming a ring, appearing as two refractive 

points in lateral view. 

The other parts of the stoma merge to form an 

expanded posterior area, directly connected to the 

esophagus. 

The nerve ring is located in the middle of the isthmus. 

The excretory opening is usually located on the 

posterior side of the esophagus. 

The vulva is median, slit-like, bordered by elliptical 

rings; the ovotestis is amphidelphic, reflexed. 

Ovaries are present. 

The tail is pointed and long. 

Amphimictic female: 

Smaller than the hermaphroditic female; has labial 

papillae. 

The sexual system is amphidelphic, the vulva is not 

adapted for egg-laying but rather for mating. 

Male: 

A single, reflexed testis. 

Paired spicules, separate and slightly bent towards the 

abdominal cavity. The head of the spicule is short and 

narrowed, distinct from the rest. 

The gubernaculum is usually half the length of the 

spicule. 

Formed with a bursa peloderan with nine pairs of 

genital papillae. 

Infectious stage nematode larvae: 

Third-stage infectious larvae (IL) are usually sheathed 

(due to the skin of second-stage larvae). The anterior 

area forms a mosaic pattern and longitudinal lines with 

the sheath. 

The IL cuticle has two ridges bordering a uniform line 

in lateral areas. 
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The head area has dorsal teeth. Mouth and anal 

openings are closed. 

The stoma resembles a closed chamber with parallel 

walls. 

The esophagus and intestine are poorly developed. 

The excretory opening is located behind the nerve ring. 

The tail is blunt. 

Identification of Heterorhabditis species: After 

identifying Heterorhabditis species with the help of the 

key, confirm the species by comparing its 

morphometry with the original descriptions. 

The following ratios and abbreviations are used in the 

key: IL = Infectious larvae. EP = Distance from the 

anterior end to the excretory pore. T = Tail length. E% = 

EP/T × 100. GS% = Gubernaculum length divided by 

spicule length × 100. m = micrometer. 

Table 1. 

Key to the Species of the Heterorhabditis Genus 

# Criteria Species 

1 Average body length of IL > 700 µm (736–800) H. megidis 

 

Average body length of IL < 700 µm (528–685) Go to 2 

2 IL tail short, avg. 76 µm (68–80), E% ~147 H. brevicaudis 

 

IL tail longer, avg. > 80 µm (84–119), E% = 127 or less Go to 3 

3 IL body length avg. > 600 µm Go to 4 

 

IL body length avg. < 600 µm Go to 6 

4 

IL with E% > 120, c > 7; spicular lamina with ventral 

expansion H. argentinensis 
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# Criteria Species 

 

IL with E% < 120, c < 7; spicular lamina without ventral 

expansion Go to 5 

5 

IL body length avg. 654 µm, E% ~96, c ~6.1; Male body 

width avg. 51 µm, spicule length avg. 45 µm H. marelatus 

 

IL body length avg. 685 µm, E% ~108, c ~6.6; Male 

body width avg. 41 µm, spicule length avg. 51 µm H. zealandica 

6 IL body length avg. 528 µm, E% ~94 H. indicus 

 

IL body length avg. 570 µm, E% > 100 Go to 7 

7 

IL's E% ~127; spicule avg. 47 µm, lamina with ventral 

expansion H. hawaiiensis 

 

IL's E% ~112, spicule avg. 40 µm, lamina without 

ventral expansion H. bacteriophora 

Note: IL = Infectious Larvae, E% = Ratio of Esophagus Length to Tail Length, µm = Micrometers 

(a) Morphometrics of IJS (Infectious juvenile stage) 

alone are insufficient for species identification. 

Characteristics of both male and female nematodes 

must also be considered. 

(b) IJS produced in artificial environments (cultivated 

in laboratories or commercial products) tend to have a 

shorter lifespan compared to those produced in vivo 

and may not fully meet the criteria of the original 

species description. 

(c) Male and female nematodes are collected 4 or 5 

days after the demise of the infested insect host. 

(d) For accurate species identification, measurements 

of at least 10 specimens should be taken. 
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(e) For verification of identification, the morphological 

and morphometric characteristics of the identified 

nematode at various stages should be compared and 

checked against the original described features. 

The phylogenetic relationships of entomopathogenic 

nematode species within the Heterorhabditidae family 

were studied using the mitochondrial DNA COX region 

analysis. For constructing the phylogenetic tree of the 

Heterorhabditis genus species (Heterorhabditis 

bacteriophora, Heterorhabditis indica, Heterorhabditis 

megidis), samples collected from the Surxondaryo 

region and ITS sequences of 16 species from this genus 

available in the National Center for Biotechnology 

Information (NCBI, GenBank) were used. The 

sequences were aligned using the Multiple Sequence 

Alignment by MAFFT tool 

(https://www.genome.jp/tools-bin/mafft). The data 

obtained from the comparison were edited and a 

phylogenetic tree was constructed based on maximum 

likelihood using the IQ-TREE web server 

(https://iqtree.cibiv.univie.ac.at/). The command code 

used was: path_to_iqtree -s Heterorhabditis.ph -st 

DNA -m TEST -bb 1000 -alrt 1000. The phylogenetic tree 

was visualized using the iTOL web tool 

(https://itol.embl.de/login.cgi). Heterorhabditis sp. was 

taken as the outgroup. 

The results showed that the Heterorhabditis 

bacteriophora we studied, registered in the NCBI 

database under accession number OP578207.1 

(Authors: Hassan,M., Hamad,A. and Albogame,B.), was 

placed in a monophyletic group sharing a common 

ancestor (see Image I clad), with a bootstrap support 

value of 97.4/100. Heterorhabditis indica, registered 

under accession number MK271288.1 (Authors: Rana,A. 

and Chaubey,A.K.), was also placed in a monophyletic 

group sharing a common ancestor (see Image VI clad), 

with a bootstrap value of 100/100. Heterorhabditis 

megidis, registered under accession number 

MZ675644.1 (Authors: Ozawa,S., Maehara,N., 

Takatsuka,J., Aikawa,T. and Nakamura,K.), was placed 

in a monophyletic group with a common ancestor (see 

Image VIII clad), with a bootstrap value of 100/100. 
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1 – Image. Phylogenetic tree of entomopathogenic nematode species belonging to the steinernematidae family 

CONCLUSION 

The discovery of a new local entomopathogenic 

nematode, Heterorhabditis bacteriophora (Poinar, 

1976), in Uzbekistan, and the study of its 

morphobiological characteristics highlight the 

importance of considering morphometric traits, 

including those of female and male nematodes, as well 

as the morphology of infectious larvae, for species 

identification. 

Comparative analysis of mitochondrial DNA COX 

region-based phylogenetic analysis, ITS sequences 

from NCBI (GenBank), and morphometric data of the 

studied samples revealed a match with existing data 

for Heterorhabditis bacteriophora in the NCBI 

database. 

In conclusion, the samples studied in our research and 

the ITS sequences obtained from NCBI database 

formed a single monophyletic group with the 

representatives of the same species studied by other 
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researchers. This confirms the accuracy of our research 

at the molecular level. 

REFERENCES 

1. Blaxter, M.L., De Ley P., Garey, J.R., Liu, L.X., 

Scheldeman, P., Vierstraete, A., Vanfleteren, 

J.R., Mackey, L.Y., Dorris, M., Frisse, L.M., Vida, 

J.T. & Thomas, W.K. (1998). A molecular 

framework for the phylum Nematoda. Nature 

392, 71-75. 

2. Courtney, W.D., Polley, D. & Miller, V.L. (1955). 

Taf, an improved . xative in nematode 

techniques. Plant Disease Reporter 39, 570-571.  

3. Filipjev, I.N. (1934). Miscellanea Nematologica 

1. Eine neue Art der Gattung Neoaplectana 

Steiner nebst Bermerkungen über die 

systematische Stellung der letzteren. 

Magazine de Parasitologie du Musée 

Zoologique de l’Académie des Sciences de 

l’USSR 4, 229-240. 

4. GLASER, R.W. (1932). Studies on Neoaplectana 

glaseri, a nematode parasite of the Japanese 

beetle (Popillia japonica). New Jersey 

Department of Agriculture Circular 211. 

5. Glaser, R.W. & Farrell, C.C. (1935). Field 

experiments with the Japanese beetle and its 

nematode parasite. Journal of the New York 

Entomological Society 43, 345-371. 

6. Hominick, W.M., Briscoe, B.R., Del Pino, F.G., 

Heng, J.A., Hunt, D.J., Kozodoy, E., Mráïc Ek, Z., 

Nguyen, K.B., Reid, A.P., Spiridonov, S.E., 

Stock, P., Sturhan, D., Waturu, C. & Yoshida, M. 

(1997). Biosystematics of entomopathogenic 

nematodes: current status, protocols and de. 

nitions. Journal of Helminthology 71, 271-298. 

7. Journey, A.M. & Ostlie, K.R. (2000). Biological 

control of the western corn rootworm 

(Coleoptera: Chrysomelidae) using the 

entomopathogenic nematode, Steinernema 

carpocapsae. Environmental Entomology 29, 

822-831. 

8. Kaya, H.K. & Stock, S.P. (1997). Techniques in 

insect nematology. In: Lacey, L.A. (Ed.) 

Techniques in insect pathology. London, 

Academic Press, pp. 281-324. 

9. Lacey, L.A. & Chauvin, R.L. 

(1999).Entomopathogenic nematodes for 

control of diapausing codling moth 

(Lepidoptera: Tortricidae) in fruit bins. Journal 

of Economic Entomology 92, 104-109 

10. Nadler, S.A., Adams, B.J., Lyons, E.T., Delong, 

R.L. & Melin, S.R. (2000). Molecular and 

morphometric evidence for separate species of 

Uncinaria (Nematoda: Ancylostomatidae) in 

California sea lions and Northern fur seals: 

hypothesis testing supplants veri. cation. 

Journal of Parasitology 86, 1099-1106. 

11. Nguyen, K.B. & Smart, Jr, G.C. (1994). 

Neosteinernema longicurvicaudan. gen., n. sp. 

(Rhabditia: Steinernematidae), a parasite of 

the termite Reticulitermes • avipes (Koller). 

Journal of Nematology 26, 162-174. 

12. Nguyen, K.B., Maruniak, J. & Adams, J.B. 

(2001). Diagnostic and phylogenetic utility of 

the rDNA internal transcribed spacer 

sequences of Steinernema. Journal of 

Nematology 33, 73-82. 

13. Poinar, Jr, G.O. (1986). Recognition of 

Neoaplectana species. Proceedings of the 

Helminthological Society of Washington 53, 

121-129. 

14. Poinar, Jr, G.O. (1990). Taxonomy and biology 

of Steinernematidae and Heterorhabditidae. 

In: Gaugler, R. & Kaya, H.K. (Eds). 

Entomopathogenic nematodes in biological 

control. Boca Raton, Florida, USA, CRC Press, 

pp. 23-60. 



Volume 05 Issue 12-2023 29 

                 

 
 

   
  
 

The American Journal of Applied sciences  
(ISSN – 2689-0992) 
VOLUME 05 ISSUE 12     Pages: 22-29 

SJIF IMPACT FACTOR (2020: 5. 276) (2021: 5. 634) (2022: 6. 176) (2023: 7. 361) 
OCLC – 1121105553    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher: The USA Journals 

15. Powers, T.O., Todd, T.C., Burnell, A.M., Murray, 

P.C.B., Zsalanski, A.L., Adams, B.J. & Harris, T.S. 

(1997). The rDNA internal transcribed spacer 

region as a  taxonomic marker for nematodes. 

Journal of Nematology 29, 2441-2450. 

16. Reid, A.P., Hominick, W.M. & Briscoe, B.R. 

(1997). Molecular taxonomy and phylogeny of 

entomopathogenic nematode species 

(Rhabditida: Steinernematidae) by RFLP nalysis 

of the ITS region of ribosomal DNA repeat unit. 

Systematic Parasitology 37, 187-193. 

17. Román, J. & Figueroa,W. (1994). Steinernema 

puertoricensis n. sp. (Rhabditida: 

Steinernematidae)a new entomopathogenic 

nematode from Puerto Rico. Journal of 

Agriculture, University of Puerto Rico 78, 167-

175. 

18. Seinhorst, J.W. (1959). A rapid method for the 

transfer of nematodes from. xative to 

anhydrous glycerin.Nematologica 4, 67-69. 

19. Steiner, G. (1923). Aplectana kraussei n. sp., 

eine in der Blattwespe Lyda sp. parasitierende 

Nematodenform, nebst Bemerkungen über 

das Seitenorgan der parasitischen Nematoden. 

Zentralblatt für Bakteriologie, Parasitenkunde, 

Infektions Krankheiten und Hygiene, Abteilung 

II 59, 14-18. 

20. Steiner, G. (1929). Neoaplectana glaseri n. g. n. 

sp. (Oxyuridae), a new nemic parasite of the 

Japanese beetle (Popillia japonica Newm.). 

Journal of theWashington Academy of Science 

19, 436-440. 

21. Stock, S.P., Campbell, J.F. & Nadler, S.A. (2001). 

Phylogeny of Steinernema Travassos, 1927 

(Cephalobina: Steinernematidae) inferred 

from ribosomal DNA sequences and 

morphological characters. Journal of 

Parasitology 87, 877-889. 

22. Stock, S.P., Heng, J., Hunt, D.J., Reid, A.P., 

Shen, X. & Choo, H.Y. (2001). Redescription of 

Steinernema longicaudum Shen & Wang 

(Nematoda: Steinernematidae); geographic 

distribution and phenotypic variation between 

allopatric populations. Journal of 

Helminthology 75, 81-92. 

23. Szalanski, A.L., Taylor, D.B. & Mullin, P.G. 

(2000). Assessing nuclear and mitochondrial 

DNA sequence variation within Steinernema 

(Rhabditida: Steinernematidae). Journal of 

Nematology 32, 229-233. 

24. Travassos, L. (1927). Sobre o genero 

Oxysomatium. Boletim Biologico, Sao Paulo 5, 

20-21. 

25. Kurbonova N.S. (2023): Can entomopathogenic 

nematodes be the best measure for growing 

eco-friendly agricultural products? American 

Journal of Applied Science and Technology. 

ISSN –2771-2745. Sjifimpact Factor (2023: 

7.063). Issue: Vol. 3 No. 07: Volume 03 Issue 07 

| Pages: 23-31 Crossref DOI: 

https://doi.org/10.37547/ajast/Volume03 

Issue07-06. 

26. Kurbonova N.S. (2023): First report on local 

entomopathogenic nematode Steinernema 

feltiae in Uzbekistan. International Journal of 

Advance Scientific Research, 3(07), 225–235. 

https://doi.org/10.37547/ijasr-03-07-38.

 


