Journal of Entomology and Zoology Studies 2019; 7(6): 680-686

-
=
-
e

Journal of Entomology and [oalogy Studies s

and

Zoology Stucizs

Available online at www.entomoljournal.com

E-ISSN: 2320-7078
P-ISSN: 2349-6800

JEZS 2019; 7(6): 680-686
© 2019 JEZS

Received: 17-09-2019
Accepted: 22-10-2019

Rinki Mani Kalita

Department of Nematology,
Assam Agricultural University,
Jorhat, Assam, India

Jisna George

Department of Nematology,
Assam Agricultural University,
Jorhat, Assam, India

Lipika Khataniar
Department of Agricultural
Biotechnology, Assam

Agricultural University, Jorhat,

Assam, India

Gitanjali Devi

Department of Nematology,
Assam Agricultural University,
Jorhat, Assam, India

Badal Bhattacharyya
Department of Entomology,
Assam Agricultural University,
Jorhat, Assam, India

Corresponding Author:

Rinki Mani Kalita

Department of Nematology,
Assam Agricultural University,
Jorhat, Assam, India

Occurrence of Entomopathogenic nematodes
(EPNs) from fields of Assam Agricultural
University, Jorhat, Assam

Rinki Mani Kalita, Jisna George, Lipika Khataniar, Gitanjali Devi and
Badal Bhattacharyya

Abstract

A survey was conducted for isolation of the entomopathogenic nematodes from the fields of Assam
Agricultural University, Jorhat, Assam, India. During the survey, a total of 200 soil samples were
collected from different locations of cultivated as well as uncultivated fields. Out of the total collection, 8
numbers of soil samples were positive for entomopathogenic nematodes with 4% frequency of
occurrence. Soil samples recorded Steinernema spp. (2%), Heterorhabditis spp. (1%) and Oscheius
spp.(1%). Based on morphological and morphometric studies, the Steinernema isolates were identified as
Steinernema aciari and this species was recovered from diverse habitats. The soil of Jorhat may be the
reservoir of many more species of EPNs which needs further study.

Keywords: Entomopathogenic nematodes, morphological and morphometric identification, Steinernema
sp., Heterorhabditis sp.

Introduction

Entomopathogenic Nematodes (EPNSs) are one of the biological control agents against many
economically important insect pests. Species of Steinernema and Heterorhabditis are
considered as potential biocontrol agents because of their association with parasitic symbiotic
bacteria. These EPNs are environmentally safe and there is no problem of insect resistance by
their application. Indigenous entomopathogenic nematodes may be more suitable for
innundative release against insect pests because of their adaptability to local climate [,
Steinernematids and heterorhabditids have been isolated from Indian soil by various workers
[21, Considering the viewpoint, a random survey was conducted to isolate and identify EPN
species from cultivated as well as uncultivated fields of Assam Agricultural University, Jorhat,
Assam. Findings of this research will be helpful for occurrence of the predominant species of
EPNs and to develop environmentally safe and effective management strategies for insect pest
management.

Materials and Methods

The district Jorhat falls under subtropical climatic condition with warm humid summer and
cool dry winter. Assam Agricultural University has a wide diversity of crops, such as fruit
trees, cereals, vegetables, tea and natural habitats. The Instructional Cum Research (ICR)
Farm, Experimental farm of Department of Horticulture, and Experimental farm for plantation
crops of Assam Agricultural University, Jorhat, has total area of 69.61 hectares, 16.43
hectares, and 52 hectares, respectively. These habitats are subject to various insect pests. The
recorded soil temperature was ranged from 20-30°C and the average rainfall was 135.77 mm
per month. The soils are sandy or sandy loam with a good amount of organic matter. The
organic matter content of soils ranged from 0.58% to 0.60% and pH 5.87.

Sample collection

A systematic survey was undertaken in Assam Agricultural University, Jorhat for the presence
of entomopathogenic nematodes. Two hundred numbers of soil samples were collected
randomly during the period from November 2014 to March 2017 from four habitats
(vegetation type) viz., Instructional Cum Research (ICR) Farm, Experimental farm of the
Department of Horticulture, Experimental farm for plantation crops and Fallow land.
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From each habitat 50 numbers of soil samples were collected.
Soil collected from non cultivated area that was covered by
long grass, shrubs and weeds. Each soil sample was a
composite of 5-20 random sub-samples taken in the same
location and at least 10 m away from each other and to a
depth of 20 cm, using a small shovel. Between samples, the
shovel was thoroughly ringed with water and air dried to
prevent contamination of the next sampling unit. Information
regarding date of sampling, standing crop in the field and soil
type along with GPS (Global Positioning System) location
was recorded. The soil was thoroughly mixed on a plastic
sheet and half of each sample was used for extraction of
entomopathogenic nematodes (EPNS).

Isolation of entomopathogenic nematodes (EPNs) from
soil samples

Entomopathogenic nematodes were isolated from the soil
samples by ‘nematode bait’ method B! with larvae of the
greater wax moth (Galleria Mellonella L, Lepidoptera:
Pyralidae). As G. mellonella was used as the laboratory bait
insect, it was reared on artificial diet as per the procedure ™1,
Ten last instar larvae of G. mellonella were released into the
plastic container containing 200g of soil sample. Collected G.
mellonella larvae were transferred to White traps ! and
infected cadavers were placed on a 9 cm Whatman No.1 filter
paper over a small Petri dish (50 mm x 17 mm) which was
then placed in bigger Petri dish (100 mm x 20 mm)
containing water. 1J recovered for the 5-12 following days. 1J
were stored in distilled water at 10 °C. To establish new
cultures, emerging nematodes were pooled for each sample
and used to infect new G. mellonella larvae. Only 1J collected
during the week after the first emergence from the insect
cadavers were used to establish new cultures. The colour of
G. mellonella cadavers, which ranges from cream to brown
(Steinernema spp.) or red (Heterorhabditis spp.) within 24-48
h after nematode penetration, was used for preliminary
determination of EPN genera.

Isolation of adults

The adults of first and second generation were found in the
haemocoel of cadaver; hence they were extracted by
dissection in Ringer’s solution. The dissection was done at 2-
4 and 4-5 days after inoculation (DAI) for recovering the first
generation and second generation adults of Steinernema and
Heterorhabditis, respectively. The recovered nematodes were
kept in clean ringer’s solution for further processing.

Processing of nematodes

Third stage infective juveniles in sterile distilled water and
freshly dissected out first and second generation adults in
Ringer’s solution were killed and fixed [, Killed and fixed
nematodes were further processed with slow glycerol
dehydration method [/, Permanent mounts were prepared by
transferring the nematodes to a drop of anhydrous glycerine
on a clean glass slide supported by radially placed 3 small
pieces of glass wool supports.

Light microscopic studies

The morphological identification was performed on the basis
of characters of third stage infective juveniles, and first and
second generation adults 8 using a compound microscope
(Magnus) equipped with an ocular micrometer. In addition to
the deMan formula, the other characters studied were: D%
(Distance from head to Excretory pore/oesophageal length x
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100), E% (Distance from Head to Excretory pore/tail length x
100), F% (Body width/tail length x 100), SW, GS.
Morphological and morphometrical data of the isolates were
compared with the original description of the type species.

Results and discussions

Survey data revealed that out of 200 soil samples, eight soil
samples were positive for entomopathogenic nematodes with
4% frequency of occurrence, Among the extracted
populations, 4 isolates were identified as the genus
Steinernema (2%), 2 isolates were identified as the genus
Heterorhabditis (1%) and 2 isolates were identified as the
genus Oscheius (1%). Steinernematid isolates were
designated as EPN-S-J-1, EPN-S-J-2, EPN-S-J-3.The isolates
were found from rhizosphere of mung bean, arahar and
cowpea respectively from ICR Farm, AAU, Jorhat. Another
isolate of steinernematid (designated as EPN-S-J-4) was
found from rhizosphere of citrus from the Experimental farm
of the Department of Horticulture. One heterorhabditid isolate
(designated as EPN-H-J-1) was isolated from rhizosphere of
citrus and one isolate of Oscheius (designated as EPN-0O-J-1)
was found from rhizosphere of coconut in the Experimental
farm of the Department of Horticulture. One heterorhabditid
isolate (designated as EPN-H-J-2) and another isolate of
Oscheius (designated as EPN-0-J-2) were found from
Experimental farm for plantation crops of AAU, Jorhat.
Entomopathogenic nematodes were not recovered from the
fallow land (Table 1). The nematode presence and abundance
were varied from four different habitats of most of the
sampling sites. Although EPNs were recovered at a low rate
in present study, three different species were isolated from
three different habitat (vegetation) viz., ICR field,
Experimental farm of Department of Horticulture,
Experimental farm for plantation crops. It may be resulted due
to condition of the crop land in terms of irrigation of the field,
where the temperature and the soil moisture was suitable for
their persistence. One reason for the low recovery rate
obtained in the present study, could be that only one insect, G.
mellonella, was used as bait insect and it may not be the
appropriate host for all EPN species 1. EPN distribution
depends on temperature, precipitation and soil type and is
closely related to vegetation type and presence of insect hosts
(10141 Furthermore, the choice of sampling sites may
contribute to differences in EPN recovery percentage 1.
Lower percentage of EPNs probably also due to chemical
control of insect pests in experimental fields which partially
reduces the abundance of natural biocontrol agents. However,
this low recovery has already been reported from other
surveys also %1, Rosa et al. 7 reported that most of the
surveys showed their recovery rate from soil varies from 6%
to 35% in Northern Ireland. Raj Kumar et al. [*8 reported that
out of 105 soil samples collected from Rajasthan, 5(4.76%)
were found to be positive for EPNs. Recovery frequency of
EPNs may vary from 0.7% to 70.1% [1°2°], Entomopathogenic
nematodes were not recovered from the fallow land that was
covered by long grass, shrubs and weeds. Akhurst and Brooks
21 and Griffin et al., 1 observed that entomopathogenic
nematodes were more prevalent in agricultural fields than in
natural habitats. All the eight EPN positive soil samples were
from sandy loam soil and this finding was in agreement with
the findings of the surveys conducted by Ambika and
Sivakumar 23 which revealed that the occurrence of EPNs
was more in light soils like sandy loam, sandy, loamy sand,
loam soils rather than in heavy soils. However EPNs are
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present in heavy soils like clay soil also as recorded by
Shyamprasad et al. 4 and Sosamma and Rasmi ! in the
South Andamans and Kerala, respectively. In Sri Lanka,
Heterorhabditis sp. was reported to be restricted to sandy
soils within 100 m of the sea [ 271, Since our samples were
collected from the upper soil layer, this could explain the low
recovery of Heterorhabditis sp.

Morphological studies of all the four steinernematid isolates
were undertaken and it was found to be similar to each other.
Morphological and morphometrical studies of each isolates
viz., EPN-S-J-1, EPN-S-J-2, EPN-S-J-3, EPN-S-J-4 different
life stages (infective juveniles and adults of both the
generations) revealed it to closely resemble with Steinernema
aciari (Table 2-Table 6) in most of the characters. Third stage
infective juvenile heat Killed specimens are almost straight,
slender, slightly tapering towards anterior and posterior ends.
Lip region is smooth and rounded. Oral aperture and anus
closed. Oesophagus is long and slender. Tail is wide and
straight. First generation males body are slender, smaller than
females, curved ventrally posteriorly, J-shaped in heat-relaxed
specimens. Head is truncate and slightly swollen anteriorly.
Gonad is monorchic, testis reflexes one time. Spicules are
paired, curved, separate. Spicule head is elongated, broad and
somewhat angular-shaped manubrium. Distal tip of spicule is
blunt. Gubernaculum is boat shaped in lateral view, and
ventrally curved, with a proximal knob or hook. Tail is
straight. Second generation males are similar to the first-
generation males, but slightly smaller in the body length and
other measurements. Excretory pore located more anterior
than in the first generation. Tail mucron is absent in both the
generations. First generation female body is long, little C-
shaped on heat relaxation. Head is bluntly rounded, slightly
tapering anteriorly. Basal bulb slightly enlarged. Excretory
pore opening anterior to nerve ring. Gonads are didelphic,
amphidelphic with reflexed ovaries. Vulva is a transverse slit,
protruding slightly from the body surface. Eggs are deposited
initially, but later hatching inside the female bodies. First
generation tail is usually straight and wide with a prominent
postanal swelling. Second generation females are similar to
first generation females in general morphology but smaller in
dimension. Excretory pore is located more anterior than in the
first generation females. Vulva is distinctly asymmetrical and
oblique slit in all observed specimens. Tail is not mucronated,
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tail longer than body width at anus.

The morphometrics of the infective juvenile of all the isolates
(EPN-S-J-1, EPN-S-J-2, EPN-S-J-3, EPN-S-J-4) were almost
in similarity with the type specimen of Steinernema aciari
Qiu, Yan, Zhou Nguyen & Pang, 2004 (Table2), however
differed from the type isolate in some characters such as body
length and tail length. The morphometrics of the first
generation males of all the isolates were almost in agreement
with those of the original isolate (Table 3), however differed
from the type isolate in some characters such as, body length,
position of excretory pore, SW, GS. The morphometrics of
the second generation males of all the isolates were almost in
agreement with those of the original isolate (Table 4),
however differed from the type isolate in some characters
such as body length, tail length and SW%. The
morphometrics of the first generation and second generation
females of all the isolates were differed from the type isolate
in some characters such as body length, body width, tail
length and anal body width (Table 5, Table 6). The isolates
were thus identified as Steinernema aciari, which is a new
record of this species from Assam, India. The nematode S.
aciari was isolated and described from Shantou district on the
eastern coast of Guangdong province, People’s Republic of
China 8, Nguyen and Smart, %1 observed variations in body
length, position of excretory pore, tail length and value of E%
of Steinernema glaseri in relation to time of harvest. It was
observed that body length of infective juvenile was 1464um
(1256um-1610um) on 3™ day of harvest where as body length
1306um (726 pm -1530 um) on 12" day of harvest.
Shishiniova et al. % observed that the infective juveniles of
Bulgarian strains of S. carpocapsae differed in some
morphometric characters and indexes from the known strains
from Europe, USA and South America. Morphometric
variations were observed in adult stage of both male and
female generations in some characters like pharynx, excretory
pore, tail length, spicule length and gubernaculum length, etc.
which were considered as intraspecific variations of S. aciari.
Bamel and Waghmare BY recorded S. siamkayai first time
from India. The isolate, S. siamkayai showed variation with
respect to adult stage of both male and female generations in
some characters like pharynx, excretory pore, tail length,
spicule length and gubernaculum length etc from the original
description.

Table 1: Occurrence of Entomopathogenic nematodes in AAU, Jorhat, Assam

Agro- climatic —_— Habitat No. of Soil No. of +ve Species (Nematode Latitude,
. District - Crop -
regions (vegetation) sample | texture sample Isolate) Longitude
1 Mungbe Steinernema sp. 26°43'7.896"N
an (EPN-S-J-1) 94°11'40.098"E
ICR Farm, AAU, . Sandy Steinernema sp. 26°43'07.9"N
Jorhat 50s0il) | ooy . Arahar (EPN-S-J-2) 94°11'40.1"E
1 Cownea Steinernema sp. 26%43'27.3"N
P (EPN-S-J-3) 94°12'01.5"E
Oscheius sp. (EPN-
Unper Experimental farm, 1 Coconut 0-J-1)
Brahr[r)lg utra Jorhat Deptt. of 50(soil) Sandy 1 Citrus Steinernema sp. 26°43.356" N
P Horticulture, AAU, loam (EPN-S-J-4) 94911.936" E
Valley —
Jorhat 1 Citrus Heterorhabditis sp.
(EPN-H-J-1)
Experimental farm 1 Tea Heterorhabitis sp.
. . Sandy (EPN-H-J-2)
for plantation crops, 50(soil) loam Oscheius sp. (EPN-
AAU, Jorhat 1 Tea 1S SP.
0-J-2)
Fallow land, AAU, . Sandy
Jorhat 50(soil) loam i i i i
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Table 2: Morphometrics of infective juvenile of Steinernema aciari isolate from fields of AAU, Jorhat, Assam in comparison with original
description of Steinernema aciari Qiu, Yan, Zhou. Nguyen &Pang, 2004. Measurements in um and in the form: mean+ SD (range)

Steinernema Steinernema Steinernema Steinernema Original description of
Character sp. sp. sp. sp. Steinernema aciari Qiu,
(EPN-S-J-1) (EPN-$-J-2) (EPN-S-J-3) (EPN-S-J-4) | Yan, Zhou. Nguyen & Pang,
(n=20) (n=20) (n=20) (n=20) 2004 (n=20)
Body length(L) 528.5+117.3 585+51.7 527.8+169.4 552+43.1 1113+68
(350-700) (530-640) (300-730) (450-680) (975-1250)
Body width(W) 31.4+9.6 34+4.2 30.9+10.2 26+3.7 47425
(22-40) (30-40) (18-45) (16-32) (42-53)
Anterior end to excretory 88.6+22.6 80+£15.4 83.7£21.4 91.7£12.1 95+3.7
pore(EP) (65-125) (60-100) (50-100) (70-106) (87-100)
Anterior end to nerve 94.5£19.4 98+8.4 98.0£27.6 95.3£11.4 114+5.3
ring(NR) (70-105) (90-110) (75-118) (72-106) (106-125)
Anterior end to esophagus 122.1+19.3 138+8.4 125.4+26.2 107.6+8.5 14615
base(ES) (100-130) (130-150) (87-124) (98-125) (135-157)
Tail length(T) 33.5+5.2 36+4.2 31.4+8.0 38.4+2.2 78+5.2
(25-40) (30-40) (17-48) (35-42) (68-88)
. 17.6£3.9 18.2+1.7 18.3+4.4 15.5+2.4 30+1.3
Anal body width (ABW) (15-20) (16-20) (15-22) (12-19) (28-33)
Ratio a=(L/W) 18+2.3 17.3+£1.9 17.2+1.5 21.2+1.8 24+2.1
(12-20) (15.1-20.1) (12.6-20.0) (17.1-24.2) (20-27)
. 4.1+4.8 4.2+0.2 3.8£.6.3 4.1+0.3 7.6£0.4
Ratio b=(L/ES) (3.5-5.1) (4.0-4.5) (3.4-4.5) (3.5-4.5) (7.0-8.3)
Ratio ¢ = (L/Tail) 15.9£3.3 16.3+1.1 16.6x2.4 12.1+1.6 14.4+0.5
(11.6-20.4) (15.1-17.6) (11.4-19.7) (10.1-13.6) (14-16)
54.5+£9.5 57.9£13.3 54.8+£10.9 52.2+10.1 6513
D%=(EP/ES)*100 (48-58.6) (42-76) (43.3-61.7) (50.4-60.7) (60-70)
. 1.15+15 2.2+0.8 2.2+0.8 116+0.5 123+7
E%=(EP/Tail)*100 (0.98-1.22) (1.7-3.2) (1.2-2.8) (102-128) (113-134)

Table 3: Morphometrics of first generation male of Steinernema aciari isolate from fields of AAU, Jorhat, Assam in comparison with original
description of Steinernema aciari Qiu, Yan, Zhou. Nguyen & Pang, 2004. Measurements in pm and in the form: mean+ SD (range)

Steinselgnema Stein;;nema Steinspr)nema Stein:Fr)nema Original description of Steinernema
Character (EPN-S-J-1) (EPN-S-J-2) (EPN-S-J-3) | (EPN-S-J-4) haC|ar| (1tgen male) Qiu, Yarl,
(n=12) (n=12) (n=12) (n=12) Zhou. Nguyen & Pang, 2004 (n=20)
Body length(L) 1412.5+117.6 1359.66+191.0 1316.2+164.9 1361+134.1 1597+93
(1100-1525) (1170-1452) (1035-1425) | (1050-1450) (1400-1750)
Body width(W) 85.0£6.5 91.7£12.5 94.2+7.5 96.31£1.7 104+7.7
(70-95) (80-105) (82-108) (80-110) (88-125)
Anterior end to excretory 98.5+6.5 96.3+11.5 104+14.1 108+14.4 135+10
pore(EP) (90-110) (90-110) (88-120) (85-118) (115-155)
Anterior end to nerve 120+£11.7 143.3£20.8 135.148.1 134.4+10.5 144+13
ring(NR) (120-133) (120-155) (118-144) (100-148) (118-165)
Anterior end to esophagus 155425 175+18.02 162.5+6.2 158.5+1.4 178+16
base (ES) (130-140) (125-160) (124-168) (134-150) (140-200)
Tail length(T) 40.5%1.5 46.3+5.7 35.0+4.6 36.6+2.3 40+4.4
(32-46) (40-48) (32-36) (35-40) (31-47)
. 35+£3.5 36.3+£5.7 36.4£3.4 40.6£1.8 42+4.5
Anal body width(ABW) (28-40) (30-42) (30-40) (36-48) (33-50)
Spicule length(SL) 62.5+3.5 56.66+5.7 51.8+7.5 59.5+2.4 86+6.3
(50-65) (50-60) (45-55) (56-61) (75-95)
Gubernaculum 42.5+3.5 38.33+2.8 41.4+3.7 40.3£2.0 56+5.2
length(GL) (30-45) (35-40) (15-45) (38-42) (48-65)
180£15 170£15 166+20 160+20 204+15
SW%=(SL/ABW)*100 (178-200) (166-200) (150-180) (155-180) (180-240)
62+ 6 65+ 5 4515 7045 6516
GS%=(GL/SL)*100 (60-70) (70-76) (35-50) (67-78) (57-77)
0.73+2.1 0.58+2.03 0.60+8.8 0.62+3.8 76+5
D%=(EP/ES)*100 (0.66-0.78) (0.58-0.77) (0.68-0.78) (0.69-0.75) (69-88)
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Table 4: Morphometrics of second generation male of Steinernema aciari isolate from fields of AAU, Jorhat, Assam in comparison with
original description of Steinernema aciari Qiu, Yan, Zhou. Nguyen & Pang, 2004. Measurements in um and in the form: mean+ SD (range)

Steinernema sp. | Steinernema | Steinernemasp. | Steinernemasp. | Original description of Steinernema
Character (EPN-S-J-1) sp. (EPN-S-J- (EPN-S-J-3) (EPN-S-J-4) aciari (2" gen male) Qiu, Yan,
(n=7) 2) (n=7) (n=12) (n=10) Zhou. Nguyen & Pang, 2004 (n=20)
Body length(L) 812.5+£17.67 959.6+91.1 816.2+64.9 701+34.1 1113+98
(700-920) (870-1052) (735-925) (650-750) (1000-1300)
Body width(W) 35%4.5 51.6+£12.6 44.242.5 32.3£1.8 62+2.4
(30-40) (40-65) (42-48) (30-35) (58-65)
Anterior end to 95.5+3.53 93.3+11.5 97.4+14.1 115.2+14.4 113+12
excretory pore(EP) (90-110) (80-100) (80-119) (97-144) (93-135)
Anterior end to nerve 120+9.7 123.3+20.8 125.148.1 134.4+£10.6 145+12
ring(NR) (118-126) (110-140) (114-140) (120-143) (113-165)
Anterior end to 155+2.5 175+18.1 162.5+6.2 157.3£9.5 177114
esophagus base (ES) (150-160) (155-190) (154-174) (143-170) (148-205)
Tail length(T) 35.5+1.5 43.3+5.7 39.0+4.6 40.6+0.9 3944
(30-40) (40-50) (35-48) (39-42) (33-48)
Anal body 32+3.5 33.35.7 26.4+3.4 29.1+2.6 40+2.7
width(ABW) (25-35) (30-40) (20-30) (24-32) (35-43)
Spicule length(SL) 42.5£3.5 46.6£5.7 37.8£7.5 48.5+1.4 79+£4.3
P 9 (40-45) (40-50) (25-45) (46-51) (73-85)
Gubernaculum 22.5+3.5 28.3+2.8 21.443.7 30.3¢1.1 46+3.1
length(GL) (20-25) (25-30) (15-25) (28-32) (42-51)
SW%= 170+ 20 160+ 20 150+22 195+ 15 197+21
(SL/ABW)*100 (160-180) (150-170) (140-168) (190-210) (184-247)
GS%= 55+ 2 65+2 65+ 5 62+ 4 59+8
(GL/SL)*100 (50-60) (62-68) (60-68) (60-66) (53-64)
D%= 0.65+2.1 0.54+2.1 0.60+8.8 0.6846.2 65+4
(EP/ES)*100 (0.60-0.68) (0.44-0.64) (0.48-0.68) (0.66-0.72) (61-72)

Table 5: Morphometrics of first generation female of Steinernema aciari isolate from fields of AAU, Jorhat, Assam in comparison with original
description of Steinernema aciari Qiu, Yan, Zhou, Nguyen & Pang, 2004 Measurements in um and in the form: mean+ SD (range)

Stei . . . Original description of
teinernemasp. | Steinernemasp. | Steinernemasp. | Steinernema sp. Steinernema aciari (1% gen
Character (EPN-S-J-1) (EPN-S-J-2) (EPN-S-J-3) (EPN-S-J-4) female) Qiu. Yan, Zhou
(n=12) (n=8) (n=12) (n=8) Nguyen & Pang, 2004 (n=20)
Body length(L) 1657.5£188.4 1636.4+178.2 1783.1+£188.7 1724.1+153.4 7233+£1013
(1325-1785) (1180-1710) (1600-1850) (1540-1880) (5500-8850)
Body width(W) 160.5+14.8 158.8+13.8 158+12.9 158.3+13.7 231423
(140-185) (112-165) (120-178) (160-180) (188-262)
Anterior end to 111.249.6 115.0+2.5 112.5+11.9 122.5+5.2 179+11
excretory pore(EP) (90-120) (100-120) (105-120) (100-128) (160-195)
Anterior end to nerve 126.0+8.4 131.2+14.2 134.7+16.9 130.615.6 195+18
ring(NR) (120-132) (125-138) (110-143) (112-148) (163-241)
Anterior end to 170.2+17.0 180+5.0 183.2+21.9 184.2+7.3 262424
esophagus base (ES) (128-205) (156-198) (160-204) (168-208) (220-307)
Tail length(T) 40.0£3.9 34.0+1.4 38.8+2.7 44.1+2.2 75+12
(30-43) (30-48) (30-42) (40-46) (50-92)
Anal body 55.242.1 62.5+2.4 63.1+2.9 60+2.9 83169
width(ABW) (42-68) (40-65) (40-64) (43-65) (64-91)
D%= 0.58+2.6 0.56+3.2 0.58+7.7 0.60+2.94 0.54+13.2
(EP/ES)*100 (0.50-0.60) (0.51-0.61) (0.48-0.65) (0.55-0.65) (0.442-0.68)
an\t/:fi’;rde'rfga{‘:f/::samas 70.5+1.1 68.246.8 66.7+9.6 69.742.4 52+4.1
percentage of length (68.1-72.5) (62.9-72.3) (62.8-70.9) (65.6-70.7) (47-57)

Table 6: Morphometrics of second generation female of Steinernema aciari isolate from fields of AAU, Jorhat, Assam in comparison with
original description of Steinernema aciari Qiu, Yan, Zhou, Nguyen & Pang, 2004. Measurements in um and in the form: mean+ SD (range)

Steinernema . Steinernema . Original description of
ch sp. (EPN-S- Steinernema sp. sp. (EPN-S-J- Steinernema sp. Steinernema aciari (2" gen
aracter 1) (EPN-S-J-2) 3) (EPN-S-J-4) female) Qiu, Yan, Zhou
- (n=8) - (n=8) 4. 2004 (="~
(n=12) (n=12) Nguyen & Pang, 2004 (n=20)
Body length(L) 1057.5+88.4 1136.4+78.2 1083.1+88.7 1024.1+53.4 20224247
(1025-1185) (980-1510) (700-1150) (740-1280) (1675-2425)
Body width(W) 120.5+14.8 118.8+13.8 110+9.9 88.3+13.7 102+4.2
(100-125) (110-125) (100-128) (60-100) (98-110)
Anterior end to excretory 95.2+9.6 95.0+2.5 99.5+11.9 102.5+5.2 124-7.9
pore(EP) (80-100) (90-110) (85-110) (90-118) (113-135)
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Anterior end to nerve 121.0£8.4 129.2+14.2 124.7£16.9 109.6%5.6 164+8.3
ring(NR) (100-130) (105-136) (110-133) (102-118) (150-175)
Anterior end to esophagus 157.2+17.0 175+5.0 163.2+21.9 174.2+7.3 219+6.7
base (ES) (118-200) (150-190) (140-184) (162-180) (205-225)
Tail length(T) 47.0£7.9 54.0+0.4 40.8+6.7 45.1+5.2 74+4.6
(38-50) (50-58) (30-45) (40-56) (70-85)
. 452+1.1 42.5x1.4 43.1+0.9 40£2.9 42+3.2
Anal body width(ABW) (42-48) (40-45) (40-44) (33-45) (38-48)
D%= 0.58+2.60 0.56+3.28 0.56+7.7 0.60+2.94
(EP/ES)*100 (0.52-62) (0.51-64) (0.48-0.65) (0.55-0.65)
distance fromm o et | 705211 68.246.8 66.749.6 69.742.4 5315.8
(69.1-72.6) (52.9-72.3) (52.8-75.9) (66.6-72.7) (48-60)
vulva as percentage of length
Conclusion Moghaddam M. A survey of entomopathogenic
Although, entomopathogenic nematodes were recovered only nematodes of the families Steinernematidae and

from 8 soil samples out of 200 soil samples, the recovery of
Steinernema aciari, Heterorhabditis spp. and Oscheius spp.
highlights the importance of conducting a more intensive
survey in Assam. Further studies on characterization and host
ranges of these EPN species are necessary to explore and
ascertain their possible utilization in biological control
programme of insect pests.

Acknowledgement

The authors are grateful to the Head of the Department,
Department of Nematology, AAU, Jorhat, Assam and
Director of Post Graduate Studies, AAU, Jorhat, Assam for
providing necessary laboratory facilities.

References

1.

Stock SP, Pryor BM, Kaya HK. Distribution of
entomopathogenic nematodes (Steinernematidae and
Heterorhabditidae) in natural habitats in California, USA.
Biodiversity and Conservation, 1999; 8:535-549.
Ganguly S, Rathour KS, Pandey J, Sosamma VK.
Current status of Entomopathogenic Nematodes
occurring in India along with new record of Steinernema
feltiae (Filipjev) Woults et al. from Kerala. Indian Journal
of Nematology. 2006; 36:283-285.

Bedding RA, Akhurst RJ. A simple technique for the
detection of insect parasitic rhabditid nematodes in soil.
Nematologica. 1975; 21:109-110.

David H, Kurup NK. Techniques for mass production of
Sturmiopsis inferens Tns. Biocontrol Technology for
Sugarcane Pest Management, Sugarcane breeding
institute,  Coimbatore, India, David H and
Easwarammorthy editors, 1988, 87-92.

White GF. A method for obtaining infective nematode
larvae from cultures. Science (Washington). 1927;
6(1709):302-303.

Kaya HK, Stock SP. Techniques in insect nematology.
Manual of Techniques in Insect Pathology. New York:
Academic Press, Lawrence A. Lacey Editor. 1997, 281-
324.

Seinhorst JW. A rapid method for the transfer of
nematodes from fixative to anhydrous glycerin.
Nematlogica, 1959; 4:67-69

Nguyen KB, Hunt DJ, Mracek Z. Steinernematidae:
species description.  Entomopthogenic  nematodes:
Systematics, Phylogeny and Bacterial Symbionts.
Nematology Monographs and Perspectives. Nguyen,
K.B. and Hunt, D.J. Editors. Brill, Leiden, The
Netherlands, 2007, 121-6009.

Kary NE, Niknam G, Griffin CT, Mohammadi SA,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

~ 685"~

Heterorhabditidae (Nematoda: Rhabditida) in the north-
west of Iran. Nematology. 2009; 11(1):107-116.

Nielsen O, Philipsen H. Danish surveys on insects
naturally infected with Entomopathogenic nematodes.
Bulletin OILB/SROP. 2003; 26:131-136.

Puza V, Mracek Z. Seasonal dynamics of
entomopathogenic nematodes of the genera Steinernema
and Heterorhabditis as a response to abiotic factors and
abundance of insect hosts. Journal of Invertebrate
Pathology. 2005; 89:116-122.

Campos Herrera R, Escuer M, Labrador S, Robertson L,
Barrios L, Gutierrez C. Distribution of the
entomopathogenic nematodes from La Rioja (Northern
Spain). Journal of Invertebrate Pathology. 2007; 95:125-
139.

Campos Herrera R, Johnson EG, El Borai FE, Stuart RJ,
Graham JH, Duncan LW. Long- term stability of
entomopathogenic nematode spatial patterns in soil as
measured by sentinel insects and real- time PCR
assays. Annals of Applied Biology. 2011; 158(1):55-68.
El Borai F, Stuart RJ, Campos Herrera R, Pathak E,
Duncan LW. Entomopathogenic nematodes, root weevil
larvae, and dynamic interactions among soil texture, plant
growth, herbivory, and predation. Journal of Invertebrate
Pathology. 2012; 109:134-142.

Mracek Z, Becvar S, Kindlann P, Jersakova J. Habitat
preference for Entomopathogenic nematodes, their insect
hosts and new faunistic records for the Czech Republic.
Biological Control. 2005; 34:27-37.

Hazir S, Keskin N, Stock SP, Kaya HK, Ozcan S.
Diversity and distribution of entomopathogenic
nematodes (Rhabditida: Steinernematidae and
Heterorhabditidae)  in  Turkey. Biodiversity  and
Conservation. 2003; 12(2):375-386.

Rosa JS, Bonifassi E, Amaral J, Lacey LA, Simoes N,
Laumond C. Natural occurrence of entomopathogenic
nematodes (Rhabditida: Steinernema, Heterorhabditis) in
Azores. Journal of Nematology. 2000; 32:215-222.
Rajkumar M, Parihar A, Siddiui AU. Studies on
entomopathogenic  nematodes of  Udaipur. In:
Proceedings of National Congress of Centenary of
Nematology in India: Appraisal and Future Plans. IARI,
New Delhi, 2001, 118.

Mracek Z, Becvar S. |Insect aggregations and
entomopathogenic nematode occurrence. Nematology.
2000; 2(3):297-301.

Bruck DJ. Natural occurrence of entomopathogens in
Pacific Northwest nursery soil and their virulence to the
black vine weevil, Otiorhynchus sulcatus (F.)



http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies http://www.entomoljournal.com

(Coleoptera: Curculionidae). Environmental Entomology.
2004; 33(5):1335-1343.

21. Akhurst RJ, Brooks WM. The distribution of
entomophilic  nematodes  (Heterorhabditidae  and
Steinernematidae) in  North  Carolina. Journal  of
Invertebrate Pathology. 1984; 44(2):140-145.

22. Griffin CT, Moore JF, Downes MJ. Occurrence of insect-
parasitic nematodes (Steinernematidae,
Heterorhabditidae) in the Republic of Ireland.
Nematologica, 1991; 37(1):92-100.

23. Ambika S, Sivakumar CV. Natural occurrence of
entomopathogenic nematodes in three Northern Districts
of Tamil Nadu. Indian Journal of Entomology. 2002;
64(3):288-291.

24. Shyamprasad G, Ranganath HR, Singh PK. Occurrence
of entomopathogenic nematodes in parts of South
Andamans. Current Science. 2001; 80:501-502.

25. Sosamma VK, Rasmi B. Survey of entomophilic
nematodes in Kerala. Indian Journal of
Nematology. 2002; 32(2):184-185.

26. Amarasinghe LD, Hominick WM, Briscoe BR, Reid AP.
Occurrence and distribution of entomopathogenic
nematodes in Sri Lanka. Journal of Helminthology. 1994;
68(4):277-286.

27. Ishibashi N. Behaviour of entomopathogenic nematodes.
In: The biology of nematodes. Lee DL. Editor, London,
Taylor & Francis, 2002, 511-520.

28. Qiu L, Fang Y, Zhou Y, Pang Y, Nguyen KB.
Steinernema  guangdongense sp. n. (Nematoda:
Steinernematidae), a new entomopathogenic nematode
from southern China with a note on S. serratum (nomen
nudum). Zootaxa. 2004; 704(1):1-20.

29. Nguyen KB, Smart Jr. GC. Morphometrics of infective
juveniles of Steinernema spp. and Heterorhabditis
bacteriophora  (Nemata:  Rhabditida). Journal  of
Nematology. 1995; 27(2):206.

30. Shishiniova M, Budurova L, Gradinarov D. Contribution
to the fauna of the entomopathogenic nematodes:
Rhabditida: Steinernematidae, Heterorhabditidae from
Bulgaria 1l. Biotechnology and Biotechnological
Equipment. 1998; 12:104-108.

31. Bamel V, Waghmare C. Report of Entomopathogenic
Nematode, Steinernema siamkayai (Stock, Somsook and
Reid 1998) (Steinernematidae: Nematoda) from fields of
IARI, New Delhi. Indian Journal of Nematology.
2014; 44(2):255-258.

~ 686"~


http://www.entomoljournal.com/

