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Abstract

A new species of entomopathogenic nematode (EPN) named Steinernema balochiense n. sp. belonging to the family 

Steinernematidae was isolated from Psidium guajava L., rhizophere soil samples of Balochistan, Pakistan. This new spe-

cies belongs to the carpocapsae group. The new species can be separated from other described species by morphological 

and morphometrics characteristics as well as DNA sequence polymorphisms. This new nematode species is morphologi-

cally characterized by features of infective juveniles (IJ) and males. For the IJ average body length was (455; 415–528) 

µm, distance from anterior end to excretory pore (35; 32–38) µm, pharynx length (90; 85–98) µm, tail length (44.3; 40–51) 

µm, D% and E% values (39; 36–44) and (80; 70–92), respectively. For male specimens, the diagnostic characters included 

total body length (1330; 1135–1632) µm, gubernaculum length (44.4; 40–47) µm, D% (43.8; 40–51) and ratio of GS (63.8; 

53–75). Morphological diagnostic traits for new species include the presence of a funnel shaped gubernaculum at the prox-

imal end. S. balochiense n. sp. differs from infective stage juveniles of closest species S. nepalense by having 6 ridges vs 

7 ridges in the lateral field. Molecular phylogenetic trees based on sequence of ITS-rDNA, D2D3 regions and the mito-

chondrial 12S rRNA gene supports the description of this nematode isolate as a new species.
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Introduction

Entomopathogenic nematodes (EPN) belonging to the families Steinernematidae Travassos, 1927 and 

Heterorhabditidae Poinar, 1975 have been proved as potential biological control agents against a wide range of 

insect pests (Grewal et al., 2013; Ulug et al., 2014). EPN have numerous advantages that quantify them as 

commercially valuable biocontrol agents. They are highly effective and often surpass the control results achieved 

with chemical compounds. In contrast to chemicals, which should not be displaced by water in the soil and have to 

decay within few days, EPN are mobile and persistent. They recycle inside the host causing long term sustainable 

effect on the pest population. Beneficial nematodes are more specific and are less threat to the environment than 

chemical insecticide (Ehlers & Peters, 1995). EPN are found under diverse ecological conditions including 

cultivated fields, forests, grasslands, deserts and ocean beaches (Hominick et al., 1996). Traditionally, species 

delimitation have been based on morphology and cross breeding experiments (Hominick et al., 1997), but recently

numerous molecular approaches have been applied to identify and observe the evolutionary relationship between 

different species of EPN (Nguyen & Hunt, 2007). The current study describes a new species of EPN, Steinernema 

balochiense n. sp. PAK.B.S.45 (PAK = Pakistan; B = Balochistan, S = Steinernema) from Balochistan, Pakistan, 

based on morphometrics and molecular evidence which is compared and contrasted with the previously known 

species of the same genus.
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Steinernema balochiense n. sp. can be differentiated from S. nepalense, by shorter length of gubernaculum 

(44; 40–47) vs (56; 47–60) µm; shorter E% (200; 173–256) vs (297; 243–365); lower GS% (64; 53–75) vs (79; 

70–93), proximal end of gubernaculum funnel shaped vs not funnel shaped and 23 vs 25 genital papillae.

Cross-hybridization. Progeny was not observed from cross breeding treatments. Progeny was produced in the 

shelf cross controls.

Molecular characteristics. Steinernema balochiense n. sp. is characterized genetically by sequences of the 

ITS (JX135547), D2D3 region (JX068821) of rDNA and 12SmtRNA gene (JN571100). The length of the ITS1 + 

5.8S + ITS2 sequence is 842 bp; ITS1 = 202 bp, and ITS2 = 307 bp and its composition is A = 0.2530, C = 0.1706, 

G = 0.2195, T = 0.3569. The sequence of the D2D3 region of S. balochiense n. sp. is 1031 bp long and its base 

composition is: A = 0.2290, C = 0.2123, G = 0.2742, T = 0.2845. While 12S mtRNA is 515 bp and its base 

composition is: A = 0.2984, C = 0.1417, G = 0.1940, T = 0.3654. Sequence length and composition of other species 

are presented in Table 3 and pairwise taxa comparison is given in Table 4.

Phylogenetic relationships. The phylogenetic relationships between 57 Steinernema species, based on ITS 

rDNA polymorphism are presented in Fig. 4. (For M.P, tree length = 4089, CI = 0.3706, RI = 0.6919, RC = 0.2721, 

HI = 0.6294). In this consensus tree three species, S. balochiense n. sp. S. nepalense and S. surkhetense formed a 

monophyletic group with bootstrap support of 73%. The phylogenetic relationships between 47 Steinernema 

species, based on D2D3 sequences are presented in Fig. 5 (Tree length = 2403, CI = 0.4976, RI = 0.6846, RC = 

0.3812, HI = 0.5024). In this consensus tree, four species, S. balochiense n. sp., S. websteri, S. anatoliense and S. 

nepalense formed a monophyletic group with bootstrap support of 100%. These observations provided further 

evidence for the distinctness of this species. The phylogenetic relationships between 17 Steinernema species based 

on 12S rRNA gene sequences are presented in Fig. 6 (Tree length = 733, CI = 0.5329, RI = 0.5858, RC = 0.3988, 

HI = 0.4671). The new species is placed as a sister taxon of S. scapterisci. Affiliation of these species is supported 

by a bootstrap value of 52%. 

Future possibility as biocontrol agent. This new species S. balochiense n. sp. shall be used as a biopesticide 

against insect pests in order to minimize impact of synthetic chemical pesticides. The symbiotic bacteria of S. 

balochiense n. sp. will also be identified.
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