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1. INTRODUCTION

Food security In mankind is facing a serious threat due to several biotic and

abiotic factors. Crop yield losses due to biotic factors include insect-pests, diseases,

weeds, nematodes and rodents that range from 15-25 per cent in India, among which

60-70 per cent loss is due to insect pests which are of great concern. Pest

management in agriculture is a challenging task in the context of increasing

productivity without deteriorating the environment. But the consumption of pesticides

has been showing an increasing trend in the countiy and accounts for 60282 metric

tons (Rajendraprasad et ai, 2016). In Kerala, the pesticide consumption is reported as

856 metric tons which accounts for per ha consumption of 0.41 kg/ha (Devi and Nath,

2016). Even though insecticides are very useful against insect pests, they are posing

problems like environmental pollution, pesticide resistance, pest resurgence, residue

in feeds, food, soil and water and some socio economic problems. So it is utmost

necessary to have a sustainable use of chemical pesticides in controlling these insect

pests for maximizing the crop yield and meeting the increased demands of

agricultural products and commercialization. Thus the demand for biocontrol agents

has been increased to overcome these problems.

Biological control of crop pests has been successfully applied in Integrated Pest

Management and also as a component in organic farming due to their target

specificity, eco safety, non-development of resistance, reduced number of

applications, yield and quality improvement. Naturally occurring entomopathogens

are important biotic factors for suppressing the populations of insects. One among the

biocontrol agents are the Entomopathogenic nematodes (EPNs) which is gaining

momentum.

EPNs are a group of nematodes causing death to insects. They belong to families

Steinemematidae, Heterorhabditidae and Rhabditidae. The genus under these families

include Steinernema/Neosteimrmma, Heterorhabditis and Rhabditis (Oscheius) and



have a symbiotic association with insect patliogenic bacteria belonging to the genera

Photorhabdus, Xenorhabdus and Serratia respectively. These nematodes have a life

cycle consisting of egg stage, four juvenile stage and adult stage. The 3"* stage

Juvenile is known as infective juvenile (IJ) which is the only free living stage found

outside the host body and is found in soil and is activated by insect movement and

then follows a gradient of CO2 to find the insect larvae by 'Cruise' and 'Ambush'

foraging to get entry into the insect's body cavity in order to kill it. EPNs enter

through the insect's natural body openings, the mouth, anus or respiratory openings

(spiracles) and then penetrate into the haemocoel from the gut. Once on reaching the

insect's blood, IJ releases the highly specialized symbiotic bacterium. The bacteria

then convert the insect into suitable food for the nematodes and produce a range of

antibiotics (Akhurst and Bedding, 1986) that preserve the dead insect from

putrefaction while the nematodes feed and reproduce in it. The death of the insect

occurs usually within 24-72 hours. Depending upon the host size, the nematode

completes 1-3 generations. Upon the depletion of food sources in the host cadaver, a

new generation of IJ is produced and comes out from the host cadaver into soil for

searching new hosts.

EPNs are preferred over other biocontrol agents as they have ability to search the

target insect leading to quick kill than any other microbial control agents and have a

broad host range infecting Coleoptera (F: Cerambycidae, Chrysomelidae,

Curculionidae, Scarabidae), Diptera (F: Tephritidae and Agromyzidae), Lepidoptera

(F: Noctuidae, Pyralidae and Sesiidae) and Orthoptera (F: Gryllotalpidae and

Acrididae) (www.nbair.res.in).They are even compatible with many pesticides, give a

long-term control and are exempted from registration considering it as one of the best

microbial control measure for the management of insect pests.

As the information pertaining to different indigenous species of

entomopathogenic nematodes effective against different pests prevalent in Kerala is

meager, the present study envisages to:
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1. Identify indigenous entomopathogenic nematodes prevalent in Kerala

2. Evaluate their pathogenicity to termites, lepidopteran and coleopteran pests
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2. REVIEW OF LITERATURE

The yield of vegetables in the tropical and subtropical regions is substantially

reduced due to the heavy infestation of insect pests. They reduce the photosynthetic

efficiency of the plant by feeding on the leaves and other foliar parts and decrease the

nutrient uptake by damaging the roots leading to a massive reduction in the

production of vegetables. As a result of this, growing concern among farming

community has led to indiscriminate use of pesticides. Due to its toxic effect, not only

the pests but also other non-target organisms are affected. The demand for biocontrol

agents has been thus increased to overcome the problems of pesticides. One among

the biocontrol agent is the Entomopathogenic Nematodes (EPN) which has been

found effective in controlling insect pests and is gaining momentum. EPNs can be

mass produced easily and applied using conventional spray equipment. The present

study envisages to identify indigenous EPNs prevalent in Kerala and to evaluate their

role as bio control agents in the management of insect pests.

Literature pertaining to isolation and identification of entomopathogenic

nematodes and its pathogenicity against insect pests are presented here.

2.1 ISOLATION AND MORPHOLOGICAL IDENTIFICATION OF EPNS FROM

SOIL

EPNs have been well known since 1923, when Steiner identified the species

Aplectana kraussei. Steiner later described a new species, Neoaplectana

(=Stememema) glaseri Steiner, from Belgium as a natural pathogen of Hoplia

philanthus FUessIy (Steiner, 1929). Glaser and Fox (1930) identified this nematode

infecting grubs of the Japanese beetle, Popillia japonica Newman at the Tavistock

Golf Course near Haddonfield, New Jersey. USA. A new species of EPN,

Heterorhabditis bacteriophora Poinar, was described in 1975, from a new genus and

family Heterorhabditidae of Rhabditida (Poinar, 1975). In the last few decades, many

new EPN isolates and species have been discovered from different habitats all over

4
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the world (Hominick, 2002). A new species of EPN, Oscheius have been found to

parasitize insect hosts using pathogenic bacteria (Nguyen and Hunt, 2007). Currently,

118 and 20 species of Steinermma and Heterorhabditis respectively have been

described from different habitats around the world (Hunt and Sergei, 2016).

Southey (1970) collected soil samples to recover EPN directly from the soil

through sugar floatation, Baermann funnel and mist extraction techniques. A new

technique was adopted by Bedding and Akhurst (1975) using GaUeria mellonella

Linnaeus larvae as trap insect for collecting EPNs indirectly from the infected hosts.

Beavers et al. (1983) collected EPNs from naturally infected host insects.

In Japan, Steinermma ktishidai Mamiya, was first isolated in Shizuoka from a

tree nursery where an outbreak and an infestation of white grubs had occurred

(Koizumi et al, 1987). Nguyen and Smart (1990) isolated 5. scapterisci Nguyen and

Smart, for the first time from the mole cricket, Scapteriscus vicinus Scudder in

Uruguay. Gardner et al. (1994) conducted a survey for studying the soil EPNs of the

Hawaiian islands and described H. hayvaiiensis (now regarded as the junior synonym

of H. indlca). Stock et al. (1996) conducted a survey of soil-dwelling insect

pathogens in northern and southern California and recovered H. hepialus (now

considered as H. marelatus after Stock) from ghost moth caterpillars (Hepialis

californicus Boisduval). Phan et al (2003) conducted a survey of EPNs in Vietnam

and three isolates were collected from forests of Backan, Ninhbinh and Kontum

provinces and described a new species H. baujardi.

Hazir et al (2003) conducted an extensive soil survey in Turkey and

recovered 22 positive samples out of 1080 and 15 were identified as Steinernema

isolates and 7 were Heterorhabditis isolates (H. bacteriophora, S. feltiae Filipjev,

S. affine Bovien). Tabassum et al (2005) conducted a survey in Pakistan from

cultivated land of fhjits and vegetable and found that out of 603 samples collected, 16

samples showed positive results. From these 12 isolates belonged to the genus
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Steinernema and 4 isolates belonged to the genus Heterorhabditis. A survey was

conducted for EPN in oak-juniper woodlands of south eastern Arizona and found that

out of 120 soil samples, 23.3% were positive for EPNs where 78.5% was

Steinernema spp. and 21.5% was Heterorhabditis spp. (Stock and Gress, 2006).

Kary et al. (2009) collected soil samples from different locations in Iran and

baited with G. mellonella larvae found that out of 833 soil samples, 27 were positive,

with 17 containing Heterorhabditis and 10 having Steinernema isolates. Khatri-

Chhetri et al. (2010) observed the natural occurrence and distribution of EPN in

Nepal and recovered 29 EPN isolates out of the 276 soil samples. Among 29 positive

samples, 7 samples yielded H indica Poinar, and 22 samples contained Steinernema

sp. with a distribution frequency of 24.14 and 75.86 per cent respectively.

Out of 105 soil samples collected from rhizosphere of lemon, cotton and

mung bean of lARI, New Delhi, 15% soil samples were positive for Steinernema sp.

and Heterorhabditis sp. (Ganguly and Singh, 2001). Hussaini et al. (2001) conducted

a survey in India and isolated 3 Steinernema spp. using Galleria baiting technique

which were later identified as S. tami and 5. abbasi. As a part of studying bio

diversity of EPN in Rajasthan, out of 707 samples collected, 14 samples found

positive to EPN of which 6 samples yielded Heterorhabditis spp. and 8 samples

yielded Steinernema spp. (Parihar, 2002).

Prasad et al. (2001) collected 139 soil samples from 10 localities representing

cultivated area, forest, scrub land and coastal sandy region of South Andaman and

reported a recovery rate of EPNs as 11.51 per cent. A total of 16 Heterorhabditis

isolates were recovered (14 from coastal sites and 2 from inland sites).

Mohandas et al. (2004) isolated a pathogenic Rhabditis (Oscheius) sp. from

the grubs and pupae of sweet potato weevil and was found to be effective against

arecanut spindle bug, Carvalhoia arecae Miller and China and rice yellow stem

borer, Scirpophaga incertulas Walker.



As a part of survey of EPNs in Kerala, 430 soil samples were collected from

coconut plantations, undisturbed areas, forest land and cowdung pits of 7 district of

Kerala. Out of these samples, 129 (30%) were positive for EPN. H. indica occurred in

128 samples (99%) and Steinernema sp. in only one sample (0.8%) (Sosamma and

Rasmi, 2002). In Kerala, Abbas (2010) isolated H. indica and S. abbasi from red

palm weevil, Rhynchophorus ferruginens Olivier, infesting date palms.

Ali et al. (2005) collected 496 soil samples from rhizosphere of pod borer

endemic territories of pigeon pea and found 8 (1.6%) positive for the presence of

EPNs. The most effective isolates were identified as S. masoodi and S. seemae

isolated from Kanpur and Hamirpur areas respectively. Another strain of S. masoodi

was isolated from Aligarh and was assigned as S. masoodi AMU EPN-1 (Khan and

Uzma, 2007), but now all these species are considered as species inquirenda due to

poor description of species.

H. indica and S. glaseri application at 100 Us per insect resulted in 80 per

cent mortality in Cosmopolites sordidus Germar and Odoiporous longicollis Oliver

under in vitro condition. Mortalit>' of weevils was 52 to 56 per cent inside the banana

rhizome (Remya, 2007).

Out of 250 soil samples collected from different locations of Guntur

district, three samples (1.2%) were found positive to EPNs and they were

morphometrically identified as S. karii Waturu and H. indica (Subbanna et al.,

2008).

Khan and ZialHaque (2010) conducted a survey in four districts of Western

U.P. Out of 231 soil samples 38 samples were positive for EPNs of which 32 samples

(84.20%) contained Steinemematids and 6 samples (15.78%) contained

Heterorhabditids. The frequency was recorded highest in Aligarh (31.6%), followed

by 26.2% in Bulandshahr and 21.1% in Moradabad.
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Vasanthi et al. (2014) gathered 110 soil samples from the cashew plantations

of the Directorate of Cashew Research and isolated six effective native strains of

EPN using insect bait technique against cashew stem borer, Plocaederus sp. These

EPNs were identified by using molecular tools and found that four isolates matched

with H. bacteriophora and two with S. abbasi.

Pervez et al. (2014) gathered 202 soil samples from ginger ecosystem of

different districts of Kerala and found seven samples positive towards EPN.

Morphometric and morphological characterization revealed that out of the 7 native

strains of EPNs, three species belong to genus Steinernema, one Heterorhabditis and

three Oscheius.

Eleven EPN isolates were obtained using Galleria baiting technique

from 436 soil samples collected from different locations of Meghalaya and

were identified as H. indica, Steinernema sp. and Mermithid sp. (Devi, 2008).

Heterorhabditis was observed as the predominant isolate in 131 EPN isolates

obtained from 930 soil samples of ten districts in Himachal Pradesh (Vashisth et

o/.,2015).

A recent survey conducted by Anes et al. (2018) reported that out of 141 soil

samples collected from Kollam, Pathanamthitta and Alappuzha, 13.5% were found

positive for the presence of EPN. They reported that soil samples collected from plots

of ICAR-CPCRI, Kayamkulam recorded 33.3% of total number of EPN isolates.

They isolated a new strain of Steinernema hermaphroditum from Pathiyoor,

Alappuzha and reported it for the first time in South India.
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2.2. MORPHOLOGICAL AND MORPHOMETRIC CHARACTERS OF EPN

Nguyen and Smart (1990) described S. scapterisci from Uruguay for the first

time. The body length of IJs is 572 fim (517-609). Excretory pore was anterior to

nerve ring with D% of about 38 tun and mucron was present in adults of both first

and second generation males. Males had a long spicuie with a prominent shaft and

lamina with a small velum, tail tapering with a pointed tip. In females, excretoiy duct

was prominent having an elliptical structure. Epiptygma was very large and well

developed. It was first released in Florida in 1985 to suppress mole crickets.

Nguyen and Smart (1992) identified another species of EPNs S. neocurtillae

from USA. In this EPN, Excretory pore was found close to head region. D% was near

to 19 pm (13-26). Mucron was absent in males of second generation, spicuie head

was one third of spicuie length. OS was about 89. Gubemaculum was three-fourth the

length of spicuie.

Anis et al. (2002) isolated 5. asiaticwn from soil samples of Pakistan and Sri

Lanka. The body length of the IJs was found between 362-452 pm. The lateral fields

had seven longitudinal ridges. Mucron was present in both generation females and in

second generation males. The shape and size of the spicuie, gubemaculum, and the

arrangements of genital papillae of the first and second generation males were

distinct.

Qiu et al. (2004) recovered a new species of EPN S. gnangdongeme from the

soil sample of Jijia town in the westem parts of the Guangdong province, the Peoples

Republic of China. This nematode is close relative to 5. longicaiidum. Body diameter

of the new species was larger and the value of EP, NE and body length/body width

ratio were smaller and tail had a dorsal constriction. In males, the new species had

longer spicuie with short manubrium, shaft not prominent and spicuie tip not

tapering. The ratios 'SW and 'GS' were also smaller. In female, the a small double

q



flapped epiptygma was present with a small projection on dorsal side of the tail tip

and prominent post anal swelling.

Anes et al. (2018) isolated S. hermaphroditiim for the first time from South

India. Male, female and hemiaphrodite lengths were 2368, 8365 and 922pm

respectively. Males had a smaller body diameter compared to females (130 vs

289pm). Both males and females had shorter tail lengths with 40 and 68pm

respectively. Males had a D% value of 47 and SW% as 133. H% of Us was found as

51.

2.3. MOLECULAR CHARACTERIZATION

Reid and Hominick (1992) reported that the clones of a specimen have the

potential to be used as a species identification tool after cloning the rDNA repeat unit

obtained from a Steinemematid nematode.

Roosien et al. (1993) reported that only one-fifth of an IJ is sufficient to

generate reproducible random amplified polymorphic DNA (RAPD) markers and

thus the amplification from single juvenile doesn't require DNA isolation.

Heterorhahditis and Steinernema from Ireland and Britain were

characterized by isoelectric focusing, DNA restriction and cross-breeding methods

and did the RFLP analysis of the ITS (internal transcribed spacer) region of the

ribosomal DNA repeat unit and reported that each species yielded its own unique

restriction fragment length polymorphisms (RFLP). They even constructed a

phylogenetic tree and concluded that RFLPs of different species identified were

suitable for taxonomic purposes (Griffin et a!., 1994).

Anis et al. (2002) described S. asiaticum isolated from Pakistan by DNA

examinations using RFLPs of the ITS region and found that rDNA repeat units of this

new species is different from other species of Steinernema. Umarao et al. (2002)

compared the genetic relatedness of S. thermophilum, a species described from India
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is well adapted under high temperature conditions with four other native isolates by

using RAPD markers and found S. thermophilum was genetically different from other

native isolates. They analyzed that RAPD analysis is an excellent tool for assessing

the genetic variability among different species of EPN in India.

An isolate of S. hermaphroditum reported from Indonesia was distinguished

from other isolates using the molecular evidence obtained from ITS rDNA RFLP

profiles, 28S rDNA sequence analysis, and phylogenetic reconstruction and thus

helped the EPN to be established as a new species (Chaerani and Stock, 2004).

Susurluk and Toprak (2005) identified three EPNs viz., S. carpocapsae,

S. feltiae and H. bacteriophora from Turkey using molecular analysis by PCR-RFLP

of the ITS region.

Duncan el al. (2006) described a new species S. diaprepesi Duncan, which

was found naturally infecting Diaprepes abbreviatus Linnaeus using de Man's

formula and was distinguished from the three closely related species S. feltiae,

S. glaseri, and S. oregonense by analyzing their DNA sequence at the ITS region.

S. carpocapsae was identified for the first time in Belgium by the ITS-rDNA

sequence study (Ansari et al, 2007). A molecular analysis of EPNs isolated from the

tropical rainforest in Brazil was conducted and identified the strains LPPI, LPP2 and

LPP4 as H. indica and LPP7 as H. baujardi using ITS sequence data. Further analysis

of the ITS I sequence of H. indica and H. baujardi showed a polymorphic site for the

restriction enzyme TthI 11 which were used to distinguish the two species (Dolinski

et al, 2008).

Ibrahim e/o/. (2010) did molecular and biochemical characterization of the

nematode-insect relationship between four nematode species, viz. S. glaseri,

S. carpocapsae, H. bacteriophora and H megdis with the third instar larvae of white

grub (Pentodon bispinosos) and found that some additional bands were induced due
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to nematode infection and esterase activity was also found to increase after 48 hrs of

infection. 65.35% and 66.2% genetic polymorphism was obtained with 104 and

80 bands for genus Steimrnema and the Heterorhabdilis, respectively. Kary et al.

(2010) identified an EPN strain as S. bicormitum and noticed differences in ITS-

rDNA PCR-RPLP with the Iranian isolate, i.e. IRA7. Later it was clarified that these

molecular differences are intraspecific variations and concluded that the Iranian

isolate was another isolate of 5. bicornutuni.

Spiridonov et al. (2011) reported a new species, S. schliemami of the

'monticolum'group from Europe which differed in at least 115 positions of the

ITS rDNA sequence (18%) with other species of the'monticolum'-group. Khatri-

Chhetri et al. (2011) placed S. lamjtingense in the arenarium-glaseri-karii-

longicaudum group on the basis of ITS-rDNA sequence analysis.

Malan et al. (2011) reported S. yirgalemen.se for the first time in South Africa

and also reported S. citrae as the second new steinemematid from the same place.

H. zealandica, H. bacteriophora and an unknown species of Heterorhabditis was also

identified on the basis of sequencing and characterisation of the ITS region.

Akyazi e/ o/. (2012) carried out the sequence analysis of the ITS regions

of ribosomal DNA of EPN isolates to identify them as H. bacteriophora and

S. feltiae and reported them for the first time from Nigeria.

Razia and Sivaramakrishnan (2014) molecularly characterized S. siamkayai

and H. indica isolated from Tamil Nadu by analysis of the ITS rDNA sequences.

Darissa and Iraki, 2014 characterized the ITS regions of six Steimrnema isolates and

found that different rDNA regions of these Steinernema isolates have different

evolutionary rates at the species level but not among different isolates of the same

species.
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2.4 PATHOGENICITY OF EPNS AGAINST INSECT PESTS

2.4.1 Coleopteran Pests

2.4.1.1 White Grubs (Coleoptera: Scarnbidae)

Ganguly and Singh (2001) conducted an experiment to study the efficacy of H.

bacteriophora against Holotrichia comanguineo Blanchard after 4 days of exposure

using filter paper impregnation method and found that the LD50 values for instars I-III

were 110, 326 and 989 Us/grub, respectively but the LD50 values differed in soil

inoculation method were very high as 1875, 5097 and 8942 IJs/grub respectively. The

effectiveness of four EPNs viz., H. indica, S. glaseri, H. bacteriophora and S.

riobrave against grubs of H. serrate Fabricius was analysed in sugarcane and

reported that the lowest LD50 value was recorded for S. glaseri (113.3 IJs/pupa)

followed by H. indica (127.0 IJs/pupa) and the lowest LT50 value was recorded for

S. glaseri (24.9 h) followed by H. indica (27.3 h) at 1000 IJs/pupa (Sankaranarayanan

et al, 2006). They also reported that when H. indica was dispensed either through

soil application or by injection of Us into the haemocoel showed 100 per cent

mortality of adult beetles within 4 DAT.

Chandel et al. (2005) reported that H. indica when mixed with FYM and

applied in potato, cent per cent mortality of second instar and 80.76 per cent mortality

of third instar white grubs, Brahmina corecea Hope were observed after 28 days of

inoculation under laboratory conditions. S. carpocapsae and H. indica when treated

against different developmental stages of B. coriacea showed significant mortality

by S. carpocapsae (68 to 93 per cent) and H. indica (39 to 71 per cent) after 7 day of

treatment at three dosages viz., 500, 1000 and 2000 IJs/lOOg soil in laboratory

studies. Field study showed that all three doses were effective in reducing the grub

population by H. indica (66 to 80 per cent) and S. carpocapsae (83 per cent) with

minimal plant damage and tuber damage (Sharma et al., 2009).
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A study conducted on efficacy of S. feltiae against third instar grub of

common cockchafer, Melolontha melolontha Linnaeus, in a laboratory experiment

at 20 and 25°C in four different concentrations; 0, 250 Us m"^, 500 Us m"^ and

1000 Us m'^ and found 34 per cent mortality at 20°C whereas only 12 per cent
mortality was achieved at 25°C. The highest mortality (53 per cent) was observed

for 1000 Us m'^ at 20 °C (Laznik et al., 2009).

In a soil and filter paper bioassay, Bhatnagar (2011) evaluated

H. bacteriophora against the life stages of Maladera imambilis Brenske for 24 h

with a high inoculation dose of 5000 Us/90 eggs/arena of 50 mm diameter and

observed that no nematode infection was developed in eggs in soil as well as on filter

paper. The experiment found that adults of M insanabilis were found to be more

susceptible than pupae with LD50 values of 16796.42 Us/lOOg soil/adult and

19896.60 Us/lOOg soil/pupae in soil assay and LD50 values of 135.80 Us/adult and

149.61 Us/pupa in filter paper assay. The adults died earlier with a lesser LT50 value

of 5.41 days and pupae with LT50 value of 5.89 days.

2.4.1.2 Japanese Beetle, PopilUo japonica Newman

Glaser (1932) discovered the nematode which had tlie ability to kill an insect

host which was later named as S. glaseri and was found to be infecting P. japonica.

Koppenhofer and Fuzy (2004) reported that H. bacteriophora treated at 100

Us/larva caused 30 per cent mortality of the second instar larva of P. japonica within

7 DAT and 5. w/wMta strain MP10 when observed 5 and 15 DAT caused only 16.5

and 43.9 per cent mortality respectively of the second instar larva at 100 Us/larva

whereas S. scarabaei showed 43 and 65 per cent mortality of tlie second instar

larva at 7 and 14 DAT respectively at 20 Us/larva.

Power et al. (2009) collected different instars of P. japonica from the fields

of Wooster, USA and exposed them at different concentrations of 0, 10, 33, 100, 330

or 1000 Us/grub of H. bacteriophora strain GPSl 1 and reported that higher control
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was seen in October than in August or September due to the more favorable

temperature for nematode activity and the presence of more susceptible larval stages

and suggested that early nematode application may also provide an opportunity

for nematodes to recycle and cause secondary infection.

2.4.1.3 Banana Rhizome Weevil, Cosmopolites sordid us Germar

Mwaitulo et at. (2011) tested the virulence of nine EPN isolates which were

isolated from the coastal areas of Tanzania and was tested against larvae and adults of

C. sordidus and found that adult stages were resistant to infection whereas the larval

stages were susceptible. Penetration, establishment and mortality were found to

increase significantly with increasing nematode dose indicating a bio control strategy

against the rhizome weevil.

Bortoluzzi et at. (2013) conducted an experiment using native isolates of EPN

for studying their interaction with insecticide (carbofuran) and found that the most

virulent isolates were IBCBn24 and IBCBn40 causing mortality of 33.3 per cent and

36.7 per cent and observed the maximum multiplication and emergence from the

corpse of C. sordidus when treated at the rate of 100 Us cm'^ of psuedostem. The

insecticide were not reported to affect the viability of the isolate but reduced its

infectivity, although it did not affect the development of the symbiotic bacterium.

Ndiritu et al. (2016) conducted a study to analyse the efficacy of three Kenyan

EPNs S. weiseri, S. yirgaiemense and a new Steinermma spp. against adults and

grubs of pseudostem weevil. Adults were treated with 500, 750 and 1000 IJs/adult in

petri dishes and 1000, 3000 and 50001Js/adult in pseudostems. The treatments were

300, 400 and 500 Us for the grubs in petridishes. The adults were not susceptible

while larvae were highly susceptible to the native EPNs at all concentrations causing

90 per cent larval mortality within 48 h.
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2.4.1.4 Pseudostem Weevil, Odoiporous longicollis Oliver

Jayasree (1992) reported cent per cent mortality of pseudostem weevil grubs

when infected with DD-136 {S. carpocapsae) at 10 days after inoculation.

Padmanabhan et al. (2002) reported that O. longicollis third-instar grubs treated with

10-70 and 80-100 IJs/grub caused 33.3 and 66.6% mortality 72 HAT.

Mwaitulo et al. (2011) conducted a study by providing different doses of 100,

500 and 1000 IJs/grub in a cylindrical piece of pseudostem and reported that with

increase in native nematode dosage the banana weevil mortality increased. But

Padilla-cubas et al. (2010) reported that the rate of mortality did not increase with

increase in dosage of Us.

2.4.1.5 Sweet Potato Weevil, Cylas sp.

Ekanayake et al. (2001) conducted an efficacy study of two EPNs H. megidis

and S. feltiae against the potato weevil, Cylas formicarius Fabricius, under laboratory

conditions in Sri Lanka and found that //. megidis caused 80-90 per cent larval

mortality whereas S. feltiae produced 70-80 percent larval mortality at 72 HAT.

Nderitu et al. (2009) conducted an experiment to study the efficacy of

S. karii and H. indica against Cylas puncticolis Boheman and reported

that both EPNs significantly suppressed emergence of adult weevils from the

tubers, reduced the number of pupae and also improved the tuber quantity and

quality. It was also found that the EPNs persisted in the soil for more than

three months after their release.

Gapasin et al. (2017) isolated native EPN isolates from 13 sweet potato

growing areas using the insect baiting method and their distribution supports the

possibility of exploiting them in an IPM management approach as biological agents

against the sweet potato weevil.
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2.4.1.6 Rhinocerous Beetle, Oryctes rhinoceros Linnaeus

Jagadeesh and Subhaharan (2014) conducted an experiment to study the effect

of S. carpocapsae and H. indica against neonate and 3"* instar grubs of O. rhinoceros

and found that mortality of third instar grubs required more number of Us compared

to neonate grub and mortality of both grubs were found to increase with increase in

the days of exposure. O. rhinoceros was found more susceptible to H. indica than

Steinernema sp. as H. indica was recovered from the dead cadavers after treatment of

a mixture of H. indica and Steinernema sp. (Sosammf), 2003).

2.4.1.7 Cardamom Root Grub, Basilcpta fuivicorne Jacoby

Cardamom rhizosphere was treated with H. indica at 100 IJs/grub during

evening hours for bio suppression of root grub. In soil column bioassay, LD 50 value

of H. indica was found to be 49.73 Us at 120 HAT against cardamom root grub

(Josephrajkumar et al., 2005).

Varadarasan et al. (2011) isolated local strains of EPN from cardamom niche

and conducted trials in farmer's plots to test its efficacy against B. fuivicorne and

found reduction in root grub population ranging from 71.43 to 93.38 per cent in EPN

treated plot. Among the different EPN application methods, EPN infected cadaver at

plant base @ 4 cadavers/plant showed a higher percentage of gnib reduction ranging

from 72 to 99.6 per cent.

Among the eight native EPN strains, Oscheius gingeri (IISR-EPN 07) and

Heterorhahditis sp. (IISR-EPN 01) caused cent per cent mortality and had an LC50

value of 48 Us/grub against B. fuivicorne after 72 h of exposure. (Pervez et al., 2016).

2.4.1.8 Storage Pest

Trdan et al. (2006) conducted a laboratory experiment to study the bioefficacy

of S. feltiae, S. carpocapsae, H bacteriophora and H. megidis at three different

doses (500, 1000 and 2000 Us/adult) and reported that all the isolates were highly



effective against Sitophilus granarius Linnaeus, at 20 and 25°C with an LC50 value of

803-1195 IJs/adult and 505-1175 IJs/adult respectively after 7 days of exposure.

Oryzaephilus surinamensis Linnaeus, was also found susceptible at 20°C with an

LC50 value of 921-1335 IJs/adult.

2.4.1.9 Others

H. indica in a laboratory experiment caused a cumulative mortality from

66.67 to 91.67 per cent to grubs of blue beetle, Leptispa pygmaea Baly, at

concentrations of 51 to 91 IJs/grub (Karthikeyan and Jacob, 2009).

Ali et al. (2012) studied the efficacy of 5". carpocapsae, S. feltiae, H. indica

and H. hacteriophora against mustard beetle, Phaedon cochleariae Fabricius, and

reported that S. carpocapsae had the maximum multiplication of Us per larvae at

25°C as compared to other nematodes and also showed maximum larval mortality

of 90 per cent in 24 h. H. indica showed 97.5 per cent larval mortality when treated

at 30°C after two days of exposure.

2.4.2 Lepidopteran Pests

2.4.2.1 Diamond Back Moth, Plutclla xylosteila Linnaeus

The infectivity of entomopathogenic nematodes on P. xylosteila was studied

by Baur et al. (1998), who reported that mortality caused by EPN was higher for

early instar larvae of P. xylosteila than late 3"* instar larvae. Suyanto and Hansen

(1999) reported that the effective nematode density of Heterorhabditis sp. against P.

xylosteila as 450 IJs/ml of water. Shinde and Singh (2000) reported that out of eight

EPN strains tested against P. xylosteila, H. bactertiophora showed the maximum

emergence of 271.4 IJs/mg host body weight and was the most virulent one with

minimum LD5oandLT5ovalueof9.16 IJs/lavva and 43.26 h respectively.
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Ganguly and Singh (2001) reported S. thermophilum, a drought resistant EPN

in India. S. thermophilum @ 3000 and 2000 Us caused 46 and 40 per cent mortality

in P. xylostella respectively (Somvanshi et ah, 2006).

Out of five different Kenyen EPN strains evaluated against P. xylostella viz.,

S. karii, H. irtdica, S. weiseri, Heterorhahditis sp and Steinernema sp., S.karii was

found to have a significantly higher ET50 (Exposure time 50) values than that of

other isolates. ET50 of these EPN strains ranged from 20.27-38.12 h (Nyasani et al.,

2007).

Gupta et al. (2009) evaluated field efficacy of S. carpocapsae and H. irtdica

and found that mortality due to S. carpocapsae against P. xylostella at

2 billion Us ha"' increased from 12.5 per cent one day after application to 52.3 per

cent fourteen days after treatments.

Among the five Ethiopian EPN isolates, Steinernema sp. HI caused 33.33,

56.67 and 82.64 per cent mortality and Heterorhahditis sp. AEH caused 26.67, 63.33

and 91.67 per cent mortality of P. xylostella larvae witli 400 Us ml"' at 24, 48 and 72

HAT (Toleraetfl/., 2016).

2.4.2.2 Cut Worm, Agrotls sp.

Hussaini et al. (2000) conducted sand column assay to study the efficacy of

EPN strains against larvae and pupae of Agrotis segetum Denis and Agrotis ipsilon

Hufhagel. They found that 5. bicornutum 3.2) and 77. ;W/co (PDBC 13.3)

showed cent per cent mortality of larvae and pupae of A. segetum. H. indica (PDBC

6.71) and S. carpocapsae (PDBC 66.1) gave cent per cent mortality of larvae and

pupae of A. ipsilon. The performance of all nematode populations was found to be

better in sandy loam soil than in sandy soil at 5 cm depth. In another study to test the

efficacy of different formulations of S. carpocapsae, S. abbasi and H. indica against

A. ipsilon, alginate formulation yielded maximum mortality (60-80 per cent) in soil

n



3^

assay and 33-47 per cent mortality in filter paper assay after 96 h of inoculation

(Hussaini et al., 2003).

S. carpocapsae @ 2,00,000 IJs/m^ was as effective as cypermethrin at

any of the concentrations in causing larval mortality of A. segetum (Lopez Robles

and Hague, 2003). Mathasoliya et al. (2004) reported that A. ipsilon population

significantly reduced on application of S. riohrave and plant damage in potato

crop was also found to reduce from 28.29 per cent to 10.92 per cent within six

days of treatment. Shapiro-llan et al. (2005) compared the pathogenicity of newly

discovered H. mexicana (MX4) with S. carpocap.se and observed a higher mortality

per cent of A. ipsilon larvae with S. carpocapsae than H. mexicana (MX 4).

Fetoh et al. (2009) conducted a laboratory experiment to evaluate the efficacy

of S. carpocapsae and H. bacteriophora against A. ipsilon larvae and observed that

both were found more effective at 100 Us than at 25 IJs/larva indicating that

mortality increases with increase in dosage. Chandel et al. (2009) conducted an

experiment to test the potential of H. bacteriophora against 3"*, 4"' and 5"' instar

larvae of A. segetum by application of 1000-5000 IJs/kg of soil and reported that

1000 IJs/kg initiated infection and caused 61.3 per cent mortality of fifth instar larvae.

Increase in exposure time and age of larvae increased the lan'al mortality.

2.4.2.3 Tobacco Caterpillar, Spodoptera litura Fabricius

A pathogenicity study conducted using 5. glaseri and H. minutus on final

instar of S. litura recorded LC50 values as 1165.2 and 4241.68 IJs/larva for S.

glaseri and H.minutus, repectively (Prabhuraj et al., 2002). Rajkumar et al. (2002)

conducted sand column bioassay tests of Heterorhabditis sp. (HUDP-1 strain)

against S. litura and recorded mortality per cent ranging from 16.7 to 88.9 when

treated with 25, 50, 75, 100, 125 and 150 IJs/caterpillar. Kumar et cr/. (2003)

conducted a bioefficacy test of Heterorhabditis sp. and recorded insect mortality
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ranging from 16.6 to 88.8 per cent. 50 per cent mortality was observed within 72 h of

exposure at lOOIJs/100 g of soil.

In a bioefficacy experiment, S. carpocapsae caused 20, 25 and 50 per cent

larval mortality when tested as food dip at 50,100 and 200 Us against S. litura,

respectively. S. carpocapsae when applied as foliar spray (50-100IJs/larva), food dip

(25-75IJs/larva) and paper wrapping method (25-751Js/larva) caused 40-60, 40-

80 and 100 per cent mortality respectively against third instar larvae S. litura (Gupta,

2003). Sitaramaiah et al. (2003) reported that S. carpocapsae when applied at the

dose of 4 lakh Us m"^ effectively controlled S. litura in tobacco nursery yielding

67 per cent mortality within two days after application. Umamaheswari et al. (2004)

studied the virulence of native strains of EPNs against S. litura and concluded that H.

indica (TNAU-EPN-Hi-3) was found to be highly virulent with a LCso of 3.53

U/larvae causing 50 per cent mortality of .S". litura larvae in 34.52 h.

Abdel-Razek and Abd-elgawad (2007) studied the pathogenicity of seven

EPN strains against the final instar larvae of cotton leaf worm, Spodoptera litttoralis

Boisduval in a petri dish assay after exposing it to a dose of 100 Us ml"' and found

that Heterorhabditis sp. ELG., H. indica, and Heterorhabditis sp. ELB gave cent per

cent mortality of larvae within 24 h of treatment. A soil bioassay was conducted and

it was found that H. indica had a quicker mortality rate with lower LT50 (32-81 h)

compared to S. carpocapsae (33-87 h) against third instar S. litura when exposed to a

dose of 5 to 35 Us/larva. The experiment also reported a lower LC50 value of H.

indica than that of S.carpocapsae in 10 per cent moisture of sand, red and black

soils after 48 h of treatment in third instar larvae of S. litura (Raveendranath et al.,

2007).

Gupta et al. (2008) reported 100 per cent mortlity of 3-5 instar larvae of

S. litura after 96 h of treatment in laboratory conditions by a local isolate of

S. carpocapsae. Fifth instar larvae of S. litura showed maximum multiplication of



3.29x1 o' IJs/larvae when treated with 160 IJs/iarva and LC50 values ranging from

11.41-27.17 IJs/larva when considering all the instars. Pervez and Ali (2009)

observed that in vivo production on S. litura showed the maximum yield of

S. mushtaqi (0.79x10^ IJs/cadaver) followed by 5". seeviae (0.72xl0' IJs/cadaver),

S. carpocapsae (0.67x10^ IJs/cadaver) and S. masoodi (0.51x10^ IJs/cadaver).

Adiroubane et al. (2010) tested the efficacy of Steinernema siamkayai against

3"*' 4* and pre pupal instar of S. litura and reported that with increase in the

concentration of the Us the susceptibility of larvae also increased. A bioeflficacy test

evaluated under laboratoiy conditions using H. indica and S. carpocapse found that

the 3"* and 4"' instar larvae of S. litura when exposed to 2, 5, 10, 20 and 40 Us cm*^

recorded highest mortality of 4"' instar larvae than 3"* instar lavae. H. indica was

found to be the best causing significantly higher mortality than S. carpocapse at

lower Us level. The level of Us didn't affect the reproductive potential of nematode

(Holajjer et al., 2014).

2.4.2.4 Gram Pod Borer, Helicoverpa armigera Hiihner

Prabhuraj et al. (2006) found that there was cent per cent mortality of third

instar larvae @ 100 Us/larva and 94.7 per cent mortality in case of fourth instar

inferring that third instar larvae of H. armigera are more susceptible than fourth

instar.

Saravanapriya and Subramanian (2007) reported an LC50 value of 10.51 Us

and 104.45 Us of H indica against larvae and pupae of H. armigera respectively.

LC50 value of 122.73 Us was observed for pupal stages of H. armigera by S. glaseri.

In a filter paper assay H. armigera was found highly susceptible to H. indica causing

73-100 per cent mortality within 48 h after treatment with a LC50 value of 290

Us/larva (Prasad et al., 2012).
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Ali and Ahmad (2009) conducted a sand assay test in pot and field conditions

and observed that the maximum mortality of soil dwelling stage (pupa) of

H. armigera was recorded in a dose of 200-500 Us of S. masoodi in 100 g of soil. The

adult emergence from pupa was observed as 15-25 per cent as compared to 95 per

cent in control. In field condition, vvhen a dose of 6 xlO^ Us of S. masoodi applied in

a plot of 50x50 cm recorderd 12 per cent adult emergence against 92 per cent in

control. In a laboratory experiment for evaluating the pathogenicity of H. indica

against larvae of H. armigera, 15, 20, 28 and 40 per cent mortality of 2"'' , 3"^ , 4"^

and final instar larvae of H. armigera was observed when exposed for 24 h and

treated at 300 Us/larva (Divya et aL, 2010).

2.4.2.5 Yellow Stem Borer, Scirphophaga inccrtvliis Walker

Rao et al. (1971) found that there was reduction in rice yellow stem borer,

S. incertulas incidence on spraying of Steinemerna sp. (DD-136) or its application in

standing water, Katti et al. (2003) found that topical application of Oscheius sp. at

40 Us/egg mass isolated from vertisols of Hyderabad was infecting egg masses of rice

yellow stem borer. It prevented hatching up to 16 per cent of the eggs in an egg mass

and mortality of the infected larvae ranged from 11 to 98 per cent.

A work conducted by Padmakumari et al. (2007) reported that Rhabditis sp.

caused mortality of egg mass and neonate larvae of rice yellow stem borer at 500

Us/larvae at 31 h. The EPN was found more effective during dry season than in wet

season.

2.4 J Dipteran

Rinker et al. (1995) found S. feltiae and H. heliothidis causing 38 per cent and

52 per cent mortality respectively of mushroom sciarid, Lycoriella mali Fitch. S.

feltiae when applied at 30 U per larvae caused 78 per cent mortality of mushroom fly,

Megaselia haltera (Scheepmaker et al., 1998).
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Gazit et al. (2000) evaluated 12 EPN strains against the Mediterranean fruit

fly, Ceratitis capitata Wiedemann and found that S. riobrave Texas (Sr TX) and

Heterorhabditis sp. IS-5 (H lS-5) showed the highest mortality of more than 80 per

cent whereas six EPN strains showed less than 30 per cent mortality and four strains

showed less than 20 per cent mortality. EPN infectivity was directly related to

nematode density with the maximum activity shown at a density of 150 Us cm"^. The

EPNs remained virulent in the soil for about 5 days but there was no activity after 14

days.

Mortality of Bactrocera cuairbitae Coq. larvae ranged from 6- 47 per cent at

an inoculum level of 50, 100 and 200 IJs per larvae by Rhabditis sp. They also

reported 87 and 100 per cent mortality at 48 and 72 h after treatment respectively

when treated with 200 IJs per larvae (Sheela et al, 2002). Hussein et al (2006)

conducted a filter paper assay and reported that S. feltiae caused 50 per cent mortality

of 2"** instar larvae of Dacus ciliatus Loew at 100 IJs/larvaeand recorded 90 per cent

mortality at 500 IJs/larvae. At the 7"^ day of application of EPN, mortality reached

100 per cent for both the two concentrations.

Jacob and Mathew (2016) studied the effectiveness of entomopathogenic

nematodes isolated from soils of Kerala in causing mortality to Liriomyza trifolii

Burgess maggots inside the mines. They reported that S. carpocapsae Isolate 1

(Kannara) was found to be more effective against L. trifolii larvae with lowest LCso

value (1.79/ maggot).

2.4.4 Hemipterans

Sandner and Pezowicz (1983) conducted laboratory experiments in Poland

against cabbage aphid, Brevicoryne brassicae Linnaeus and reported 100 per cent

mortality after 48 h when treated with 10 IJs insect"'

Brown et al. (1992) conducted field trials against Eriosoma lanigerum

Hausmann, in an unsprayed 6 and 4 year old apple orchards in West Virginia to test
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the efficacy of broadcast spray and topdressing applications of nematodes at
A

3, 76,600 Us m" and found that the broadcast spray trees had fewer aphid colonies on

roots than the untreated controls, but the topdressing treatment had no effect.

Farag (2002) evaluated the pathogenicity of two native Egyptian isolates,

H. tayseareae and S. carpocapsae S2, against Aphis fabae Scopoli and found that A.

fabae was highly susceptible in laboratory conditions and a single spray of 1000 Us

ml"' of either H. taysearae or S. carpocapsae S2 provided a mortality of 58.33 per

cent, after one week of application when applied to soyabean plants infested with A.

fabae under greenhouse conditions.

Mohandas et al. (2004) isolated a pathogenic species Rhabditis (Oscheius) sp.

which was found to be effective against arecanut spindle bug, Carvalhoia arecae

Miller and China.

A laboratory experiment was carried out using five native isolates and

standard culture, H. indica and S. glaseri at 10, 25, 50 and 100 Us/rice bug. Isolate 5

proved the best with cent per cent mortality at lowest inoculum level of 10 U (Sheela

et al., 2006).

Kumar and Ganguly (2011) conducted a leaf disc assay and reported that

S. thermophihim caused 83.00 per cent mortality at 50 Us ml"' within 72 h after

inoculation and 100 per cent at 500 Us ml"' within 48 h against third instar nymphs of

solenopsis mealybug, Phenacoccus solenopsis Tinsley. In case of Aphis gossypi

Glover, S. thermophilum caused 66 and 83 per cent mortality @ 50 and 500 Us ml"',

respectively after 3 days of treatment. Maketon et al. (2011) reported that H. indica

was able to penetrate and kill A. gossypii but reproduced poorly.

2.4.5 Termites

Nancy and John (1988) found that termite workers of Reticulitermes flavipes

Kollar were susceptible to 5. feltiae in laboratory tests, but large numbers of

nematodes were required for mortality. LD50 was estimated as 1.5 x 10^ Us per

termite in standard filter paper assays.
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Zadji et al. (2014) reported that workers of Macrotermes bellicosus

Smeathman was higlily susceptible to 50 Us of H. indica, H sonoremis, H

sonorensis and Steinernema sp. resulting in 96.3, 87.9, 94.5 and 75.0 per cent

mortality respectively whereas these EPN isolates caused 91.7, 98.5, 75.0 and 95.0

per cent mortality of workers of Trinervitermes occidental is Snyder under the same

conditions.

Razia and Sivaramakrishnan (2016) conducted a sand assay test and found

that S. pakistanense showed cent percent mortality of both R. JJavipes and

Odontotermis hornei within 24 h of treatment than S. siamkayai. H. indica caused

cent per cent mortality at 48h with 250 Us ml"'. H. indica required less number

(5Us/termites) and less time (20 h) to cause significant mortality against R. fla\'ipes.

S. pakistanense was found to produce more offspring within termites.

Wagutu et al. (2017) reported cent per cent mortality of Coptotermes

formosanus with 100 Us/ termite of S. karii at 96 HAT.
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3. MATERIALS AND METHODS

The study was aimed to isolate indigenous entomopathogenic nematodes

(EPNs) from the fields of vegetables, banana and coconut of Thiruvanathapuram,

Kollam, Pathanamthitta and Alappuzha districts of Kerala by soil sampling and to

determine their potential in causing mortality to important pests of horticultural crops.

The isolates collected were identified through taxonomic keys and further confirmed

by molecular characterization.

3.1 ISOLATION OF INDIGENOUS EPNs

A random sampling of EPN isolates was conducted in four districts of Kerala

and they were screened against test insects. Taxonomic identification was carried out

at the Department of Nematology, College of Agriculture, Vellayani, Kerala. A total

of forty soil samples were collected from rhizosphere region of different crop

habitats. The soil samples were collected from fields having extensive cultivation of

the respective crops.

3.1.1 Sampling

Soil samples and dead cadavers were collected from the rhizosphere of above

mentioned crops. Top soil from the base of the plant was removed and around 500 cc

soil samples were collected from a depth of 10-30 cm. The collected samples were

put in polythene bags of 150 gauge thickness, tied with a rubber band. Information

regarding date of sampling, standing crop in the field and soil type along with GPS

(Global Positioning System) location was recorded. Samples were maintained in

refrigerated conditions for further processing. The soil was thoroughly mixed and

250cc of each sample was used for extraction of EPNs.
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3.1.2 Rearing of Trap Insect, Rice Moth (Corcyra cepJtalonica Stainton)

Corcyra cephalonica was reared in the laboratory of Department of

Nematology on diet prepared with crushed maize. The crushed maize was sterilized

in an oven at 100°C for 30 minutes in the laboratory. Broken groundnut kernel

(ICQ g) was transferred to each basin and the contents were hand mixed. Dry yeast

and wettable sulfur was added @ 5g per basin and were mixed thoroughly. Two

hundred numbers of 3"'instar C. cephalonica larvae were collected from Biocontrol

laboratory at Parottukonam and were released in 2.5 kg of feed in plastic containers

and covered with a piece of muslin cloth (Plate I). The plastic containers were kept in

room temperature in the laboratory. The moths were collected and transferred to

separate oviposition containers for egg laying. The eggs collected from oviposition

containers were put in fresh artificial diet for maintaining the culture of C.

cephalonica larvae.

3.1.3 Isolation of Indigenous EPN

The larvae of C.cephalonica were used to concentrate EPN from the soil

samples. Fifth instar larvae reared in standard medium was used for trapping EPN as

described by Woodring and Kaya (1988).

3.1.3.1 Insect Baiting Technique

EPNs were isolated from the soil samples by the method described by

Bedding and Akhurst (1975) with larvae of C. cephalonica. The soil samples were

homogenized before they were baited. Ten fifth instar larvae of C. cephalonica were

released into the plastic container containing 200 g of soil sample. Baited samples

were stored in dark at room temperature (26±2°C) (Plate 2). Samples were monitored

for mortality upto 12 days. Insect cadavers from each soil sample were taken out and

examined for infection.



Plate 1. Rearing of rice moth larvae

Plate 2. Baiting of soil samples
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3.1.3.2 Extraction ofInfective Juveniles (White trap technique)

Fifth day after baiting, soil from the plastic containers were emptied into a pan

and observed the larvae for infection by the EPNs. Dead larvae were collected from

the container and was surface-sterilized in 1.0% sodium hypochlorite solution for

3 minutes, then washed three times in sterile distilled water (Chandler et ah,

1997) and placed in "White trap" (Wliite, 1927). To make "White trap" an inverted

watch glass was placed in a sterilized petri dish. Sterile distilled water, 50 ml, was

poured into the petri dish. A Whatman No. 1 filter paper was plaeed over the watch

glass so that it comes in contact with the liquid surface. Infected dead larvae were

placed on the filter paper over the edge of the watch glass (Plate 3A). Infective

juveniles (Us) of EPN started to emerge from sixth to tenth day after infection (Plate

3B). The emerged Us were collected in tissue culture flasks containing 0.1 per cent

formaldehyde and kept in BOD incubator at 15°C.

3.2 SCREENING OF EPN UNDER IN VITRO CONDITIONS

3.2.1 Test Insects

Termites, cowpea aphids, tobacco caterpillar and banana pseudostem weevil

were used as the target pests.

Design: CRD

3.2.1.1 Termites, Odontotermes obesus

Termites were collected from the termatarium and were maintained in a

container at room temperature (25-30 °C) in the laboratory (Plate 4A). Virulence of

EPN isolates were studied in sand assay method where lOg of dry sand was

uniformly spread in each petri plate lined with moist filter paper and 300 IJs/aduIt

was applied to each petri dish. Fifty worker termites were introduced into the petri

dish (Plate 4B). Termite mortality was recorded at 24 hours after treatment (HAT).
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A. White trap used for extraction of IJs
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B. Suspension of IJs (lOOX)

Plate 3. Extraction of native EPN stains
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Dead termites were placed in the white trap for Us extraction. Nematodes that

emerged from the dead termites were collected. Colour change in termites were

recorded at 72 HAT and number of Us emerged out of each termite was counted

under stereozoom microscope. The treatment was replicated five times. Sterile water

was used as control.

3.2.1.2 Apltids, Aphis craccivora

Cowpea plants were raised in the glass house of Department of Nematology

and aphids (Aphis craccivora) were reared in these plants. Twigs of cowpea plant

infested with heavy population of aphids were collected and kept in healthy plants

maintained in the glass house (Plate 5A). Preceding the experiment, non alate adults

were collected and 50 numbers were brushed out into the petri dish lined with moist

filter paper. Nematode suspension containing 300 Us/aphid was inoculated into each

petridish (Plate 5B). The treatment was replicated five times along with sterile water

as control. Cowpea leaves were provided as food source in the petri dish. The

experiment was repeated for all the native EPNs isolated. Number of dead aphids was

recorded at 24 HAT and was placed in white trap for extraction of Us. Colour change

in aphids was recorded. Nematodes that emerged from the dead aphids were

collected. Number of Us emerged out of each aphid at 72 HAT was also counted

under stereozoom microscope using a counting dish.

3.2.1.3 Tobacco Caterpillar, Spodoptera litura

Egg masses of S. litura were collected from field and were kept in a plastic

trough which was maintained inside an insect cage for 3- 5 days. Hatched larvae were

separated into a clean trough containing banana leaves and were covered with a piece

of muslin cloth. Third instar larvae were transferred to the petridish lined with moist

filter paper. Nematode suspension containing a concentration of 300 Us/larva was

inoculated into each petridish. The treatment was replicated five times along with a

control in which sterile water was used. Banana leaves were provided as a food
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A, Termatarium

B. Experimental set up

Plate 4, Pathogen Icity study of native EPNs against termites
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A. Aphid infested cowpea plant B. Experimental setup

Plate 5. Pathogenicity study of native EPNs against aphids

Plate 6. Pathogenicity study of native EPNs against tobacco caterpillar



source in the petri dish (Plate 6). The experiment was repeated for all the native EPNs

isolated. Number of dead larvae was recorded at 24 HAT and was placed in the white
trap for extraction of Us. Colour change in cadaver was recorded. Nematodes that

emerged from the cadavers were collected. Number of Us emerged out of each
cadaver at 72 HAT was also counted under stereozoom microscope using a counting
dish.

3.2.1.4 Banana Pseudostcm Weevil, Odoiporous longicollis

Fourth instar grubs of pseudostem weevil were collected from infested banana

plants (Plate 7A). Fresh 5 cm long pseudostem was taken for the experiment.
Nematode suspension with a concentration of 300 Us per grub was inoculated into
already made incision in the pseudostem (Plate 7B). Five 4"^ instar grubs of
pseudostem weevil were then introduced into treated pseudostem and kept
undisturbed (Plate 7C&D). The treatment was replicated five times. The pseudostem
kept as control was inoculated with sterile water. The experiment was repeated for all
the native EPNs isolated. Number of dead grubs was recorded at 24 HAT and was

placed in the white trap for extraction of Us. Colour change in cadaver was recorded.

Nematodes that emerged from the cadavers were collected. Number of Us emerged
out of each cadaver at 72 HAT was also counted under stereozoom microscope using
a counting dish.

3.3 PATHOGENICITY OF EPNS

The indigenous isolates were evaluated for the pathogenicity against the test

insects (termite, aphid, tobacco caterpillar and pseudostem weevil grubs) in the

laboratory and their effective doses were determined. The test insects were treated

with different concentration of Us (10, 50, 100 and 200 Us/insect) and were

incubated at room temperature. Each concentration of indigenous isolates was

replicated four times. Mortality of the insects was recorded at 24, 36, 48, 60 and 72
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A. Pseudostem weevil grubs B. Inoculation of IJs

C. Release of grubs D. Experimental setup

Plate 7. Pathogenicity study of native EPNs against pseudostem weevil grubs



HAT. The corrected mortality percentage was worked out by using Abbott's formula

(Abbott, 1925) and compared with that of standard chemical.

Corrected mortality (Abbott, 1925) = [T-C]
xlOO

100-C

Where T- mortality in treatments C -mortality in control

33.1 Termites

Design- CRD

Treatments- 10, 50, 100, 200 Us of three indigenous isolates, sterile water and

chemical check

Replication- Four

The concentration viz., 10, 50, 100 and 200 Us of three indigenous isolates

were taken from the stock culture. Termite culture was maintained as mentioned in

3.2.1.1 and fifty termites were released into the petri plate. Chlorpyriphos 20 EC

0.2 % was used in chemical check for the experiment. Mortality was noted at 24, 36,

48, 60 and 72 HAT. The cadavers were transferred to white trap apparatus and the

emerging Us were collected (Plate 8A).

33.2 Aphids

Design- CRD

Treatments- 10, 50, 100, 200 Us of three indigenous isolates, sterile water and

chemical check

Replication- Four

The concentration viz., 10, 50, 100 and 200 Us of three indigenous isolates

were taken from the stock culture. As mentioned in 3.2.1.2 the experimental set up



was made and fifty non-alate aphids were transferred into the petri plate. Dimethoate

30 EC 0.2 % was used as chemical check for the experiment. Mortality was noted at

24, 36, 48, 60 and 72 HAT. The cadavers were transferred to white trap and the

emerging Us were collected (Plate SB).

3.3.3 Tobacco Caterpillar

Design- CRD

Treatments- 10, 50, 100, 200 Us of three indigenous isolates, sterile water and

chemical check

Replication- Four

The concentration viz., 10, 50, 100 and 200 Us of three indigenous isolates

were taken from the stock culture. As mentioned in 3.2.1.3 the experimental set up

was made and ten larvae were released into the petri plate. Flubendiamide 39.35 SC

0.01 % was the chemical check for the experiment. Mortality was noted at 24, 36, 48,

60 and 72 HAT. The cadavers were transferred to white trap and the emerging Us

were collected (Plate 8C).

3.3.4 Pseudostem Weevil

Design- CRD

Treatments- 10, 50, 100, 200 Us of three indigenous isolates, sterile water and

chemical check

Replication- Four

The concentration viz., 10, 50, 100 and 200 Us of three indigenous isolates

were taken from the stock culture. As mentioned in 3.2.1.4 the experimental set up

was made and ten pseudostem weevil grubs were released into the pseudostem.

Chlorpyriphos 20 EC 0.2 % was the chemical check for the experiment. Mortality



was made and fifty non-alate aphids were transfeired into the petri plate. Dimethoate

30 EC 0.2 % was used as chemical check for the experiment. Mortality was noted at

24, 36, 48, 60 and 72 HAT. The cadavers were transferred to white trap and the

emerging Us were collected (Plate 8B).

3J.3 Tobacco Caterpillar

Design- CRD

Treatments- 10, 50, 100, 200 Us of three indigenous isolates, sterile water and

chemical check

Replication- Four

The concentration viz., 10, 50, 100 and 200 Us of three indigenous isolates

were taken from the stock culture. As mentioned in 3.2.1.3 the experimental set up

was made and ten larvae were released into the petri plate. Flubendiamide 39.35 SO

0.01 % was the chemical check for the experiment. Mortality was noted at 24, 36, 48,

60 and 72 FLAT. The cadavers were transferred to white trap and the emerging Us

were collected (Plate 8C).

3.3.4 Pseudostem Weevil

Design- CRD

Treatments- 10, 50, 100, 200 Us of three indigenous isolates, sterile water and

chemical check

Replication- Four

The concentration viz., 10, 50, 100 and 200 Us of three indigenous isolates

were taken from the stock culture. As mentioned in 3.2.1.4 the experimental set up

was made and ten pseudostem weevil grubs were released into the pseudostem.

Chlorpyriphos 20 EC 0.2 % was the chemical check for the experiment. Mortality
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A. Termites B. Aphids

C. Tobacco caterpillar D. Pseudostem weevil

Plate 8. White trap of test insects



3.5.3 Light Microscopic Studies

Morphological characters of 15 specimens each of Us, males and females

were observed using ZEISS microscope under 10, 40, 100 and 200X magnification.

The permanent slides were examined for detailed morphological characters and body

dimensions were studied using de Man's formula (de Man, 1880) and ratios were

calculated to establish their taxonomic identity. The morphological identification was

performed on the basis of characters of third stage Us, hermaphrodites, females and

male individuals (Stock, 2002).

3.5.3.1 Morphological Characters

The following morphological characters were taken into consideration for

identification at species level.

(a) Shape of head

(b) Shape and size of spicules

(c) Shape and size of gubemaculum

(d) Presence or absence of post anal swelling in adult females

(e) Tail shapes of both adults and Us

(f) Presence or absence of mucron in adults of both sexes

3.5.3.2 Morphometrlc Measurements

3.5.3.2a Linear Body Dimensions Recorded were as Follows

1. Body length (L)

2. Body width (W)

3. Oesophageal length (ES)

4. Distance from anterior end to excretory pore (EP)

5. Spicule length (SL)

6. Gubemaculum length (GL)
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7. Anal body width (ABW)

8. Tail length (T)

3.5.3.2 b The Following Ratios were Computed

1. a = Body length/ Greatest body width

2. b = Body length/ Oesophageal length

3. c = Body length/ Tail length

4. V = Distance of vulva from anterior end/ Body lengthx 100

5. D% = Distance from anterior end to excretory pore / Oesophageal lengths 100
6. E%= Distance from anterior end to excretory pore/ Tail length^ 100

7. F% = Maximum body length/ Tail lengthx 100

8. SW% = Spicule length/ anal body widthxlOO

9. GS% = Gubemaculum length/ Spicule lengthx 100

3.6 MOLECULAR CHARACTERIZATION OF POTENTIAL EPN STRAIN

3.6.1 DNA Extraction

The procedure was performed as described by Miller et al. (1988) for DNA

extraction. About 2000-3000 sterilized Us were used for DNA extraction.

3.6.1.1 Solutions Required For DNA Extraction and Gel-electrophoresis

a. DNA Extraction

1. DNA extraction buffer - 50mM Tris HCl (pH- 0.8), 400mM NaCl, 20mM

EDTA (pH- 0.8), 0.5% SDS

2. Proteinase K

3. 5MNaCl

4. Absolute ethanol

5. 70 % ethanol

6. TE Buffer - I OmM Tris HCl, 1 mM EDTA

b. Gel-electrophoresis

1. SOX Tris-acetate (TAE)

2. Trisbase-121 g
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3. Glacial acetic acid- 28.55 ml

4. 0.5 M EDTA (pH 8.0)- 50 ml

c. Ethidium Bromide

Ethidium bromide, 100 mg, was mixed with 10 ml of sterilized water and was

stirred on a magnetic stirrer till the dye gets completely dissolved. The container was

covered with aluminum foil and stored in room temperature.

d. 6X Loading Dye

Bromophenol blue 0.25, xylene cyanol 0.25% and glycerol 30% in water

which are kept at 4°C.

3.6.1.2 The Procedurefor DNA Extraction of EPN Species (Singh, 2009)

a. Tissue Digestion

Us were crushed in 600pl of TNES solution (50mM Iris HCl, 400mM NaCl,

20mM EDTA, 0.5% SDS) by using polypropylene pestle which is shaped to fit
closely at the base of Eppendorf tubes. After crushing, Proteina.se K (lOpl) was

added. The crushed Us were gently vortexed and the tube was incubated at 65°C for

3 h with occasional vortexing.

b. Precipitation of Proteins and Cell Debris

To precipitate out the proteins, the tubes were removed after 3 h and 170 pL

of 5M NaCl was added. The suspension in the tubes was mixed thoroughly by
shaking the tubes up and down for 15 s. The tubes were centrifliged at 14000 rpm for

five minutes. While placing the tubes into the centrifuge the lid hinge of the tubes

were pointed away from the center to ensure that the pellets were formed on one side

of each tube. The supernatant containing the DNA was pipetted into clean new

labeled tubes carefully taking precautions that the cell and protein debris did not

contaminate the DNA.

c. Precipitation of Nucleic Acids

The supernatant containing DNA was added to 750 pL of cold absolute

ethano! and they were mixed thoroughly by inverting the tubes gently for 30 s to

precipitate out the DNA. After precipitation of DNA, the tubes were centrifuged at
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14000 rpm for five minutes. The ethanol and the salts were poured off without

disturbing the DNA pellet formed after centrifugation. The DNA pellet was rinsed by
adding 400 pL of 70% ethanol and centrifuging at 14000 rpm for 5 min. The ethanol

was poured off and the remaining ethanol was allowed to evaporate by leaving the

tubes inverted for 20-30 min on top of clean paper towel. The DNA pellet was

suspended in 30 pL of TE buffer (lOmM Tris HCl, ImM EDTA) and stored at -

200''C for later use in PGR.

d. Agarose Gel-eiectrophoresis

The DNA was electrophoresed on 0.8% agarose gel at 80V - lOOV and 70 mA

for two hours in TAE buffer. The gel was stained using ethidium bromide (0.5pg/ml)

and was observed on UV-transilluminator.

3.6.2 Molecular Marker Studies

3.6.2.1 Standardization of Polymerase Chain Reaction (PCR) Procedure

Polymerase Chain Reaction (PCR) protocol was standardized for carrying out

amplification using species specific primers. Reaction conditions and optimum

concentration of various components viz., template DNA, MgCh, dNTPs, Taq DNA

polymerase and primers were standardized. The following reagents were used for

carrying out the procedure;

lOX buffer - 5 pi

dNTP mix - 2 pi

MgCl2 - 4 pi

18S (forward primer) - 2.5 pi

18S (Reverse primer) - 2.5 pi

Taq polymerase - 2 pi

Template DNA - 2 pi

Nuc lease free water - 30 pi
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Different quantities of each reaction component were taken to prepare the

reaction volume. The volume was completed using sterile distilled water. The

reagents were thoroughly mixed in an eppendorf tube of 1.5 ml capacity and vortexed

for 15 s. This mixture was evenly distributed to each 0.2 ml PCR reaction tube and

then DNA (2.0 pi) was added separately in each tube. Cyclic amplification of the

tubes was done in a thermocycler.

The DNA samples from different genotypes of EPNs were amplified using

PCR using the protocol of Williams et al. (1990). DNA amplification was carried out

in a thermocycler. The steps of DNA amplification, temperature requirement and

time period is mentioned below:

SI. No. Step Temperature (°C) Time (min)

1 Initial denaturation 95 4

2 Denaturation 94 1

3 Annealing 60 1

4 Extension 72 2

5 Final Extension 72 8

Total number of cycle- 35

Further, the amplified products were stored at 4°C for electrophoresis.

3.6.2.2 Electrophoresis of Amplified DNA

The amplified DNA was thoroughly mixed with 6X loading dye and then

electrophoresed in 1.4% agarose gel in IX TAE buffer. The gel was run at constant

voltage at the rate of 5V/cm under submerged conditions for about 3 h. 0.5 pg/ml

ethidium bromide was incorporated in the gel. The size of the amplified product was

determined by co-electrophoresis of 100 bp standard molecular weight marker. DNA

profile were visualized on a UV transilluminator and photographed by using Gel

Documentation System.

"31



3.7 DNA SEQUENCING

Molecular characterization of the most potent isolate was done by amplifying

the internal transcribed region using TTGATTACGTCCCTGCCCTTT as forward

primer and TTTCACTCGCCGTTACTAAGG as reverse primer (Vrain et al., 1992).

Purified PGR products were sequenced using the DNA sequencing servicer provided

by the company SciGenom. The DNA sequence analysis of the 18s rRNA of the

nematode isolate was done in NCBl website using BLAST.

3.8 STATISTICAL ANALYSIS

The data generated from the experiments 4.2 to 4.3 were subjected to analysis

of variance (ANOVA) technique (Cochran and Cox, 1965). The variables which did

not satisfy the basic assumptions of ANOVA were subjected to angular

transformations and analysed.
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4. RESULTS

4.1. ISOLATION OF INDIGENOUS ENTOMOPATHOGENIC NEMATODES

A total of forty samples were collected from the rhizosphere of vegetables,

banana and coconut grown in Thiruvanathapuram, Kollam, Pathanamthitta and

Alappuzha districts by random sampling, Three isolates of EPN were isolates by

using insect baiting technique and were grouped into three categories Isolate 1, 2 and

3. Isolate 1 was obtained from the sample collected from cowpea plant grown in

College of Agriculture, Vellayani, Thimvanathapuram. Isolate 2 was obtained from

the sample collected from tomato plant grown in a multicropped field in Mylom,

Kottarakara (Kollam). Isolate 3 was obtained from the banana rhizosphere in Kainidi

area of Alappuzha district. The frequency of distribution of EPNs in

Thiruvananthapuram, Kollam and Alappuzha was recorded as 10 per cent (Table 1).

No EPN species were obtained from the samples collected from Pathanamthitta

district.

4.2. SCREENING OF EPN ISOLATES FOR INSECTICIDAL PROPERTY UNDER

IN VITRO CONDITIONS

4.2.1 Termites

Among the three native strains, Isolate 2 caused the highest mortality (87.99

per cent) followed by Isolate 1 (86.00 per cent) and Isolate 3 (76.00 per cent) at 24

HAT with 300 IJs/termite. Cadavers infected with Isolate 2 were brownish in colour

whereas Isolates 1 and 3 showed no appreciable colour change (Plate 9). The

emergence of Us per insect was found highest in Isolate 2 (2.0x10 ) at 72 HAT (Plate
3  3

10). Isolate I and 3 showed an emergence of 1.4x10 Us and 0.6x10 Us respectively

(Table 2).
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Isolate 1 Isolate 2

Isolate 3

Plate 9. Colour change in termites due to native EPN strains

Plate 10. Emergence of EPN from termite cadaver



4.2.2 Aphids

Isolate 2 recorded the highest mortality of aphids (86.00 per cent) followed by
Isolate 1 (81.74 per cent) and Isolate 3 (71.99 per cent) with 300 IJs/aphids at 24
HAT. No appreciable colour change was observed in the cadavers infected with any
of the isolates (Plate 11). Isolate 2 showed the highest emergence of Us per insect

3  3 3
(1.2.x 10 ) compared to Isolate I (0.9x10 ) and 3 (0.2x10 ) (Plate 12) (Table 2).

4.2.3 Tobacco Caterpillar

Highest mortality of tobacco caterpillar was observed with Isolate 2 (29.99
per cent) followed by Isolate 1(19.99 per cent) and Isolate 3 (19.99 per cent) with 300

Us per larvae at 24 HAT. The cadavers infected with Isolate 2 had pinkish colour
whereas cadavers infected with Isolate 1 and 3 did not show any colour change (Plate

13). Isolate 2 showed the highest emergence of Us per insect (3.5x10^) compared to
5  5

Isolate 1 (2.7x10 ) and 3 (0.9x10 ) (Plate 14) (Table 3).

4.2.4 Pseiulostem weevil

Among the three native strains. Isolate 1 and 2 at 300 Us/ pseudostem weevil

grub showed a mortality percentage of 9.99, whereas no mortality was observed in

Isolate 3 at 24 HAT. Isolate 1 and 2 showed a discolouration of creamish and reddish

brown in cadavers respectively, whereas Isolate 3 did not show any colour change in

cadavers (Plate 15).The emergence of Us per insect was found highest in Isolate 2
3  5 s

(3.5x10 ) compared to Isolate 1 (1.5 xlO ) and 3 (0.3x10 ) (Plate 16) (Table 3).

4.3 PATHOGENICITY OF EPN

The potential of indigenous EPN isolates were assessed by inoculating the

Infective Juveniles (Us) at 10, 50, 100 and 200 against test insects (termites, aphids.
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Isolate 1 Isolate 2

Isolate 3

Plate 11. Colour change in aphids due to native EPN strains

Plate 12. Emergence of EPN from aphid cadaver



Isolate 1 Isolate 2

Isolate 3

Plate 13. Colour change in tobacco caterpillars due to native EPN strains

Plate 14. Emergence of EPN from tobacco caterpillar cadaver



Isolate 1 Isolate 2

Isolate 3

Plate 15. Colour change in pseudostem weevil grubs due to native EPN strains

Plate 16. Emergence of EPN from pseudostem weevil cadaver



tobacco caterpillar and pseudostem weevil). Observations were recorded at 24, 36,

48, 60 and 72 h after exposure. The results are presented in Tables 4-15.

4.3.1 Isolate 1

4.3.1.1 Termites

The results presented in Table 4 revealed that there was statistically

significant variation between different levels of Us of Isolate 1 on mortality of

termites at 24, 36, 48, 60 and 72 hours after treatment (HAT).

Among the different concentrations of Us te.sted, 200 Us showed the highest

mortality with a corrected mortality percentage of 73.62 and it was significantly

superior to lower concentrations of Us viz. 100, 50 and 10. The corrected mortality

percentage in the lower concentrations of Us ranged from 41.98 to 68.03 and it was

significantly different. Highest mortality of termites (cent per cent) was observed in

chemical treatment.

Considering different concentrations of Us of Isolate 1, the effect of 200 and

100 Us was statistically on par with the chemical with a corrected mortality

percentage of 93,37. 87.82 and 100 respectively at 36 HAT. The lower concentrations

of Us viz. 10 and 50 was inferior to 200 and 100 Us with per cent mortality of 72.06

and 57.06 respectively.

Highest mortality of termites (cent per cent) was observed in 100 and 200 Us

and it was statistically on par with the chemical at 48 HAT. The corrected mortality

percentage of termites observed in 50 Us was 85.16 and it was inferior to above

treatments. Isolate 1 at 10 U level was inferior to 50 Us and gave a mortality of 72.63

per cent.

Isolate I at 50 U level recorded 99.08 per cent mortality of termites at 60

HAT. Effect of this treatment was statistically on par with higher inoculum levels
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'f'

(100 and 200 Us) and chemical. The lowest inoculum level of 10 Us recorded 88.10

per cent mortality of termites which was inferior to all other treatments.

Isolate 1 at lowest inoculum levels of 10 Us recorded cent per cent mortality

of termites at 72 HAT. Effect of this treatment was statistically on par with higher

inoculum levels (50, 100 and 200 Us) and chemical check.

A.'i.l.l Aphids

The results presented in Table 5 showed statistically significant variation

between different concentrations of Us of Isolate 1 on mortality of aphids at 24, 36,

48, 60 and 72 HAT.

The per cent mortality of aphids at different concentrations of Us was

significantly different from the chemical (Dimethoate 30 EC) treatment. Among the

different concentrations of Us, 200 Us showed significantly higher mortality than all

concentrations of Us. The mortality with 100 Us was 68.52 percent and it was

significantly superior to lower concentrations (10 and 50 Us). A mortality percentage

of 50.00 was recorded with 50 Us and it was significantly superior to 10 Us.

Minimum mortality was recorded with 10 Us and it showed a corrected mortality

percentage of 38.49.

At 36 HAT, the per cent mortality obtained with different concentrations of

Us was significantly different from the chemical which showed cent per cent

mortality. Among the different concentrations of Us, 200 Us showed the highest

mortality with a corrected mortality percentage of 89.56 and it was found

significantly superior to all other concentrations of Us. The mortality of aphids

treated with 100 Us was 82.02 percent and it was significantly superior to 50 and 10

Us which showed a mortality percentage of 63.51 and 45.99 respectively.

Among the different concentrations of Us tested, 200 Us showed highest

mortality of aphids (cent per cent) at 48 HAT followed by 100 Us (98.54 per cent)
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and effect of these two treatments was statistically on par with chemical, dimethoate

30 EC. The lower concentrations (50 and 10 Us) recorded 80.02 and 59.00 per cent

mortality respectively. Effect of these two treatments was significantly different and

inferior to higher inoculum levels (100 and 200 Us).

Highest mortality of aphids (cent per cent) was recorded with 100 and 200 IJs

and it was equally effective to chemical at 60 HAT. The lower concentrations of IJs

(50 and 10) showed mortality percentage of 91.58 and 70.00 respectively and effect

of these two treatments was inferior to 100 and 200 Us.

Highest mortality of aphids (cent per cent) was recorded with 50, 100 and 200

IJs and it was statistically on par with chemical at 72 HAT. Lowest mortality

percentage (79.02) was observed at 10 Us level and it was inferior to all other

inoculum levels.

4.3.1.3 Tobacco Caterpillar

Different concentrations of IJs of Isolate 1 showed statistically significant

variation in the mortality of tobacco caterpillar at 24, 36, 48, 60 and 72 HAT (Table

6).

Highest mortality (cent per cent) of tobacco caterpillar was observed in

chemical treatment and it was significantly superior to all other concentrations of Us

at 24 HAT. Among the different inoculum levels of IJs, 200 Us recorded the highest

mortality (22.37) followed by 100 and 50 IJs which showed 20.00 and 14.64

respectively. Effect of these three treatments was statistically on par and was inferior

to chemical flubendiamide 39.35 SC. Minimum mortality (2.57 per cent) was

recorded with 10 Us and it was significantly inferior to all other concentrations of IJs.

At 36 HAT, among different concentrations of Us, highest mortality (42.48

per cent) was observed at 200 IJ level and it was statistically on par with 100 IJs in

which 37.44 percent mortality of tobacco caterpillar was observed. The mortality

50
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percentage at 50 Us level was 24.83 and it was significantly inferior to 100 and 200

Us. Minimum mortality (9.44 per cent) was recorded with 10 Us and it was

significantly inferior to higher concentrations of Us. Effect of chemical treatment was

significantly superior to all other treatments in which cent per cent mortality was

observed.

Among different inoculum levels of Us of Isolate 1, highest mortality of

tobacco caterpillar (62.56 per cent) was recorded at 200 U level and it was

significantly superior to all other inoculum levels at 48 HAT. Treatment with 100 Us

recorded 57.52 per cent mortality and it was found statistically on par with 200 Us.

The mortality percentage of 50 Us was recorded as 39.89 and it was inferior to 100

and 200 Us. Minimum mortality (19.48 per cent) was recorded with 10 Us and it was

significantly inferior to higher concentrations of Us. In chemical treatment,

flubendiamide 39.35 EC, cent per cent mortality of tobacco caterpillar was observed

and it was significantly superior to all other treatments.

At 60 HAT, Isolate 1 with 200 Us recorded 75.17 per cent mortality of

tobacco caterpillar and it was inferior to chemical treatment in which cent per cent

mortality was observed. Lower concentration of Isolate 1 viz. 100, 50 and 10 Us

recorded mortality percentage of 65.19, 50.00 and 29.75 respectively. Effect of all the

treatments was significantly different from each other and was inferior to 200 Us and

chemical.

Highest mortality of tobacco caterpillar was observed in chemical treatment

(cent per cent) followed by different concentration levels of Isolate 1 viz. 200, 100, 50

and 10 Us at 72 HAT. Treatment with 200 Us recorded 85.36 per cent mortality and it

was significantly superior to all other concentration levels. The effect of lower

concentrations viz. 100. 50 and 10 Us were inferior to 200 Us giving mortality

percentage of 73.20, 57.52 and 39.89 respectively



4.3.1.4 Pseudostem Weevil

The results presented in Table 7 revealed that there was statistically

significant variation between different levels of Us of Isolate 1 on mortality of

pseudostem weevil grubs at 24, 36, 48, 60 and 72 HAT.

200 Us of Isolate 1 recorded a per cent mortality of 5.71 and it was

significantly superior to chemical (Chlorpyriphos 20EC) which showed 0.65 per cent

mortality at 24 HAT. No mortality of pseudostem weevil grubs were observed at 100,

50 and 10 U levels and they were inferior to 200 Us.

Considering the inoculum levels of Isolate 1, 200 Us recorded the highest

mortality with 17.24 per cent followed by 100 Us (2.57 per cent) at 36 HAT and they

were significantly different from 10 and 50 Us in which no mortality was observed.

Mortality percentage of chemical (39.90) was found superior to other treatments.

Among the different concentrations of Us of Isolate 1, 200 Us showed highest

mortality with a corrected mortality percentage of 27.38 at 48 HAT and it was

significantly superior to lower concentrations of Us viz. 100, 50 and 10. The corrected

mortality percentage in the lower concentrations of Us ranged from 0.00 to 17.24 and

it was significantly different. Highest mortality of pseudostem weevil grubs (cent per

cent) was observed in chemical treatment.

Among different concentrations of Us of Isolate I tested, pseudostem weevil

grubs at 200 U level recorded 37.44 per cent mortalit>' followed by 100 Us with

mortality percentage of 32.43. Effect of these two treatments was statistically on par.

The mortality percentage with 50 and 10 Us were 14.65 and 5.71 respectively and

they were significantly inferior to 100 and 200 Us. Effect of chemical treatment was

significantly superior to all other treatments in which cent per cent mortality was

observed.
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Highest mortality (cent per cent) of pseudostem weevil grubs was observed in

chemical treatment and it was significantly superior to all other concentrations of Us

at 72 HAT. Among the different inoculum levels of Us of Isolate 1, 200 Us recorded

the highest mortality (50,00 per cent) followed by 100 Us which showed 44.97 per

cent mortality and effect of these two treatments was statistically on par. Inoculums

levels of 50 and 10 Us recorded a mortality percentage of 27.38 and 21.83 and they

were inferior to higher concentrations of Us (100 and 200 Us). Tlie effect of chemical

was found superior to all concentrations of Us.

4.3.2 Isolate 2

4.3.2.1 Termites

The results presented in Table 8 showed statistically significant variation

between different concentrations of Us of Isolate 2 on mortality of termites at 24, 36,

48, 60 and 72 HAT.

The per cent mortality of temiites at different concentrations of Us was

significantly different from the chemical (ChlorpjTiphos 25 EC) which showed cent

per cent mortality. Among the different concentrations of Us, 200 Us showed the

highest mortality with a corrected mortality percentage of 79.04 and it was

statistically superior to all other concentrations of Us. The mortality of termites

treated with 100 Us was 68.55 percent and it was significantly superior to lower

concentrations (10 Us and 50 Us). Treatment with 50 Us showed 61.51 per cent

mortality and it was significantly superior to 10 Us. Minimum mortality of termites

was recorded with 10 Us and it showed a corrected mortality percentage of 49.50.

At 36 HAT, 200 Us of Isolate 2 showed the highest mortality with a corrected

mortality percentage of 99.26 and it was found statistically on par with the chemical.

All other concentrations of Us were found significantly inferior to 200 Us. The

mortality of termites treated with 100 Us was 87.17 percent and it was significantly

555
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superior to 50 and 10 Us which showed a mortality percentage of 79.54 and 61.63

respectively.

Highest mortality of termites (cent per cent) was observed in 100 and 200 Us

and it was statistically on par with the chemical at 48 HAT. The corrected mortality

percentage of termites observed in 50 Us was 96.26 per cent and it was inferior to

above treatments. Isolate 2 at 10 Us level was inferior to 50 Us and gave a mortality

of 75.78 per cent.

Isolate 2 at 50 and 10 Us level recorded 100 and 94.06 per cent mortality of

termites at 60 HAT. Effect of 50 and 10 Us was statistically on par with higher

inoculum levels (100 and 200 Us) and chemical in which cent per cent mortality was

observed.

Lowest inoculum level (10 Us) of Isolate 2 recorded cent per cent mortality of

termites at 72 HAT. Effect of this treatment was statistically on par with higher

inoculum levels (50, 100 and 200 Us) and chemical check.

4.2.2.2 Apltids

The results presented in Table 9 revealed that there was statistically

significant variation between different levels of Us of Isolate 2 on mortality of aphids

at 24, 36,48, 60 and 72 HAT.

Among the different concentrations of Us, 200 Us of Isolate 2 showed the

highest mortality with a corrected mortality percentage of 61,52 and it was

significantly superior to lower concentrations of Us viz. 100, 50 and 10. The corrected

mortality percentage in the lower concentrations of Us ranged from 21.89 to 52.00 at

24 HAT and it was significantly different from one another. Highest mortality of

aphids (cent per cent) was observed in chemical treatment.
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200 Us of Isolate 2 at 36 HAT showed the highest mortality with a corrected

mortality percentage of 99.26 and it was found statistically on par with the chemical.

All other concentrations of Us were found significantly inferior to 200 Us. The

mortality of aphids treated with 100 Us was 85.33 percent and it was significantly

superior to 50 and 10 Us which showed a mortality percentage of 64.53 and 32.91

respectively.

Highest mortality of aphids (cent per cent) was observed in 100 and 200 Us

and it was statistically on par with the chemical at 48 HAT. The corrected mortality

percentage of aphids observed in 50 Us was 86.71 and it was inferior to above

treatments. 10 Us of Isolate 2 was inferior to 50 Us and gave a mortality of 44.47 per

cent.

Isolate 2 at 50 Us level recorded 99.87 per cent mortality of aphids at 60

HAT. Effect of this treatment was statistically on par with higher inoculum levels

(100 and 200 Us) and chemical. The lowest inoculum level of 10 Us recorded 57.73

per cent mortality of aphids which was inferior to all other treatments.

50 Us level of Isolate 2 recorded cent per cent mortality of aphids at 72 HAT.

Higher inoculum levels viz. 100 and 200 Us were found statistically on par with the

chemical. All other treatments were found significantly superior to 10 Us which

recorded 71.26 per cent mortality of aphids.

43.2.3 Tobacco Caterpillar

Different concentrations of Us of Isolate 2 showed statistically significant

variation in the mortality of tobacco caterpillar at 24, 36, 48, 60 and 72 HAT

(TablelO).

Highest mortality (cent per cent) of tobacco caterpillar was observed in

chemical treatment and it was significantly superior to all other concentrations of Us

at 24 HAT. Among the different inoculum levels of Us, 200 Us recorded the highest
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mortality (29.75 per cent) followed by 100 and 50 Us which showed 24.83 and 22.37

per cent respectively. 10 Us recorded the lowest mortality of 17.24 per cent. Effect of

all the concentrations of Us was statistically on par and was inferior to chemical

flubendiamide 39.35 SC.

In tobacco caterpillar, 200 Us recorded the highest mortality (44.97 per cent)

among different concentration level of Us at 36 HAT and it was statistically on par

with 100 Us (39.89 per cent). The mortalit>' percentage with 50 Us was 32.43 and it

was significantly inferior to 100 and 200 Us. Minimum mortality (27.38 per cent)

was recorded with 10 Us and it was significantly inferior to higher concentrations of

Us. Effect of chemical treatment was significantly superior to all other treatments in

which cent per cent mortality was observed.

Among the different concentrations of Us of Isolate 2, 200 Us showed the

highest mortality of tobacco caterpillar with a mortality percentage of 65.08 at 48

HAT and it was significantly superior to all other concentrations of Us. The mortality

with 100 Us was 57.52 percent and it was significantly superior to lower

concentrations (10 and 50 Us). Mortalit>' percentage with 50 and 10 Us was 42.48

and 39.89 respectively and they were statistically on par. Mortality percentage of

chemical treatment (cent per cent) was found to be significantly superior to all the

concentrations of Us.

200 Us of Isolate 2 recorded 80.52 per cent mortality followed by 100 Us

(72.62 per cent) at 60 HAT and effect of these two treatments was significantly

different. Lower inoculum level of 50 and 10 Us recorded 57.52 per cent mortality of

tobacco caterpillar. Effect of these two treatments was statistically on par and was

inferior to higher inoculum levels of 100 and 200 Us. Treatment with chemical was

significantly superior to all other concentrations with cent per cent mortality.

Considering different concentrations of Us of Isolate 2, the effect of 200 and

100 Us was statistically on par with the chemical (cent per cent) with a corrected



mortality percentage of 99.35 and 92.53 respectively at 72 HAT. Effect of lower

concentrations of Us viz. 10 and 50 was statistically on par but inferior to higher

concentrations (200 and 100 Us) with per cent mortality of 70.25 and 70.00

respectively.

4.3.2.4 Pseudostem Weevil

The results presented in Table 11 revealed that there was statistically

significant variation between different levels of Us of Isolate 2 on mortality of

pseudostem weevil grubs at 24, 36, 48, 60 and 72 HAT.

200 Us of Isolate 2 recorded a per cent mortality of 5.71 and it was

significantly superior to chemical (Chlorpyriphos 20 EC) which showed 0.65 per cent

mortality at 24 HAT. 100, 50 and 10 Us showed no mortalit)' in pseudostem weevil

grubs and effect of these three treatments was inferior to 200 Us.

Among the different concentrations of Us of Isolate 2, 200 Us showed highest

mortality with a corrected mortality percentage of 17.24 at 36 HAT and it was

significantly superior to lower concentrations of Us viz. 100, 50 and 10. The corrected

mortality percentage in the lower concentrations of Us ranged from 0.00 to 5.71 and

it was significantly different from one another. Highest mortality of pseudostem

weevil grubs (cent per cent) was observed in chemical treatment.

The per cent mortality obtained with different inoculum levels of Us of Isolate

2 was significantly different from the chemical which showed cent per cent mortality.

200 Us showed the highest mortality (27.38 per cent) at 48 HAT and it was

significantly superior to other concentrations of Us. The mortality of pseudostem

weevil grubs with 100 and 50 Us was 17.24 and 14.64 percent respectively and effect

of these two treatments was statistically on par. Minimum mortality was observed

with 10 Us (5.71 per cent).
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200 Us of Isolate 2 recorded 44.87 per cent mortality of pseudostem weevil

grubs followed by 100 Us (32.18 per cent) at 60 HAT and were significantly different

from each other. The effect of 50 and 10 Us was statistically on par showing a

mortality percentage of 22.37 and 17.24 respectively and these two treatments were

inferior to higher concentrations of Us (100 and 200). Chemical was found to be

superior to all the concentrations of Us.

Among the different concentrations of Us of Isolate 2. 200 Us showed the

highest mortality of pseudostem weevil grubs with a mortality percentage of 62.66 at

72 HAT and it was significantly superior to all other concentrations of Us. The

mortality with 100 Us was 47.49 percent and it was significantly superior to lower

concentrations (10 and 50 Us). Mortality percentage with 50 and 10 Us was 32.43 per

cent and effect of these two treatments was statistically on par. Mortality percentage

of chemical treatment (cent per cent) was found to be significantly superior to all the

concentrations of Us.

4.3.3 Isolate 3

4.33.1 Termites

The results presented in Table 12 showed statistically significant variation

between different concentrations of Us of Isolate 3 on mortality of termites at 24, 36,

48, 60 and 72 HAT.

The per cent mortality of termites at different concentrations of Us was

significantly different from the chemical (Dimethoate 30 EC) which showed cent per

cent mortality. Among the different concentrations of Us of Isolate3, 200 Us showed

highest mortality with a corrected mortality percentage of 72.04 and it was

significantly superior to all other concentrations of Us. The mortality with 100 Us

was 63.01 per cent and it was significantly superior to lower concentrations (10 and

50 Us). A mortality percentage of 41.25 was recorded with 50 Us and it was

S4
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significantly superior to 10 IJs. Minimum mortality was recorded with 10 Us which

showed a corrected mortality percentage of 32.48.

At 36 HAT, the per cent mortality obtained with different concentrations of

IJs of Isolate 3 was significantly different from the chemical which showed cent per

cent mortality. Among the different concentrations of IJs, 200 IJs showed highest

mortality with a corrected mortality percentage of 83.53 and it was found

significantly superior to all other concentrations of Us. The mortalit)' of termites

treated with 100 1.1s was 71.06 percent and it was significantly superior to 50 and 10

Us which showed a mortality percentage of 52.00 and 45.99 respectively.

Among the different concentrations of Us tested, 200 Us showed the highest

mortality with a corrected mortalit)' percentage of 92.21 at 48 HAT and it was

significantly superior to lower concentrations of Us viz. 100, 50 and 10. The corrected

mortality percentage in the lower concentrations of Us ranged from 56.51 to 81.10

and it was significantly different. Highest mortality of termites (cent per cent) was

observed in chemical treatment.

At 60 HAT, 200 Us of Isolate 3 showed the highest mortality (cent per cent)

and it was found statistically on par with the chemical. All other concentrations of Us

were found significantly inferior to 200 Us. The mortality of termites treated with 100

Us was 90.15 percent and it was significantly superior to 50 and 10 Us which showed

a mortality percentage of 73.53 and 66.03 respectively.

Among the different concentrations of Us tested, 200 Us showed highest

mortality of termites (cent per cent) at 72 HAT followed by 100 Us (99.26 per cent)

and effect of these two treatments was statistically on par with chemical. The lower

concentrations (50 and 10 Us) recorded 81.53 and 75.09 per cent mortality

respectively. Effect of these two treatments was significantly different and inferior to

higher inoculum levels (100 and 200 Us).



4.3.3.2 Aphids

DifTerent concentrations of Us of Isolate 3 showed statistically significant

variation in the mortality of Aphids at 24, 36, 48, 60 and 72 HAT (Table 13).

Among the different concentrations of Us tested, 200 Us showed the highest

mortality of aphids with a corrected mortality percentage of 57.50 and it was

significantly superior to lower concentrations of Us viz. 100, 50 and 10. The corrected

mortality percentage in the lower concentrations of Us ranged from 20.99 to 43.99

and it was significantly different. Highest mortality of aphids (cent per cent) was

observed in chemical treatment.

The per cent mortality obtained with different concentrations of Us was

significantly different from the chemical which showed cent per cent mortality at 36

HAT. Considering different concentrations of Us of Isolate 3, 200 Us showed the

highest mortality with a corrected mortality percentage of 71.51 and it was found

significantly superior to all other concentrations of I.ls. The mortality of aphids

treated with 100 Us was 62.51 percent and it was significantly superior to 50 and 10

Us which showed a mortality percentage of 41.99 and 26.99 respectively.

At 48 HAT, the per cent mortality obtained with different concentrations of

Us of Isolate 3 was significantly different from the chemical (cent per cent). Among

the different concentrations of Us, highest mortality of aphids was recorded by 200

Us with a mortality percentage of 91.87 and all other concentrations of Us were

found inferior to it. The mortality of aphids treated with 100 Us was 76.05 percent

and it was significantly superior to 50 (52.00 per cent) and 10 Us (37.49 per cent).

200 Us of Isolate 3 showed the highest mortality (cent per cent) at 60 HAT

and it was found statistically on par with the chemical. All other concentrations of Us

were found significantly inferior to 200 Us. 100 Us resulted a mortality percentage of

6?
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88.15 and it was significantly superior to 50 and 10 Us which showed a mortality

percentage of 67.04 and 52.50 respectively.

Among the different concentrations of Us of Isolate 3 tested, 200 Us showed

highest mortality of aphids (cent per cent) at 72 HAT followed by 100 Us (99.27 per

cent) and effect of these two treatments was statistically on par with chemical. The

lower concentrations (50 and 10 Us) recorded 82.58 and 67.63 per cent mortality

respectively. Effect of these two treatments was significantly different and was

inferior to higher inoculum levels (100 and 200 Us).

4.3.3.3 Tobacco Caterpillar

The results presented in Table 14 showed statistically significant variation

between different concentrations of Us of Isolate 3 on mortality of tobacco caterpillar

at 24, 36,48, 60 and 72 HAT.

Highest mortality (cent per cent) of tobacco caterpillar was observed in

chemical treatment and it was significantly superior to all other concentrations of Us

at 24 HAT. Among the different inoculum levels of Us of Isolate 3, 200 Us recorded

the highest mortality (27.13 per cent) followed by 100 Us which showed 24.83 per

cent and effect of these two treatments was statistically on par. Both 50 and 10 Us

recorded a mortality percentage of 12.23 and these two treatments were inferior to

higher concentartions of Us (100 and 200). The effect of chemical flubendiamide

39.35 SC was found superior to all concentrations of Us.

Among the different concentrations of Us of Isolate 3, 200 Us showed highest

mortality of tobacco caterpillar with a mortality percentage of 42.48 at 36 HAT and it

was significantly superior to all other concentrations of Us. The mortality with 100

Us was 32.43 percent and it was significantly superior to lower concentrations (lOand

50 Us). Mortality' percentage at 50 and 10 Us was 20.00 and 22.37 per cent

respectively and they were statistically on par to each other. Mortality percentage of

6^
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chemical treatment (cent per cent) was found to be significantly superior to all the

concentrations of Us.

200 Us of Isolate 3 recorded 55.02 per cent mortalit)' followed by 100 Us

(42.48 per cent) at 48 HAT and were significantly different from each other. The

effect of 50 and 10 Us was statistically on par which recorded a mortality percentage

of 32.43 and 29.75 respectively and these two treatments were inferior to higher

concentrations of Us (100 and 200). Chemical was found to be superior to all the

concentrations of Us.

At 60 HAT, Isolate 3 with 200 Us recorded 65.08 per cent mortality of

tobacco caterpillar and it was inferior to chemical treatment in which cent per cent

mortality was observed. Lower concentration of Isolate 1 viz. 100, 50 and 10 Us

recorded mortality percentage of 60.00, 47.48 and 37.33 respectively. Effect of all the

treatments was significantly different from each other and was inferior to 200 Us and

chemical.

Highest mortality of tobacco caterpillar was observed in chemical treatment

(cent per cent) followed by different concentrations of Isolate 3 viz. 200, 100, 50 and

10 Us at 72 HAT. Treatment with 200 Us recorded 85.35 per cent mortality and it

was significantly superior to all other concentration levels. The effect of lower

concentrations viz. 100, 50 and 10 Us was inferior to 200 Us giving mortality

percentage of 80.00, 57.52 and 50.00 respectively.

4.3 J.4 Pseudostem Weevil

Different concentrations of Us of Isolate 3 showed statistically significant

variation in the mortality of pseudostem weevil grubs at 24, 36, 48, 60 and 72 HAT

(Table 15).

No mortality of pseudostem weevil grubs was observed in different

concentrations of Isolate 3 (10, 50, 100 and 200 Us) at 24 HAT. Chemical treatment
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with Chlorpyriphos 20 EC recorded 0.65 per cent mortality of pseudostem weevil

grubs.

At 36 HAT, no mortality of pseudostem weevil grubs was observed in

different concentrtaions of 1.1s (10, 50, 100 and 200 Us) while in chemical treatment

39.90 per cent mortalit}' was observed.

All the treatments were significantly different from chemical which showed a

mortality of cent per cent. Among the different concentrations of Us of Isolate 3

tested, 200 Us recorded the highest mortality (10.00 per cent) followed by 100 Us

(5.71 per cent) at 48 HAT and effect of these treatments was statistically on par to

one another. 10 and 50 Us were inferior to higher concentrations of Us (100 and 200

Us) and no mortality of pseudostem weevil grubs was observed in these treatments.

At 60 HAT, effect of all inoculum levels of Us of Isolate 3 was significantly

different from the chemical which recorded cent per cent mortality of pseudostem

weevil grubs. The highest mortality was recorded with 200 Us (27.38 per cent) and it

was significantly superior to all other lower concentrations. The per cent mortality of

100, 50 and 10 Us was recorded as 17.24, 5.71 and 5.71 per cent respectively and

effect of these treatments was statistically on par.

Among the different concentrations of Us of Isolate 3, 200 Us recorded the

highest mortality (37.44 per cent) followed by 100 U (29.75 per cent) at 72HAT. 100

Us recorded a per cent mortality of 29.75 and it was significantly different from the

mortality percentage of 200 Us. The effect of 50 and 10 Us was found to be

statistically on par with mortality percentage of 21.83 and 20.00 respectively. Highest

mortality (cent percent) was recorded in chemical treatment and it was superior to all

inoculum levels.

^3
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4.4 MORPHOLOGICAL CHARACTERS OF EPN ISOLATES

Morphological and morphometric studies of these native isolates were

undertaken and their salient features were analyzed for identifying the similarities and

differences between them. The characteristic features along with morphometric

measurements of each isolate are presented in the Table 16-22.

4.4.1 Isolate 1 (Vellayani strain)

4.4.1.1 Infective Juveniles (Us)

Infective juveniles had an elongate and thin body, excretory pore was

indistinct. They had a closed mouth opening. The 2"'' stage cuticles were retained in

their body. Oesophagus had a cylindrical procorpus and slightly swollen metacorpus.

Tail was elongate and gradually tapering (Plate 17A).

4.4.1.2 Females

Females were C shaped upon fixation and was characterized by a smooth

cuticle (Plate I7B). Lips were united and slightly rounded. Stoma was short.

Muscular oesophagus (I65.60±6.74pm) with procorpus slightly expanded in the

anterior portion Just behind the stoma and had a slightly enlarged metacorpus (Plate

ISA). Isthmic region was short and narrowing with a nerve ring anterior to the basal

bulb. Basal bulb was round and had a small valve. Excretory pore was present

anterior to the nerve ring (I54.00±5.57pm) (Plate I SB). Gonads were didelphic,

amphidelphic and reflexed. Vulva was seen as a transverse slit situated on a

protruberance and was submedially located (Plate ISC). Tail (54.10±5.26|im) (Plate

ISD) was conical without a mucron at the terminus (Table 16).

4A,\3 Males

The male body was J-shaped, slender and ventrally curved when killed in a

hot fixative (S59.I0±42.43) (Plate I7C). Lip region was continuous with a short

stoma. Muscular oesophagus with cylindrical procorpus (144.40±4.I4|im). Isthmus

^4



Table 16: Morphometric characters of females of isolate 1 (Mean±SD), n=15

Characters Measurements (fim)

2133.88±87.11

Body length (1866-2466)

114.80±4.21

Body diameter (104-136)

154.00±5.57

EP (148-159)

165.60±6.74

ES (158-175)

48.40±2.17

Vulval % (45-51)

23.90±2.85

ABD (20-27)

54.10±5.26

Tail Length (48-61)
a=LAV 17.40±1.06

(15.82-18.51)

b=L/ES 7.13±0.60

(6.23-8.15)

c=L/T 7.10±0.56

(6.03-7.63)

D%= EP/ES*100 95.90±3.42

(91-97)

278.14±9.12

E%=EP/T*100 (246-288)

Figures in parenthesis show Range

V
0}
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A. Infective Juveniles

a

B. Female C. Male

Plate 17. Isolate 1 {Steinernema sp.)



Plate 18

A- Anterior region- Oesophagous (40X)

B- Anterior region showing excretory pore (40X)

C- Vulval region showing double flapped epiptygma (lOOX)

D- Tail with slight post anal swelling (lOOX)



A. Oesophagus B. Excretory pore

^■V

Is? '

C. Vulva D. Tail

Plate 18. Morphological characters of Isolate 1 (Steinernema sp.) females
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was narrow with nerve ring encircling the region. The basal bulb was round.

Excretory pore was present just above the nerve ring. Spicule (44.10±4.46pm) was

paired, ventrally curved and slightly swollen in the middle with a boat shaped

gubemaculum (23.70±2.98pm) (Plate 19A). Bursa absent at the posterior end. Tail

(35.80±5.20pm) (Plate 19B) was conoid with a mucron at the tail terminus (Table

17).

Based on the morphological and morphometric characters, Isolate 1 was

identified as Steinernema sp.

4.4.2 Isolate 2 (Mylom strain)

4.4.2.1 Infective Juveniles

Us had a narrow and elongated body when killed by heat. The 2"*^ stage

cuticles were not retained in their body. The tail was long and pointed and covered

with a sheath (Plate 20A).

4.4.2.2 Hermaphrodites

Hermaphrodites (1374.26±63.00pm) had a C-shaped body when killed in hot

fixative (Plate 20B). The labial region had six well-developed labium (two dorsal

sectors, right ventral and sub ventral sectors, left ventral and sub ventral sectors). The

stoma was tubular, and the cheilorhabdions were well cuticularized (Plate 21A). They

had a pharynx with a cylindrical corpus throughout (198.50±8.44pm). The isthmus

was long and distinguishable. The valve of the basal bulb was prominent. Gonads

were didelphic, amphidelphic, and reflexed. The vulva was a transverse slit situated

on a protruding area usually near midbody. The tail had a conoid (98.70±9.03pm)or

post-anal swelling with a pointed terminus (Plate 21B). The reproductive system was

amphidelphic and reflexed (Table 18).



Table 17: Morphometric characters of males of isolate 1 (Mean±SD), n=15

Characters Measurements (pm)

859.10±42.43

Body length (801-901)

46.70±4.00

Body diameter (40-52)

EP -

144.40±4.14

ES (140-151)

35.80±5.20

Tail Length (28-41)

44.10±4.46

Spicule length (40-51)

23.70±2.98

Gubernaulum (20-29)

186.99±29.45

SW=SL/ABD*IOO (168.00-238.09)

54.28±9.43

GS=GL/SL*100 (42.00-52.38)

18.52±1.77

a=LAV (15.40-20.60)

5.95±0.33

b=L/ES (5.56-6.43)

24.36±2.89

c=Ln' (20.61-28.60)

D%= EP/ES*100 -

E%=EP/T*100 -

Figures in parenthesis show Range



Table 18: Morphometric characters of hermaphrodites of isolate (Mean±SD),
n=15

Characters Measurements (pm)

1374.26±63.00

Body length (1236-1547)

86.13±6.55

Body diameter (79-98)

132.33±6.5I

EP (126-148)

198.50±8.44

ES (162-208)

46.17±2.32

Vulval % (43-49)

40.30±4.08

ABD (34-48)

98.70±9.03

Tail Length (86-106)

a=LAV 12.51±0.69

(11.48-13.45)

b=L/ES 8.63±0.66

(7.37-9.63)

c=L/T 11.86±1.85

(9.59-12.77)

D%= EP/ES*100 64.81±5.26

(58.74-68.10)

198.25±6.69

E%=EP/T*100 (182.25-208.50)

Figures in parenthesis show Range



Plate 19

A- Paired and ventraily curved spicules and boat shaped gubemaculum (lOOX)

B- Posterior region showing tail (40X)



A. Spicules and Gubernaculum

B. Tail

Plate 19. Morphological characters of Isolate 1 {Steinernema sp.) males



4.4.2.3 Females

Females had a long and elongated body (1308.70±95.22nm) (Plate 20C). The

labial region had six labial papillae, lacking visible cephalic papillae. The stoma was

tubular, and the cheilorhabdions were not cuticularized. The metacarpus was slightly

swollen and the oesophageal collar (procorpus) was very long. The isthmus was

distinct with a pyriform basal bulb and a prominent butterfly valve

(215.78± 10.60pm). Presence of lobed oesophageal glands which were protniding into

the intestine. The excretory pore was located anterior to the basal bulb

(146.50±15.18pm). They had a slightly protruding vulval lip which was seen near to

the anal slit (Plate 22A). The tail (166.50±12.11pm) (Plate 22B) was filiform which

was longer than the anal body diameter (ABD) (Table 19).

4.4.2.4 Males

Males had a J-shaped body (696.60^73.89pm) when killed in hot fixative

(Plate 20D). The labial region had six labial papillae. The stoma was tubular/ funnel

shaped, and the cheilorhabdions were not cuticularized (Plate 23A). The

metarhabdions showed no hemispherical swellings. They had a cylindrical procorpus

and slightly swollen metacorpus. The isthmus was distinct with a pyriform basal bulb

and a prominent valve (138.00±5.33pm). Presence of lobed oesophageal glands

which were protruding into the intestine (Plate 23B). The excretory pore was located

anterior to the basal bulb (109.00±6.35pm). The tail was short, pointed and conoid

(28.60±5.10pm) (Plate 23C).The bursa was peloderan extending on both sides and

surrounds the male cloaca and the bursal rays were well developed with eight genital

papillae. The spicules (39.63±3.59pm) were paired, separate, often asymmetrical, and

slightly curved ventrally. Gubernaculum (28.00±3.86pm) slightly curved ventrally

and had a length more than half the spicule length (Plate 23D). The testis was

monorchic and reflexed. The head of the spicule was round (round manubrium)

(Table 20).



Table 19: Morphometric characters of females of isolate 2 (Mean±SD), n=15

Characters Measurements (pm)

1308.70±95.22

Body length (1280-1634)

54.90±4.84

Body diameter (48-64)

146.50±15.18

EP (138-176)

215.78±10.60

ES (206-234)

66.50±5.26

Vulva! % (62-74)

31.20±6.03

ABD (25-45)

166.50±12.11

Tail Length (146-180)
a=LAV 25.91±3.65

(21.16-34.04)
b=L/ES 6.73±0.74

(5.83-8.71)
c=L/T 8.43±2.89

(7.33-9.01)
D%= EP/ES*100 64.61 ±7.96

(60.55-76.24)

70.48±6.97

E%=EP/T*100 (61.03-80.50)
Figures in parenthesis show Range

\
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Table 20: Morphomctric charactei-s of males of isolate 2 (Mcan±SD), n=15

Charactei-s Measurements (pin)
696.60±73.89

Body length (644-860)

54.30±6.72

Body diameter (48-74)

ID9.00±6.35

EP (98-135)

138.00±5.33

ES (134-156)

28.60±5.10

Tail Length (21-37)

39.63±3.59

Spicule length (34-46)

28.00±3.86

Gubernauliim (24-37)

186.99±29.45

SW=SL/ABD*100 (168.00-238.09)

146.11±29.20

GS=GL/SL*100 (110.81-190.48)

54.51±8.25

a=LAV (42.86-66.67)

10.80±1.93

b=L/ES (9.6-15.4)

3.90±0.50

c=L/T (3.4-5.7)

19.16±3.07

D%= EP/ES*100 (18.8-26.6)

85.29±0.92

E%=EP/TMOO (84.44-86.36)

Figures in parenthesis show Range

51
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Plate 20. Isolate 2 (Melarhabditis rainai)
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Plate 21

A- Anterior region showing tubular stoma (40X)

B- Posterior region showing tail with post anal swelling (40X)

Plate 22

A- Vulva seen near to the anal slit (lOOX)

B- Posterior region showing filiform tail (40X)



A. Stoma B. Tail

Plate 21. Morphological characters of Isolate 2 {Metarhabditis rainai)
hermaphrodite

A. Vulva B. Tail

Plate 22. Morphological characters oflsolate 2 (Metarhabditis rainai)
female
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Plate 23

A- Anterior region showing tubular stoma (40X)

B- Lobed oesophagea! gland overlapping the intestine (lOOX)

C- Posterior region showing short, pointed tail (40X)

D- Posterior region showing peloderan bursa with 8 genital papillae (40X)



A. Stoma B. Oesophageal glands
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C. Tail D. Spicule, Gubernaculum and Bursa

Plate 23. Morphological characters of Isolate 2 {Metarhabditis rainai) male
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Based on the morphological and morphometric characters and molecular

analysis. Isolate 2 was identified as Metarhabditis rainai. This is the first report of

M. rainai in India.

4.4.3 Isolate 3 (Kainidi strain)

The isolate was obtained from Kainidi, Alappuzha. The characteristics of this

native isolate were similar to the males and females of Isolate 2 obtained from

Mylom, Kottarakara. Most of morphological characters were similar with some

differing characters.

4.4.3.1 Infective Juveniles

Us have an elongated body when heat killed. Their cuticles are slightly

annulated. The tail is long and pointed and covered with a sheath (Plate 24A).

4.4.3.2 Females

Females had a swollen body (1337.14±47.l 8pm) when killed by heat (Plate

24B). The stoma was tubular, and the cheilorhabdions were well cuticularized. The

isthmus was long and distinguishable, and the nerve ring surround the posterior part

of isthmus (Plate 25A). The butterfly valve of the basal bulb was prominent

(208.14±5.64pm). The oesophageal glands were not distinct. The excretory pore was

located anterior to the basal bulb (139.25±5.50pm). Gonads were didelphic,

amphidelphic, and reflexed. The vulva was a transverse slit situated on a protruding

area near to the anal region. It has two symmetrical vulval lips and a short vagina.

The tail (Plate 25B) is filiform (112.5±4.64pm) without a post-anal swelling (Table

21).

4.4.3.3 Males

Males had a J-shaped body (804.67±46.34pm) upon fixation (Plate 24C). Six

separate well-developed lips were present (Plate 26A). They had a typical Rhabditoid

oesophagus with long procopus and swollen metacorpus. Isthmus was distinct with a

globose basal bulb and a prominent valve (84.71±5.35pm). The nerve ring

surrounding the isthmus was located posterior to it. Cardia was clearly visible (Plate



Table 21: Morphometric characters of females of isolate 3 (MeaniSD), n=15

s\

Characters Measurements (jim)
1337.14±47.]8

Body length (1256-1394)

53±6.34

Body diameter (43-59)

139.25±5.50

EP (122-154)

208.14±5.64

ES (202-216)

67.38±5.38

Vulval % (59-75)

29.43±4.43

ABD (24-35)

112.5±4.64

Tail Length (106-121)
a=LAV 12.60±2.08

(10.95-14.07)
b=L/ES 7.35±0.48

(6.54-8.05)
c=L/T 10.73±2.21

(9.08-12.85)
D%= EP/F,S*100 67.02±1.94

(58.93-76.12)

248.18±6.27

E%=EP/T*IOO (228.12-264.72)
Figures in parenthesis show Range

£3
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A. Infective Juvenile B. Female

B

C. Male

Plate 24. Isolate 3 {Rhabditis sp.)
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Plate 25

A- Anterior region showing oesophagous (40X)

B- Posterior region showing filiform tail and transverse vulval slit (40X)

Plate 26

A- Anterior region showing tubular stoma (lOOX)

B- Cardia below the basal bulb (lOOX)

C- Tail region showing leptoderan bursa with bursal rays (lOOX)
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A. Oesophagous B. Tail and vulva

Plate 25. Morphological features of Isolate 3 {Rhabditis sp.) females

A. Stoma B. Cardia

C. Spicule, Gubernaculum and Bursa

Plate 26. Morphological features of Isolate 3 {Rhabditis sp.) males



N>

26B). Bursa was leptoderan with well developed bursal rays. The spicules

(33.83±4.36pm) were paired, separate, often asymmetrical, and slightly curved

ventrally. The guhemaculum (28.88±4.26pm) was boat-shaped and ventrally curved.

The head of the spicule tip was not round (Plate 26C). They had a small and pointed

tail (29.71±4.86nm) (Table 22).

Based on the morphological and morphometric characters. Isolate 3 was

identified as Rhabditis sp.

4.5 MOLECULAR CHARACTERIZATION

Based on the pathogenicity studies, Isolate 2 was identified as the most potent

EPN strain which caused highest mortality in tennites, aphids, tobacco caterpillar and

pseudostem weevil. Hence molecular characterization of Isolate 2 was done by

amplifying the internal transcribed region of the isolate using

TTGATTACGTCCCTGCCCTTT as forward primer and

TTTCACTCGCCGTTACTAAGG as reverse primer (Plate 27). Blast analysis result

revealed that Isolate 2 was Metarhabditis rainai (Table 23 and 24).

2A



Table 22; Morphometric characters of males of isolate 3 (Mean±SD), n=15

N
>
\o

Characters Measurements (|im)

804.67±46.34

Body length (741-862)

36.43±5.09

Body diameter (29-39)

71.67±4.72

EP (68-77)

84.71±5.35

ES (78-94)

29.71±4.86

Tail Length (24-38)

33.83±4.36

Spicule length (29-39)

28.88±4.26

Gubernaulum (22-37)

119.03±24.10

SW=SL/ABD*100 (100-150)

55.29±10.98

GS=GL/SL*100 (41.03-67.74)

22.80±2.31

a=LAV (18.76-26.38)

9.72±0,70

b=L/ES (9.00-10.96)

28.66±4.26

c=L/T (21.29-35.91)

85.91±3.92

D%= EP/ES*100 (81.91-89.74)

272.25±32.37

E%=EP/T*100 (248.38-309.09)

Figures in parenthesis show Range
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Plate 27. Gel profile of the PGR product of 18s rRNA
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5. DISCUSSION

Use of biocontrol agents is an ideal and effective practice for controlling the

insect pests without deteriorating the environment. EPN is one among the biocontrol

agents which has proved successful and can be an alternative in the management of

insect pests. Due to their potential in quick killing of the host insects, their effects can

be compared with pesticides. Therefore it is rational to evaluate the ability of locally

adapted isolates in controlling pests prevalent in an area. Potent EPN isolates can be

mass produced and applied using conventional spray equipments. The present study

was conducted to isolate native EPN strains distributed in the rhizosphere of different

crops and to evaluate their pathogenicity to termites, aphids, tobacco caterpillar and

pseudostem weevil. The result obtained is discussed below.

5.1. ISOLATION AND IDENTIFICATION OF INDIGENOUS EPNs

A random survey was conducted in different districts of Kerala viz.,

Thiruvananthapuram, Kollam, Pathanamthitta and Alappuzha and a total of forty soil

samples were collected from the rhizosphere of vegetables, banana and coconut. The

present study revealed the natural occurrence of EPN in Kerala. In this study three

isolates of EPN were obtained from Vellayani. Mylom and Kainidi areas of Kerala

with 10 per cent frequency of occurrence. From the collected samples three native

isoTates were obtained. Sosamma and Rasmi (2002) collected 430 soil samples and

found that 129 soil samples were positive for EPN with 30 per cent frequency of

occurrence. Heterorhabditis indica occurred in 128 samples and Steinernema sp. in

only one sample with frequency of occurrence of 90 and 0.8 percent respectively. A

recent survey conducted by Anes et al. (2018) reported that out of 141 soil samples

collected from Kollam, Pathanamthitta and Alappuzha, 13.5% were found positive

for the presence of EPN. They also reported that soil samples collected from plots of

ICAR-CPCRI, Kayamkulam recorded 33.3% of total number of EPN isolates. Remya

(2007) isolated 10 EPN isolates from banana rhizosphere in Vellayani. So results of

ss



the study revealed that the native isolates of EPNs prevalent in Kerala can be utilized

for the management of insect pests without introducing new strains.

The isolates obtained from soil were identified based on morphological

characters, taxonomic keys and morphometric measurements. Isolate 1 obtained from

COA, Vellayani was identified as Steinemema sp. The Us had an elongate and thin

body which retained the second stage cuticle. They had closed mouth opening.

Females were C shaped and males were .1 shaped. The anterior region of both males

and females had rounded lip with short stoma. The esophagus of both males and

females was muscular with cylindrical procorpus, slightly enlarged metacorpus, short

and narrow isthmus surrounded by a nerve ring and rounded basal bulb. The

excretory pore was seen anterior to the nerve ring in both males and females. Vulva

was seen as a transverse slit situated on a protuberance and was sub medially located.

The males had symmetrical, slightly curved and paired spicules. Beneath the spicule,

a boat shaped gubemaculum was present. The females had a short and conoid tail

with a pointed tip. The male tail was conoid with a mucron and without bursa. The

above mentioned characters are shown in Plates 17,18 and 19.

The length of female body of Steinemema sp. (Vellayani strain) was longer

than S. abbasi (2133.SSpm vs 541|un). The shape of spicule and gubemaculum was

different from that of S, abbasi (Elawad et al., 1997). The spicule length was similar

to that of S. abbasi (44.10 vs 45 pm) but shorter than S. akhursti (90pm), S. feltiae

(70pm), S. masoodi (53pm) and S. sangi (63pm). Gubemaculum was found shorter

(23.70 vs 38.8pm) than S. abbasi but similarity was seen only with S. kraussei

(29pm). The males of Steinemema sp. (Isolate 1) had shorter tail as compared to

S. abbasi tail (35.80 vs 40-45pm). Steinemema sp. (Isolate 1) lacks mucron in first

generation females similar to S. abbasi. Steinemema sp. (Isolate 1) had a continuous

lip region similar to S. masoodi. Steinemema sp. (Isolate 1) had a similar E% value

(278.14 vs 275pm) of S. masoodi (Table 16) (Ali et al., 2005).



Isolate 2 obtained from Myiom was identified as Metarhabditis rainai which

was characterised by a hermaphroditic condition in the first generation followed by

males and female in the next generations. The stoma was tubular/ funnel shaped in

hermaphrodites, males and females. Hermaphrodite had a cylindrical corpus

throughout whereas the males and females had a typical "Rhabditoid oesophagous"

with a cylindrical procorpus, undifferentiated metacorpus, distinct isthmus and

pyriform shaped basal bulb with well-developed butterfly valve. Hermaphrodites had

a conoid tail with post-anal swelling and pointed terminus. Females had a filiform tail

and males had a short and pointed tail. Vulva was a tranverse slit with slightly

protruding vulval lips and was seen near to the anal slit. The male tail had a peloderan

bursa with eight genital papillae. The spicules were paired and asymmetrical and

slightly curved ventrally. Gubemaculum was slightly curved ventrally and had a

length more than half the spicule length. The above mentioned characters are shown

in Plates 20, 21, 22 and 23.

The originally described species of M. rainai was named as Rhabditis rainai

isolated by Osbrink and Carta (2005) from New Orleans, USA. Later Sudhaus (2011)

revised R. rainai into M. rainai along with few other species. M. rainai (Isolate 2)

differed from species in the Rhabditis (Oscheius) dolichura group (Sudhaus and

Hooper, 1994) which have nine bursal rays and spicules with swollen, uncurved distal

tip. M. rainai (Isolate 2) differed from leptoderan-tailed, nine-ray species in the

Rhabditis (Oscheius) insectivora-group (Sudhaus and Hooper, 1994) in having a

peloderan tail with eight rays, expansile rectum and spicule lacking a distal hook. M.

silvatica has a pre rectum, but differs from M. rainai (Isolate 2) in having a median

pharyngeal bulb, three stomatal teeth, nine bursal rays with leptoderan male tail,

lower 'b' ratio (4.5 vs 10.8) and smaller spicule axis length (34.00 vs 39.63pm). M.

rainai differed from M. blumi Sudhaus and from M. adenobia Foinar in the

hermaphroditic condition with rare males induced by starvation, a peloderan rather

than leptoderan tail, spicule not sabre-like with gentle neck curvature. Compared to

^0



M adenobia, M. rainai (Isolate 2) had a wider hermaphrodite body (86.13pm (79-98)

pm vs 55 (46-69) pm), and lower hermaphrodite 'a' value (12.51 (11.48-13.45) vs

20.8 (19-24)). M. rainai (Isolate 2) males had a shorter body length than M adenobia

(696.60 (644-860) pm vs 926 (768-1248) pm). Compared to M. bhimi (Sudhaus,

1974), M. rainai (Isolate 2) had a smaller pharynx length (Hermaphrodite - 198.5

(162-208) pm V5 246 (244-298) pm ; Male- 138 (134-156) pm vs (226-276) pm),

smaller hermaphrodite 'a' value (12.51 (11.48-13.45) pm V5 26.4 (24-28) pm),

shorter spicule axis length (44.10 (40- 51) pm vs 54 (48-63) pm). The morphometric

characters of M rainai (Isolate 2) compared with M. rainai (Fiji population) showed

similarities in hermaphrodite (1374.26±63.00pm vs 1245±233pm) and male

(696.60±73.89pm vs739±37pm) body lengths (Table 18). The oesophageal length of

males (138.00±5.33pm vs 144±4pm) of both strains were also similar. Morphological

features of spicules (39.63±3.59pm vs 45±3.6pm) varied in both strains though

morphologically they were similar. Male tail of M rainai (Isolate 2) (28.60±5.10pm

vs 36±2pm), was shorter compared to M rainai (Fiji population). Both the M. rainai

strains had same range of values of ratios a, b and c.

The Isolate 2 obtained from Mylom area in this study showed similarity to

M. rainai in morphometric measurements. So to confirm the identity molecular

characterization of Isolate 2 was done by amplifying the internal transcribed region of

the isolate using TTGATTACGTCCCTGCCCTTT as forward primer and

TTTCACTCGCCGTTACTAAGG as reverse primer (Vrain et a!., 1992). Blast

details of the most matching sequence homology in NCBl data base revealed the

identity of Isolate obtained from Mylom as M. rainai.

The Isolate 3 was obtained from Kainidi, Alappuzha was identified as

Rhabditis sp. The characteristics of this native isolate were similar to the males and

females of Isolate 2 (M rainai) obtained from Mylom, Kottarakara. Most of

morphological characters were similar with some differing characters. Infective

Juveniles had a thin elongate body with a closed stoma. Males were J shaped



(804.67±46.34|ini) and females (1337.14±47.18|im) were elongate. The lips were

unfused with funnel shaped stoma. They had a rhabditoid oesophagous with a well-

developed butterfly valve (females- 208.l4±5.64pm; males- 84.71±5.35pm). Beneath

the basal bulb, a distinct cardia was visible (Plate 30). Excretory pore was seen

anterior to the basal bulb (females- 139.25±5.50pm; males- 71.67±4.72pm). The

vulval lips were slightly protruding near to the anal slit (Plate 32).The distinguishing

features among the strains were a ventrally curved tail in males (29.71±4.86pm),

spicules (28.88±4.26|im) with a manubrium which was not round and oesophageal

glands which were not lobed unlike M rainai (Isolate 2). The above mentioned

characters are shown in Plates 24, 25 and 26.

Rhabditis sp. (Isolate 3) was similar to species in the Rhabditis (Oscheius)

insectivora group as they had nine bursal rays and swollen spicules with a leptoderan

tail. On comparing M. silvatica with Rhabditis sp. lower 'b' ratio (9.72 vj 10.8) was

observed in Rhabditis sp. and smaller spicule axis length (28.88 v.v 39.63//m).

Rhabditis sp. (Isolate 3) differed from M rainai as hermaphroditic generation was

absent in them. Compared to M adenobia, Rhabditis sp. males had a shorter body

length than M. adenobia (804 (741-862) pm vs 926 (768-1248) pm). Compared to

M blumi, Rhabditis sp. (Isolate 3) had a smaller pharynx length (Females-208.14

(202-216) pm vs 266 (212-298) pm; Male- 84.71 (78-94) pm vs (226-276) pm) and

shorter spicule axis length (28.88 (22-37) pm vs 54 (48-63) pm).

5.2 SCREENING OF EPN ISOLATES FOR INSECTICIDAL PROPERTY UNDER

IN VITRO CONDITIONS.

The three native EPNs isolates obtained through random soil sampling were

subjected to screening for testing their pathogenicity against test insects v/z,termites,

aphids, tobacco caterpillar and pseudostem weevil. The test insects were treated with

300 Us of native EPN isolates and their mortality percentage was recorded 24 hours



after treatment (HAT). The emergence of Us from infected cadavers and change in

colour of the cadavers were observed.

The data presented in 4.2 revealed that among the three native strains. Isolate

2 obtained from Mylom area, M. rainai showed the highest mortality (87.99 per cent)

followed by Isolate 1 obtained from Vellayani area, Steinernema sp. (86.00 per cent)

and Isolate 3 obtained from Kainidi area, Rhabditis sp. (76.00 per cent) at 24 HAT

with 300 IJs/termite. The emergence of Us was found highest in M rainai (Isolate 2)
3

(2.0x10 ) compared to other two isolates and cadaver infected with M. rainai (Isolate

2) was brownish in colour as mentioned in Plate 9. Results of the study revealed that

mortality of termites was significantly influenced by nematode species. Many

researchers have reported the efficacy of Steinernema and Rhabditis strains against

termites. M rainai was isolated from the gut and head of Coptotermes formosanus

(Osbrink and Carta, 2005). Razia and Sivaramakrishnan (2016) reported S. siamkayai

caused 84.00 per cent mortality of termites with a concentration of 300 Us/termite at

24 HAT. They also reported emergence of 1800 Us of 5. pakistanense from termite

cadaver and the cadaver had a brick red colour.

In the case of aphids, M rainai (Isolate 2) recorded highest per cent mortality

(86.00 per cent) followed by Steinernema sp. (Isolate I) (81.74 per cent) and

Rhabditis sp. (Isolate 3) (71.99 per cent) with 300 Us/aphids at 24 HAT. M. rainai
3

(Isolate 2) showed the highest emergence of Us (1.2.x 10 ) compared to Steinernema
3  3

sp. (Isolate 1) (0.9x10 ) and Rhabditis sp. (Isolate 3) (0.2x10 ). The difference in

aphid mortality observed in this study may be attributed to the host preference by

nematodes, nematode's compatibility with host and vulnerability of insect pests to

specific nematode infection (Shapiro-Ilan and Cottrell, 2005). Maketon et al. (2011)

reported that H. indica was able to penetrate and kill Aphis gossypii but reproduced

poorly.

!o
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M. rainai (Isolate 2) recorded the highest mortality (29.99 per cent) followed

hy Steinernema sp. (Isolate 1) (19.99 per cent) and Rhabditis sp. (Isolate 3) (19.99 per

cent) with 300 Us per larvae at 24 HAT in tobacco caterpillar. M rainai (Isolate 2)
5

showed the highest emergence oflJs (3.5x10 ) compared to Steinernema sp. (Isolate
5  5

1) (2.7x10) and Rhabditis sp. (Isolate 3) (0.9x10). The cadavers infected with

M. rainai (Isolate 2) had pinkish colour whereas cadavers infected with Steinernema

sp. (Isolate I) and Rhabditis sp. (Isolate 3) not showed any colour change (as

mentioned in Plate 13. The mortality percentage observed in this study was different

from the findings of Gupta (2003). He reported a per cent mortality of 40-60 in

tobacco caterpillars treated with 50-100 IJs/larva applied as foliar spray. The results

of emergence of Us from tobacco caterpillar obtained in the study were similar to the

observations of Pervez and Ali (2009). They observed that in vivo production of Us

on S. litura showed the highest yield in S. mushtaqi (0.79x10^ Us/cadaver) followed

by S. seemae (0.72x10^ Us/cadaver), S. carpocapsae (0.67x10^ Us/cadaver) and S.

masoodi (0.51x10^ Us/cadaver). There was no report on colour change of the tobacco

caterpillar infected with EPN. However G. mellonela infected with Steinemematids

showed cream or ochre-grey colour whereas Heterorhabditids showed red or

burgundy colour (Yan et al, 2016).

Results of screening of three native isolates against pseudostem weevil grubs

revealed that Steinernema sp. (Isolate 1) and M. rainai (Isolate 2) at 300

Us/pseudostem weevil grub showed a mortality percentage of 9.99 whereas no

mortality was observed in Rhabditis sp. (Isolate 3) at 24 HAT. The emergence of Us

5

was found highest in Isolate 2 (3.5x10 ) compared to Steinernema sp. (Isolate 1) (1.5
5  5

xlO ) and Rhabditis sp. (Isolate 3) (0.3x10 ). Steinernema sp. (Isolate I) and M

rainai (Isolate 2) showed a discolouration of creamish and reddish brown

respectively whereas Rhabditis sp. (Isolate 3) not showed any colour change (as

mentioned in Plate 15. The results of the present study were in line with the findings

^4



of Padmanabhan et al. (2002). They reported that O. longicollis third-instar grubs

treated with an inoculum level of 10-70 Us and 80-100 IJs/grub of//, indica caused

33.3 and 66.6 per cent mortality respectively at 72 HAT. There was no report on the

emergence of Us from a cadaver and colour change of the cadaver in case of

pseudostem weevil. However Bharathi and Mohite (2013) reported a discolouration

in cadaver of Leucopholis lepidophora due to the infection by H. indica.

In the present study, among the three isolates, M rainai (Isolate 2) at 300Us

performed best in killing the termites, aphids, tobacco caterpillar and pseudostem

weevil grubs at 24 HAT. Selection of appropriate EPNs with virulence and host

searching ability is essential for successful and effective biological control. Bio

control potential of M. rainai against termites, aphids, tobacco caterpillar and

pseudostem weevil is reported first time in this study.

5.3 PATHOGENICITY OF EPN

Pathogenicity of native EPN isolates termites, aphids, tobacco caterpillar and

pseudostem weevil were assessed with inoculum levels of 10, 50, 100 and 200 Us at

different time periods viz., 24, 36, 48, 60 and 72 HAT. The results presented in

Tables 4-15 showed statistically significant variation between different levels of

isolates on mortality of test insects.

Highest mortality of termites was recorded in Steinernema sp. (Isolate I) and

M. rainai (Isolate 2) (cent per cent) with 100 and 200 Us per termite at 48 HAT

which was as effective as Chemical, Chlorpyriphos 25EC (Fig 1). Rhabditis sp.

(Isolate 3) required an exposure period of 60 h and inoculum level of 200 Us/termite

for attaining the same mortality as Steinernema sp. (Isolate I) and M rainai (Isolate

2). M. rainai (Isolate 2) recorded the highest mortality (cent per cent) with 50 Us per

termite followed by Steinernema sp. (Isolate I) (99.08 per cent) and Rhabditis sp.

(Isolate 3) (73.53 per cent) at 60 HAT (Fig 2). Steinernema sp. (Isolate I) recorded

cent per cent mortality with 50 Us per termite at 72 HAT whereas Rhabditis sp.

V
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(Isolate 3) recorded only 81.53 per cent mortality at same inoculum level and time

period. The observation clearly showed that an increase in the inoculum level,

decreased the time period of termite mortality. The efficacy of different isolates of

EPN for controlling a particular insect pest may differ and is influenced by the rate of

IJ penetration into the insect, the virulence and time it takes to release the symbiotic

bacteria (Glazer and Navon, 1990). The result obtained in the present study was

superior over the findings of Wang et al. (2002) in which S. carpocapse and

S. riobrave caused significant mortality of C. formosamis only after 8 days of

treatment with 400 IJs/termite. The results of the present investigation were in

agreement with the findings of Zadji et al. (2014) and Razia et al. (2016). An

experiment conducted by Zadji et al. (2014) recorded 96.3 per cent mortality of

termites, Macrotermes bellicostis with H. indica (50 Us/ termites) after 48 hours of

treatment. Another study conducted by Razia et al. (2016) recorded cent per cent

mortality of R. flavipes with 500 and 700 IJs/ml of S. siamkayai and S. pakistamme

respectively within 48 hours of exposure. The present study reveals the bio efficacy

of Rhabditis sp. against termites for the first time,

Steinernema sp. (Isolate 1) and M rainai (Isolate 2) at 200 Us recorded cent

percent mortality of aphids at 48 HAT and it was statistically on par with chemical

(Dimethoate 30EC) followed by Rhabditis sp. (Isolate 3) (91.87 per cent). M. rainai

(Isolate 2) at lOOUs/aphid recorded highest mortality (cent per cent) than

Steinernema sp. (Isolate 1) (98.54 per cent) at 48 HAT (Fig 3). But Steinernema sp.

(Isolate 1) needed an inoculum level of 200 IJs/aphid to get cent per cent mortality at

48 HAT. Rhabditis sp. (Isolate 3) recorded cent per cent mortality at 60 HAT with

200 Us/aphid. Highest mortality with 50 Us at 60 HAT was observed with M. rainai

(Isolate 2) (99.87 per cent) followed by Steinernema sp. (Isolate 1) (91.58 per cent)

and Rhabditis sp. (Isolate 3) (67.04 per cent) (Fig 4). At the end of 72 hours, 50 Us of

Steinernema sp. (Isolate I) and A/ rainai (Isolate 2) recorded cent per cent mortality

whereas Rhabditis sp. (Isolate 3) showed only 82.58 per cent mortality. Many works
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have been conducted using Steinernema and Heterorhabditis against various

homopteran insect pests under controlled environment by several researchers but

results were less effective (Stuart et al, 1997). Conversely, the present study reveals

the potential of Rhabditis sp. in causing mortality of aphids with lowest inoculum

levels and period of exposure. The results obtained with Stewernema sp. (Isolate 1)

agree with the observations of Kumar and Ganguly (2011). They conducted a leaf

disc assay and reported that 5. thermophilum (New Delhi strain) caused a mortality

percentage of 66-83 in Aphis gossypii when treated with inoculum levels ranging

from 50-500 IJs/ml after 72 HAT. The finding of the present study in aphids was also

in agreement with Sheela et al. (2006) who reported that a native EPN strain from

Kerala recorded cent per cent mortality of rice bug at lowest inoculum level of 10 Us.

Among the EPN isolates, M. rainai (Isolate 2) at 200 Us recorded the highest

mortality of tobacco caterpillar (99.35 per cent) followed by Steinernema sp. (Isolate

1) (85.36 per cent) and Rhabditis sp. (Isolate 3) (85.35 per cent) at 72 HAT. When the

concentration of Us was reduced to 100 Us per larvae, highest mortality was recorded

by M. rainai (Isolate 2) with 92.53 per cent mortality followed by Rhabditis sp.

(Isolate 3) (80.00 per cent) and Steinernema sp. (Isolate I) (73.20) at 72 HAT (Fig 6).

Mortality percentage at 60 HAT with 200 Us was highest in M. rainai (Isolate 2)

(80.52) followed by Steinernema sp. (Isolate 1) (75.17) and lowest in Rhabditis sp.

(Fig 5) (Isolate 3) (65.08). Percentage mortality was found directly proportional to

concentration of Us and period of exposure. Several workers reported the efficacy of

EPNs against S. litura. Rajkumar et al. (2002) reported that sand column bioassay

tests of Heterorhabditis sp. (HUDP-1 strain) against S. litura and recorded mortality

per cent ranging from 16.7 to 88.9 when treated with 25, 50. 75, 100, 125 and

150 Us/caterpillar. Gupta et al. (2008) reported 100 per cent mortality of 3-5 instar

larvae of S. litura after 96 hours of treatment in laboratory conditions by a local

isolate of S. carpocapsae. Yadav et al. (2017) reported 100 per cent mortality of

S. litura at an inoculum level of 400 Us of S. carpocapsae produced on animal

9?
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protein based media at 96 hours after exposure. But the present study is pioneer in

testing the pathogenicity of Rhabditis sp. against S. liiura. However, Padmakumari et

al. (2007) reported Rhabditis sp. causing mortality of egg mass and neonate larvae of

rice yellow stem borer at 500 IJs/larvae at 31 h.

On comparing native EPN isolates, the mortality of pseudostem weevil grubs

was highest in M. raimi (Isolate 2) with 200 IJs/grub at 72 HAT (62.66 per cent).

200 Us of Steinernema sp. (Isolate 1) and Rhabditis sp. (Isolate 3) recorded only

50.00 and 37.44 per cent at the same time period (Fig. 5). M rainai (Isolate 2)

recorded 47.49 per cent mortality with 100 Us per grub at 72 HAT whereas

Steinernema sp. (Isolate 1) and Rhabditis sp. (Isolate 3) recorded only 44.97 and

29.75 per cent mortality respectively at the same level and period of exposure. This

finding clearly highlights a reduced mortality percentage of pseudostem weevil grubs

with Us which might be due to restricted movement of grubs inside the pseudostem.

Chemical showed highest mortality of O. longicoUis grubs at 72 HAT. The results of

this study were in line with the findings of Padmanabhan et al. (2002) who reported

that O. longicoUis third-instar grubs treated with inoculum levels of 10-70 and 80-100

IJs/grub caused 33.3 and 66.6 per cent mortality respectively after 72 hours of

treatment. A similar work was undertaken by Mwaitulo et al. (2011) using native

strains belonging to genera Steinernema and Heterorhabditis with inoculum levels

viz., 100, 500 and 1000 IJs/grub in a cylindrical piece of pseudostem. They reported

that with increase in dosage of EPNs the mortality of O. longicoUis grubs increased.

Rhabditis sp. as a potential EPN was revealed for the first time through the present

study.

The present study highlights the biocontrol potential of three native isolates

against the test insects at different inoculum levels and exposure periods. Nematode-

bacteria complex plays significant role in insect mortality. Due to difference in

nematode species, their associated bacteria also reacted differently in different types

of insects. Rates of nematode infection and insect mortality is dose dependent and
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varies depending on the type of substrate, insect and experimental conditions. Based

on the findings it can be stated that M. rainai can be exploited for the sustainable

management of termites, aphids, tobacco caterpillar and pseudostem weevil due to

low inoculum requirement for killing the pests and high efficacy.
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6. SUMMARY

The study entitled "Pathogen icity of indigenous entomopathogenic nematodes

against select insect pests" was conducted in Department of Nematology, College of

Agriculture, Vellayani during 2017-19. The main objective was to isolate indigenous

entomopathogenic nematodes (EPN) and to determine their potential in causing

mortality of different groups of pests.

A  survey was conducted in different districts of Kerala

viz.,Thiruvanathapuram, Kollam, Pathanamthitta and Alappuzha for isolation of

indigenous EPNs from different crop habitats. A total of forty soil samples were

collected from the rhizosphere of vegetables, banana and coconut through random

sampling. Three native EPN strains were isolated from the collected soil sample

through "insect baiting technique". Isolate 1 was obtained from soil samples collected

from the rhizosphere region of cowpea plants raised in College of Agriculture,

Vellayani. Isolate 2 was obtained from samples collected from tomato plant grown in

a multicropped field in Mylom, Kottarakara (Kollam). Isolate 3 was obtained from

the banana rhizosphere in Kainidi area of Alappuzha district. The native EPN strains

were mass multiplied in corcyra larvae and were stored separately in tissue culture

flasks which were kept in BOD incubator at I5°C. All the three isolates were

screened for their insecticidal property against termites, aphids, tobacco caterpillars

and pseudostem weevils under in vitro condition.

Results obtained in preliminary screening of native strains against test insects

using 300 Us/ insect showed that Isolate 2 recorded the maximum emergence of Us

from termites (2xl0^1Js/adult), aphids (1.2xlO^Us/adult), tobacco caterpillar

(3.5x1 O^Us/larvae) and pseudostem weevil (3.5xlO^Us/grub). Isolate 2 at 300 Us

showed mortality percentage of 87.99, 86.00, 29.99 and 9.99 against termite, aphids,

tobacco caterpillar and pseudostem weevil respectively at 24 HAT. Isolate 1 and 3

showed mortality of 86.00 and 76.00 per cent in termites and 81.74 and 71.99 per

\
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cent in aphlds respectively at 24 HAT. No appreciable mortality was shown by

Isolate 1 and 3 in tobacco caterpillar and pseudostem weevil grub.

Infection of Isolate 2 resulted in brown, pink and reddish brown

discolouration in cadavers of termites, tobacco caterpillars and pseudostem weevil

grubs respectively. Isolate I showed a creamish discolouration in pseudostem weevil

grubs. Isolate 3 did not show any colour change in cadavers of any test insect. No

discolouration was observed in aphids by any of the native isolates.

Based on results of preliminary screening. Isolate 1, 2 and 3 were tested for

their pathogenicity against test insects with 10, 50, 100 and 200 TJs/ insect at 24, 36,

48, 60 and 72 HAT under in vitro condition. In termites, Isolate land 2 showed

maximum mortality (cent per cent) with 100 and 200 Us at 48 HAT and effect of

these two native isolates was statistically on par with the chemical. All the inoculum

levels of Isolate 1 and 2 recorded cent per cent mortality at 72 HAT. Isolate 3 showed

cent per cent mortality of termites with 200 Us at 72 and 60 HAT respectively.

In the case of aphids. Isolate 2 recorded maximum mortality (cent per cent)

with 100 and 200 Us at 48 HAT and were statistically on par with the chemical. All

the inoculum levels of Isolate 2 except 10 Us showed cent per cent mortality at 72

HAT. Even 200 Us of Isolate 1 recorded cent per cent mortality at 48 HAT. Isolate 3

showed cent per cent mortality with 200 Us at 60 HAT.

Tobacco caterpillar was found to be less susceptible to lower doses of native

EPN strains. Chemical showed cent per cent mortalit}' within 24 h of exposure.

However, 200 Us of Isolate 2 showed a mortality of 80.52 and 99.35 per cent at 60

and 72 HAT respectively. Isolate I recorded 75.17 and 85.36 per cent mortality with

200 Us at 60 and 72 HAT. Isolate 3 recorded the least mortality among the isolates at

200 Us with 65.08 and 85.35 per cent at 60 and 72 HAT respectively.
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Among the test insects, the pseudostem weevil grubs recorded the least

mortality percentage when treated with native EPNs. Chemical showed cent per cent

mortality at 48 HAT. 100 and 200 Us of Isolate 2 recorded 47.49 and 62.66 per cent

mortality at 72 HAT. Isolate I showed a mortality percentage of 44.97 and 50.00 with

100 and 200 Us at 72 HAT. Isolate 3 at 100 and 200 U level recorded 29.75 and

37.44 per cent mortality at 72 HAT. No appreciable mortality percentage was

observed with lower inoculum levels (50 and 10 Us) in any of the native isolates.

The native EPN strains were identified based on the morphological characters

and morphometric measurements. Isolate 1 was identified as Steimrnema sp. The Us

had an elongate and thin body which retained the second stage cuticle. They had

closed mouth opening. Females were C shaped and males were J shaped. The anterior

region of both males and females had rounded lip with short stoma. The excretory

pore (I54.00±5.57pm) was seen anterior to the nerve ring in both males and females.

The oesophagous of both males (I44.40±4.I4pm) and females (165.60±6.74pm) was

muscular with cylindrical procorpus, slightly enlarged metacorpus, short and narrow

isthmus surrounded by a nerve ring and rounded basal bulb. Vulva was seen as a

transverse slit situated on a protuberance and was sub medially loeated which was a

typical character of Steinentema females. The males had symmetrical, slightly curved

and paired spicules (44.i0±4,46pm). Beneath the spicule, a boat shaped

gubemaculum (23.70±2.98pm)was present. The females had a short and conoid tail

(54.10±5.26pm)with a pointed tip. The male tail (35.80±5.20nm) was conoid with a

mucron and withoutbursa.

Based on the morphometric and molecular analysis, Isolate 2 was identified as

Metarhahditis raimi. Us had a narrow and elongated body and they have not

retainedtheir 2"'' stage cuticle. The tail of Us was long and pointed and covered with a

sheath. Hermaphrodites obtained in the first generation had a C shaped body unlike

that of males and females. Females had a long and elongated body whereas males had

a J shaped body. The stoma was tubular/ funnel shaped in hermaphrodites, males and
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females. Hermaphrodites had well cuticularized chellorhabdions unlike males and

females in which cuticularized cheilorhabdions were absent. Hermaphrodite had a

cylindrical corpus (198.50±8.44|im) throughout whereas the males (138.00±5.33nm)

and females (215.78±10.60pm) had a typical "Rhabditoid oesophagous" with a

cylindrical procorpus, undifferentiated metacorpus, distinct isthmus and pyriform

shaped basal bulb with well-developed butterfly valve. The oesophageal glands were

lobed protruding into the intestine. Hermaphrodites had a conoid tail (98.70±9.03Mm)

with post-anal swelling and pointed terminus. Females had a filiform tail

(166.50±12.11pm) whereas males had a short, conoid and pointed tail. Vulva was a

tranverse slit with slightly protruding vulval lips and was seen near to the anal slit.

The male tail (28.60±5.10pm) had a peloderan bursa with eight genital papillae. The

spicules (39.63±3.59pm) were paired and asymmetrical and slightly curved ventrally.

Gubemaculum (28.00±3.86pm) was slightly cun'ed ventrally and had a length more

than half the spicule length.

Isolate 3 was identified as Rhabditis sp. based on the morphological

characters and morphometric measurements. Isolate 3 was similar to the males and

females of Isolate 2 obtained. Most of morphological characters were similar with

some differing characters. The distinguishing features among the strains were a

ventrally curved tail, spicules with a manubrium which was not round and

oesophageal glands were not lobed.

Based on the pathogenicity studies, Isolate 2 is identified as the most potent

EPN strain which caused maximum mortality in termites, aphids, tobacco caterpillar

and pseudostem weevil. Molecular characterization of Isolate 2 revealed it as

Metarhabditis raimi.

Result of the study revealed the biocontrol potential of native strains of EPN

against different test insects. Among the three native isolates, Isolate 2 was identified

as Metarhabditis rainai which proved to be the most potent strain and can be
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recommended in IPM programmes without any harmful effect on the environment.

An effort needs to be directed towards formulating the strain so as to improve its

efficiency and shelf life.

104



Vv

^ferences



7. REFERENCES

Abbas, M. S. T. 2010. IPM of the red palm weevil, Rhynchophorus ferrugineus. In

Integrated management ofarthropod pests and insect borne diseases, pp: 209-233.

Abbott, W. S. 1925. A method of computing the effectiveness of an insecticide. J. Econ.

Entomol. 18(1): 265-267.

Abdel-Razek, A. S. and Abd-elgawad, M. M. 2007. Investigation and efficacy of

entomopathogenic nematodes against Spodoptera littoralis (Biosd.) and Galleria

mellonella (L.). Arch. Phytopathol. Plant Prot. 40(6): 414-422.

Adiroubane, D., Tamilselvi, R. and Ramesh, V. 2010. Efficacy of Steinernema siamkayai

against certain crop pests. J. Biopesticides. 3(Special Issue), 180.

Ahmad, R., Ali, S. S. and Pervez, R. 2005. Field efficacy of Steinernema masoodi based

biopesticide against Helicoverpa armigera (HUbner) infesting chickpea. Trends in

Biosci. 2(1): 23-24.

Akhurst, R, J. and Bedding, R, A. 1986. Natural occurrence of insect pathogenic nematodes

(Steinemematidae and Heterorhabditidae) in soil in Australia J. Aust. Entomol. Soc.

25:241-244.

Akyazi, P., Ansari, M. A., Ahmed, B. 1., Crow, W. T. and Mekete, T. 2012. First record of

entomopathogenic nematodes (Steinemematidae and Heterorhabditidae) from

Nigerian soil and their morpheme analysis. Nematol. meditt. 40(1): 95-100.

Ali, S. S, Shaheen, A, Pervez, R, Hussain, M. A. 2005. Steinernema masoodi sp. n. and

S. seemae sp. n. (Nematoda: Rhabditidae: Steinemematidae) from India. Int. J

Nematol. 15: 89-99.

Ali, S. S. and Ahmad, R. 2009. BioefFicacy of Steinernema masoodi against pre pupa/pupa of

Helicoverpa armigera. Trends in Biosci. 2(1): 18-19.

Ali, M. N., Jan, N. D. and Mahar, A. Q. 2012. Comparative effectiveness of

entomopathogenic nematodes against the pupae of mustard beetle, Phaedon

cochleariae F. (Chrysomelidae: Coleoptera). Pakistani Zool. 44(2): 517-523.

\

105



Anes, K. M., Babu, M., Sivadasan, J. and Rajkumar, J. A. 2018. New Distributional Record

of Steinernema hermaphroditum (Rhabditida: Steinernematidae) from Kerala, India.

Indian J. Nematol. 48(2); 169-177.

Anis, M., Shahina, F., Reid, A. P. and Rowe, J. 2002. Steinernema asiaticum sp. n.

(Rhabditida: Steinernematidae) from Pakistan. Int. J. Nematol. 12(2): 24-27.

Ansari, M. A., Waeyenberge, L. and Moens, M., 2007. Natural occurrence of Steinernema

carpocapsae, Weiser, 1955 (Rhabditida: Steinernematidae) in Belgian turf and its

virulence to Spodoptera exigna (Lepidoptera: Noctuidae). RiLssian J. Nematol. 15(1):

21.

Baur, M. E., Kaya, H. K., Gaugler, R. and Tabashnik, B. E. 1998. Effects of adjuvants on

entomopathogenic nematode persistence and efficacy against Plutella .xylostella.

Biocontrol Sci. and Tech. 1 (4): 513-525.

Beavers, J. B., McCoy, C. W. and Kaplan, D. T. 1983. Natural enemies of subterranean

Diaprepes ahbreviahi.s (Coleoptera: Curculionidae) larvae in Florida. Environ.

Entomol. 12(3): 840-843.

Bedding, R. A. and Akhurst, R. J. 1975. Simple technique for the detection of insect parasitic

rhabditid nematodes in soil. Nematologica. 21: 109-110.

Bharathi, S. and Mohite. P. B., 2013. Biocontrol potential of entomopathogenic nematodes

Heterorhabditis and Steinernema against second instar grub of white grub,

Leucopholis lepidophora (Blanehard). Int. J. Sci. Res. 4(10): 908-909.

Bhatnagar, A. 2011. Susceptibility of eggs, pupae and adults of white grub, Maladera

insanahilis (Brenske) to entomopathogenic nematode, Heterorhabditis bacteriophora

Poinar. Indian J. Entomol. 73(4): 360-364.

Bortoluzzi, L., Alves, L. F. A., Alves, V. S. and Holz, N. 2013. Entomopathogenic

nematodes and their interaction with chemical insecticide aiming at the control of

banana weevil borer. Cosmopolites sordidus (Coleoptera: Curculionidae). Arquivos

do Instituto Bioldgico. 80: 183-192.

106>



<?

Brown, M. W., Jaegers, J. J., Pye, A. E. and Schmitt, J. J. 1992. Control of edaphic

populations of woolly apple aphid using entomopathogenic nematodes and a systemic

insecticide. J. Entomol. Sci. 27(3): 224-232.

Chaerani, R. and Stock, S.P. 2004. Morphological and molecular characterisation of

Steinemema hermaphroditum n. sp. (Nematoda: Steinemematidae), an

entomopathogenic nematode from Indonesia, and its phylogenetic relationships with

other members of the genus. Nematol. 6(3): 401-412.

Chandel, R. S., Chandla, V. K. and Dhiman, K. R. 2005. Vulnerability of potato white grub

to entomopathogenic fungi and nematodes. Potato J. 32(3): 193-194.

Chandel, Y. S., Kapoor, S. and Kumar, S. 2009. Virulence of Heterorhabditis bacteriophora

against cutworm, Agrotis segetum. J. Biol. Control. 23: 409-415.

Chandler, D., Hay, D. and Reid, A. P., 1997. Sampling and occurrence of entomopathogenic

fungi and nematodes in UK soils. Appl. Soil Ecol 5(2): 133-141.

Cochran , W. G. and Cox, G. M. 1965. Experimental Design (2nd Ed.). John Wiley and Sons

Inc, New York, 182p.

Darissa, O. M. and Iraki, N. M. 2014. Molecular identification of six Steinemema Isolates

and characterization of their Internal Transcribed Spacers Regions. Jordan J. Bio. Sci.

7(1): 89-95.

de Man, J. G. 1880. Die Einheimischen, frei inder reinin Erde Und isussen wassser

lebenden (Nematoden) vorlauflger bericht Und systemarichser. Theil.

Tijdschemed. Dierk. Vereen. 5:1-104.

Devi, G. 2008. Compatibility of indigenous entomopathogenic nematodes with

entomopathogenic fungi./wrf/flM,/ Plant Prot. 35(1): 149-150.

Devi, G. and Nath, D., 2016. Entomopathgoenic nematodes: A tool in biocontrol of insect -

pests of vegetables-A review. Agricultural Reviews, 38 (2): 7-9.

Divya, K. Sankar, M. and Marulasiddesha, K. N. 2010. Efficacy of entomopathogenic

nematode, Heterorhabditis indica against three lepidopteran insect pests. Asian J.

Exp. Biol. Sci. 1 (1): 183-188.

iO^



\

Dolinski, C., Kamitani, F. L., Machado, I. R., and Winter, C. E. 2008. Molecular and

morphological characterization of heterorhabditid entomopathogenic nematodes from

the tropical rainforest in Brazil. Memorias do Institute Oswaldo Cruz. 103(2): ISO-

ISO.

Duncan, L. W. and Nguyen, K. B. 2006. Steinernema diaprepesi n. sp. (Rhabditida;

Steinernematidae), a parasite of the citrus weevil Diaprepes abbreviates (L)

(Coleoptera: Curculionidae). J. Nematol. 34(2): 1S9-172.

Ekanayake, Abeysinghe and Toida, Y. 2001. Potential of entomopathogenic nematodes as

bio-control agents of sweet potato weevil, Cylas formicarius (Fabricius) (Coleoptera:

Brenthidae). Jpn. J. Nematol. 31(2): 19-2S.

Elawad, S., Ahmad, W. and Reid, A. P., 1997. Steinernema abbasi sp. n. (Nematoda:

Steinernematidae) from the Sultanate of Oman. Fundamental Appl. Nematol. 20(5):

43S-442.

Farag, N. A. 2002. Impact of two entomopathogenic nematodes on the ladybird, Coccinella

undecimpunctata and its prey, Aphis fabae. Ann. Agric. Sci. Ain-Shams Univ.

(Egypt).13: 38-4S.

Fetoh, B. E. S., Khaled, A. S. and El-Nagar, T. F. 2009. Combined effect of

entomopathogenic nematodes and biopesticides to control the greasy cut worm,

Agrotis ipsilon (Hufn.) in the strawberry fields. Egypt Acad. J. Biol. Sci. 2(1): 227-

236.

Ganguly, S. and Singh, L. K. 2001. Optimum thermal requirements for infectivity and

development of an indigenous entomopathogenic nematode,

Steinernema thermophilum Ganguly& Singh. Indian J. Nematol. 31(2): 148-1S2.

Gapasin, R., Lim, J., Oclarit, E., Ubaub, L. and Aide, M. 2017. Occurrence and distribution

of entomopathogenic nematodes in sweet potato fields in the Philippines and their

implication in the biological control of sweet potato weevil. Hortic. 3(1): 22.

Gardner, S. L., Stock, S. P. and Kaya, H. K. 1994. A new species of Heterorhabditis from

Hawaiian island. J. Parasitol. 80(1): 100-106.

lOS



.A

Gazit, Y., Rossler, Y. and Glazer, I. 2000. Evaluation of entomopathogenic nematodes for

the control of Mediterranean fruit fly (Diptera; Tephritidae). Biocontrol Set. Teclmol.

10(2): 157-164.

Glaser, R. W. and Fox, H. 1930. A nematode parasite of the Japanese beetle {Popillia
japonica Newm.) Sci. 71:16-17.

Glaser, R.W. 1932. Studies on Neoaplectana glaseri, a nematode parasite of the Japanese
beetle {Popilliajaponica). New Jen's. Agric. 211: 34.

Glazer, I. and Navon, A. 1990. Activity and persistence of entomo-parasitic nematodes tested

against Heliothis armigera (Lepidoptera:Noctuidae). J. Econ. Entomol. 83:1795-

1800.

Griffin, C., Joyce, S. A., Dix, 1., Bumell, A. and Downes, M. 1994. Characterisation of the

entomopathogenic nematode Heterorhabditis (Nematoda; Heterorhabditidae) from
Ireland and Britain by molecular and cross-breeding techniques, and the occurrence

of the genus in these islands. Fundalmental Appl. Nematol. 17(3): 245-253.

Gupta, P. 2003. Entomopathogenic nematodes - work done at Allahabad Agriculture
Institute, Allahabad. In: Hussaini, S. S., Rabindra, R. J. and Nagesh, M. (eds.),
Current Status of Research on Entomopathogenic Nematodes in India. PDBC,

Bangalore, pp 161-166.

Gupta, S., Kaul, V., Srivastava, K. and Monobrlillah, M. D. 2008. Pathogenicity and in vivo

culturing of a local isolate of Steinernema carpocapsae against Spodoptera litura

(Fab.). Indian J. Entomol. 70 (4): 346-349.

Gupta, S., Kaul, V., Monobrlillah, M. D. and Kumar. S. 2009. Field evaluation of

steinemematid and heterorhabditid nematodes against Plutella xylostella (L.) on

cauliflower. Plant Prot. Sci. 19 (2): 418-422.

Hazir, S., Keskin, N., Stock, S. P., Kaya, H. K. and Ozcan, S. 2003. Diversity and

distribution of entomopathogenic nematodes (Rhabditida: Steinemematidae and

Heterorhabditidae) in Turkey. Biodivens. Con.serv. 12(2): 375-386.

Holajyer, P., Patil, J. B., Harish, G., Nataraja, M. V., Poonam, J. and Savaliya, S. D. 2014.

Evaluation of entomopathogenic nematodes, Steinernema carpocapsae and

10^



Heterorhabditis indica for their virulence against Spodoptera litura. Ann. Plant

Protec. Sci. 22(1): 163-165.

Hominick, W. M. 2002. Entomopathogenic nematology. CABl Publishing, New York, pp:

115-143.

Hunt, D. J. and Sergei, A. S. 2016. Taxonomy and systematics. In: Advances in

entomopathogenic nematode taxonomy and phytogeny, pp: 13-58.

Hussaini, S. S., Rabindra, R. J. and Nagesh, M. 2003. Current Status of Research on

Entomopathogenic Nematodes in India, Project Directorate of Biological Control,

Banglore. pp: 114-1 18.

Hussaini, S. S., Ansari, M. A., Ahmad, W. and Subbotin, S. A. 2001. Identification of some

Indian populations of Steinernema species (Nematoda) by RFLP analysis of the ITS

region of rDNA. Int. J. Nematol. 11(2): 73-76.

Hussaini, S. S., Singh, S. P., Parthasarathy, R. and Shakeela, V. 2000. Virulence of native

entomopathogenic nematodes against black cutworms, Agrntis ipsilon (Hufnagel) and

A. segetum (Noctuidae: Lepidoptera). Indian J. Nematol. 30(1): 86-110.

Hussein, M. A., El-Wakeil, N. and El-Sebai, T., 2006. Susceptibility of melon fruit fly,

Dacus ciliates to entomopathogenic nematodes (Rhabditida) and to insecticides. Int.

J. Nem. /5(I):I3.

Ibrahim, S. A., Youssef, S. S. and ElAzeem, A. M. A. 2010. Molecular and biochemical

characterization of the nematode-insect relationship. Arab. J. Biotech. 73:73-84.

Jacob, S. J. and Mathew, P. M. 2016. Laboratory evaluation of EPN against American

serpentine leaf miner. J. Biopest. 9(1): 27- 33.

Jagadeesh, P. and Subhaharan, K. 2014. Virulence of Steinernema carpocapsae and

Heterorhabditis indica against coconut rhinoceros beetle, Oryctes rhinoceros L.

(Scarabaeidae: Coleoptera). Indian J. Nematol.36: 115-118.

Jayasree, T. V. 1992. Biology of banana pseudostem weevil MSc. (Ag.) thesis, Kerala

Agricultural University, Thrissur, 108p.

110



Josephrajkumar, A., Devi, A. D., Murugan, M. and Vasanthakumar, K. 2005.

Entomopathogenic nematodes- mass production and application in cardamom root

grub, Basileptafulvicorne Jacoby management. 7: 54-59.

Karthikeyan, K. and Jacob, S. 2009. Bioefficacy of white muscardine fungus, Beauveria

bassiam (Balsamo) Vuillemin and entomopathogenic nematode, Heterorhabditis

indica (Poinar) against rice blue beetle, Leptispa pygmaea Baly. J. Biol. Control.

23(1): 79-81.

Kary, N. E., Niknam, G., Mohammadi, S. A., Griffin, C. and Moghaddam, M. 2009. A

survey of entomopathogenic nematodes of the families Steinernematidae and

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

Kary, N. E., Niknam, G., Nikdel, M. and Griffin, C. 2010. Diversity of entomopathogenic
nematodes (Nematoda: Steinernematidae, Heterorhabditidae) from Arasbaran forests

and rangelands in north-west Iran. Nematol. 12(5): 767-773.

Katti, G., Padmakumari, A, P. and Prasad, J. S. 2003. Oscheius sp., an entomopathogenic
nematode of rice yellow stem borer, Scirpophaga incertulas. Indian J. Nematol.

32(1): 44-46.

Kaya, H. K. and Stock, S. P. 1997. Techniques in Insect Nematology. In: Manual of

techniques in insect pathology. Academic Press, pp: 281-324.

Khan, M. R. and ZiaulHaque. 2010. Occurrence of entomopathogenic nematodes in districts

of Western Uttar Pradesh, India. Indian! Nematol. 40(2): 264-266.

Khan, M. R. and Uzma. K. 2007. Effect of temperature regimes on the survival of

Steinernema masoodi AMU . Indian ! Nematol. 39(1): 65-70.

Khatri-Chhetri, H. B., Waeyenberge, L., Spiridonov, S., Manandhar, H. K. and Moens, M,

2011. Steinernema lamjungense n. sp. (Rhabditida: Steinernematidae), a new species

of entomopathogenic nematode from Lamjung district, Nepal. Nematol. 13(5): 589-

605.

ill



Khatri-Chhetri, H. B., Waeyenberge, L., Manandhar, H. K. and Moens, M., 2010. Natural

occurrence and distribution of entomopathogenic nematodes (Steinemematidae and

HeterorheAidhidsiQ) in'Nepa.lJ. Invertebrate Pathol. 103(1): 74-78.

Koizumi, C., Kushida, T. and Mitsuhashi, J. 1987. Preliminary field tests on white-grub

control by an entomogenous nematode, Steinernema sp. J. Jpn. For. Sac. 70(9): 417-

419.

Koppenhofer, A. M. and Fuzy, E. M. 2004.Effect of white grub developmental stage on

susceptibility to entomopathogenic nematodes. J. Econ. Entomol 97,1842-1849.

Kumar, H. K. and Ganguly, S., 2011. Bioefflcacy of Indian Strains of entomopathogenic

mematodes against different Homopterans under laboratory conditions. Indian J.

Nematol. 4\(2): 197-200.

Kumar, M. R., Parihar, A. and Siddiqui, A. U. 2003. In vivo cuituring of indigenous

entomopathogenic nematodes from Udaipur. Indian J. Nematol. 33(1): 179.

Laznik, Z., Tlmea, T., Tam^ L., Matej, V. and Stanislav T. 2009. Efficacy of two strains of

Steinernema feltiae (Filipjev) (Rhabditida: Steinemematidae) against third-stage

larvae of common cockchafer {Melolontha melolontha [L.], Coleoptera,

Scarabaeidae) under laboratory conditions. Acta Agricullurae Slovenica 93(3): 293.

L6pez-Robles, J. and Hague, N. G. M. 2003. Evaluation of insecticides and

entomopathogenic nematodes for control of the cutworm Agrotis segetum of endive.

Tests Agrochem. Cultivars. 5: 8-13

Maketon, M., Somsook, V., Rattanakom, P. and Hotaka, D., 2011. Patliogenicity and culture

of a Heterorhabditis indica isolate from Thailand. Nematropica, 41(1): 52-61.

Malan, A. P., Knoetze, R. and Moore, S. D. 2011. Isolation and identification of

entomopathogenic nematodes from citrus orchards in South Africa and their

biocontrol potential against false codling moth. J. Invertebrate Pathol. 108(2): 115-

125.

Mathasoliya, J. B., Maghodia, A. B. and Vyas, R. V. 2004. Efficacy of Steinernema riobrave

against Agrotis ipsilon Hufhagel (Lepidoptera: Noctuidae) on potato. Indian J.

Nematol. 34(2): 177-179.



#<
Miller, S. A., Dykes, D. D. and Polesky, H. F. R. N., 1988. A simple salting out procedure

for extracting DNA from human nucleated cells. Nucl acids res. 16(3): 1215.

Mohandas, C., Rajamma, P., Sheela, M. S., Sheeba, M. and Naveen Raj, D. S. 2004.
Rhabditis (Oscheius) sp. (Nematoda : Rhabditidae) a new entomopathogenic
nematode of crop pests. In: Green Pesticides for Insect Pest Management. Narosa

Publications, India, pp. 200-202.

Mwaitulo, S., Haukeland, S., Sa^thre, M. G., Laudisoit, A. and Maerere, A. P. 2011. First

report of entomopathogenic nematodes from Tanzania and their virulence against
larvae and adults of the banana weevil, Cosmopolites sordidiis (Coleoptera:
Curculionidae). Int../ Prop. Insect. Sci. 31 (3): 154-161.

Nancy, D. and John, L. 1988. Efficacy of the entomogenous Nematode Steinernema feltiae
against a subterranean termite, Reticulitermes tibialis (Isoptera: Rhinotermitidae). J.
Econ. Entomol. 81(5): 1313-1317.

Nderitu, J., Sila, M., Nyamasyo, G. and M. Kasina. 2009. Effectiveness of entomopathogenic
nematodes against sweet potato weevil {Cylas puncticollis Boheman (Coleoptera:
Apionidae) under semi-field conditions in Kenya. J. Entomol 6(3): 145-154.

Ndiritu, M. M., Kilalo, D., Kimenju, J, W. and Mwaniki, S. W. 2016. Pathogenicity of
selected Kenyan entomopathogenic nematodes of genus Steinernema against banana

weevil {Cosmopolites Sordidus).Agric. & Food Sci. Res. 5(1): 29-36.

Nguyen, K. and Hunt, D. 2007. Entomopathogenic nematodes: systematics, phylogeny and

bacterial symbionts. Brill. 5: 51-119.

Nguyen, K. B. and Smart, G. C. 1990. Steinernema scapterisci n. sp. (Steinemematidae:

Nematoda). J Nematol 22:187-199.

Nguyen, K. B. and Smart, G. C. 1990. Steinernema scapterisci n.sp. (Steinemematidae :

Rhabditida : Nematoda). J. Nematol. 22: 187-199.

Nguyen, K. B. and Smart, G. C. 1992. A new steinemematid nematode from Uruguay. J.

Nematol. 20: 651.

lU



Nguyen, N. C., Phan, K. L., Moens, M. and Subbotin, S. 2002. Heterorhabditis baujardi

(Rhabditida: Heterorhabditidae) from Vietnam and morphometric data for H. indica

populations. Nematol. 5(3): 367-382.

Nyasani, J. O., Kimenju, J. W., Olubayo, F. M., Shibairo, S. I. and Mutua, G. K. 2007.

Occurrence of entomopathogenic nematodes and their potential in the management of

diamond back moth in Kale. Asian J. Plant Sci. 7(3); 314-318.

Osbrink, W. and Carta, L., 2005. Rhabditis rainai n. sp. (Nematoda: Rhabditida) associated

with the Formosan subterranean termite, Coptotermes formosanus (Isoptera:

Rhinotermitidae). Nematol. 7(6): 863-879.

Padilla-Cubas, A., Hernandez, A. C. and Garcia-del-Pino, F. 2010. Laboratory efficacy

against neonate larvae of the banana weevil Cosmopolites .sordidus of two indigenous

entomopathogenic nematode species from the Canary Islands (Spain). Int. J. Pest

Manag. 56(3), pp: 211-216.

Padmakumari, A. P., Prasad, J. S., Gururaj, K. and Sankar, M., 2007. Rhabditis sp. {Oscheius

sp.), a biocontrol agent against rice yellow stem borer, Scirpophaga incertulas.

Indian J. Plant Prot. 35:255-258.

Padmanabhan, B., Sundararaju, P., Cannayane, 1. and Hussaini, S. S. 2002. Effect of

entomopathogenic nematodes, Heterorhabditis indica (PDBCEN 13.3) on banana

stem weevil, Odoiporous longicollis in vitro. Indian J. Nematol. 32; 207.

Parihar, A., Siddiqui, A. U., Yadav, Y. S. and Ram, B. 2002. Occurrence of

entomopathogenic nematodes in Rajasthan. In: National Symposium on Biodiversity

and Management of Nematodes in Cropping Systems for Sustainable Agriculture, 11-

13, Nov, 2002, ARS, Durgapura (Jaipur), Rajasthan, 80p.

Pervez, R. and Ali, S. S. 2009. Infectivity of Spodoptera litura (F.) (Lepidoptera: Noctuidae)

by certain native entomopathogenic nematodes and their penetration in test insect and

in vivo production. Trends in Biosci. 2(2): 70-73.

IIA



Pervez, R., Eapen, J. S., Devasahayam, S. and Jacob, T. K. 2014. Natural occurrence of

entomopathogenic nematodes associated with ginger {Zingiber officinale Rose.)

ecosystem in India. Indian J. Nemalol. 23(1): 71-75.

Pervez, R., Eapen, J. S., Devasahayam, S. and Jacob, T. K. 2016. Eco-fnendly management
of cardamom root grub {Basilepta Julvicorne Jacoby) through entomopathogenic
nematodes. Annals Plant Prot. Set. 24(2): 385-391.

Phan, K. L., Subbotin, S. A., Nguyen, N. C., and Moens, M. 2003. Heterorhabdistis baujardi
sp. n. (Rhabditida: Heterorhabditidae) from Vietnam with morphometric data for

H. indica populations. Nematol. 5: 367-382.

Poinar, G. O. 1975. Description and biology of a new insect parasitic rhabditoid,

Heterorhabditis bacteriophora (Rhabditida; Heterorhabditidae.). Nematologica.
21(4): 463-470.

Power, K.T., An, R. and Grewal, P.S. 2009. Effectiveness of Heterohahditis bacteriophora
strain GPS 11 applications targeted against different instars of the Japanese beetle

Popilliajaponica. Biol. Control 48(3): 232-236.

Prabhuraj, A., Girish, K. S., Shivaleela and Patil, B. V. 2006. Integration of Heterorhabditis

indica with other biorationals for managing chickpea pod borer, Helicoverpa
armigera (Hub.). J. Biol. Control. 22(2): 433-448.

Prabhuraj, A., Viraktamath, C. A. and Kumar, A. R. V. 2002. Pathogenicity of two

entomopathogenic nematodes against Holotrichia serrata (Fabricius) (Coleoptera:

Scarabaeidae) and Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae). In:

Tandon, P. L., Ballal C. L., Jalali. S. K., and Rabindra, R. J. (eds), Biological Control

of Lepidopteran Pests, pp: 205-209.

Prasad, C. S., Hussain, M. A., Pal, R. and Prasad, M. 2012, Virulence of nematode

Heterorhabditis indica (Meerut strain) against lepidopteran and coleopteran pests.

Vegetos. 25(1): 343-351.

Prasad, G. S., Ranganath, H. R. and Singh, P. K. 2001. Occurrence of the entomopathogenic

nematode in parts of south Andamans. Curr. Sci. 80(4): 501-502.

ns



Qiu, L., Fang, Y., Zhou, Y., Pang, Y. and Nguyen, K. B. 2004. Steinernenia giiangdongense

sp. n. (Nematoda: Steinemematidae), a new entomopathogenic nematode from

southern China with a note on S. serratum. Zootaxa. 704:1-20.

Rajendraprasad, H. R., Sreeramappa, K. E. and Dinesha, M. V. 2016. Trends and growth rate
of pesticide use in Indian agriculture- An economic analysis. Int. J. Appl. Re.s. 2 (8):

643-647.

Rajkumar, M., Parihar, A. and Siddiqui, A. U. 2002. Effect of entomopathogenic nematodes,

Heterorhabditi.s sp. against Spodoptera litura. Ann. Plant Prot. Set. 11(2): 369-410.

Rao, Y. R., Prakash, V. J., Rao, P. S., Verma, A. and Israel, P. 1971. Tests with an insect

parasitic nematode DD-136 against the rice stem borer, Tryporyza incertulas. Indian

J. Entomol. 33: 215-217.

Raveendranath, S., Krishnayya, P. V., Rao, P., Murthy, K. V. M. and Hussaini, S. S. 2007.

Bioefficacy of entomopathogenic nematodes, Steinernema carpocap.sae and
Heterorhabditis indica against third instar larvae of Spodoptera litura. Indian J.

Nematol. 37(2): 145-148.

Razia, M. and Sivaramakrishnan, S. 2014. Isolation and identification of entomopathogenic

nematodes of Kodaikanal Hills of South India. Int. J. Ctirr. Microbiol. Appl. Sci.

3(10): 693-695.

Razia, M. and Sivaramakrishnan, S. 2016. Evaluation of Entomopathogenic nematodes

against Termites. J. Entomol. Zool. Stud. ¥(4): 324-327.

Reid, A. P. and Hominick, W. M. 1992. Restriction fragment length polymorphisms within

the ribosomal DNA repeat unit of British entomopathogenic nematodes (Rhabditida:

Steinemematidae). Para^/to/. 105(2): 317-323.

Remya, K. R. 2007. Potential of entomopathogenic nematodes for the management of weevil

pests of banana. M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur, 87 p.

Rinker, D. L., Olthof, T. H., Dano, J. and Aim, G. 1995. Effects of entomopathogenic

nematodes on control of a mushroom infesting sciarid fly and on mushroom

production. Biocontrol Sci. Technol. 5(1): 109-119.



Roosien, J., Van Zandvoort, P. M., Folkertsma, R. T., Rouppe Van Der Voort, J. N. A.M.,

Goverse, A., Gommers, F. J. and Bakker, J. 1993. Single juveniles of the potato cyst
nematodes Globodera rostochiemis and G. palUda differentiated by randomly

amplified polymorphic DNA. Parasitol. 107(5): 567-572.

Sandner, H. H. and Pezowicz, E., 1983. Attempts at using nematodes for the control of

vegetable and orchard insect pests. Ochrona RosUn. 27(11): 30-31.

Sankaranarayanan, C., Somasekhar, N. and Singaravelu, B, 2006. Biocontrol potential of
entomopathogenic nematodes Heterorhahditi.s and Steinernema against pupae and

adults of white grub, Holotrichia serraia F. Sugar Tech. 8(4): 268-271.

Saravanapriya, B. and Subramanian, S. 2007. Pathogenicity of EPN to certain foliar insect

pests. Jnn. Plant Prot. Sci. 15(1): 219-222.

Scheepmaker, J. W. A., Geels, F. P., Rutjens, A. J., Smits, P. H. and VanGriensven, L. J. L.

D. 1998. Comparison of the efficacy of entomopathogenic nematodes for the

biological control of the mushroom pests Lycoriella auripila (Sciaridae) and

Megaselia halterata (Phor'idae). Biocontrol Sci. Technol. 8(1): 277-287.

Seinhorst, J. W. 1959. A rapid method for the transfer of nematodes from fixative to

anhydrous glycerin. Nematologica. 4(1): 67-69.

Shapiro-Ilan, D. I. and Cottrell, T. E. 2005. Susceptibility of lady beetles (Coleoptera:
Coccinellidae) to entomopathogenic nematodes. J. Invertebrate Pathol. 89(2): 150-

156.

Shapiro-llan, D. I., Gouge, D. H., Piggott, S. J. and Patterson, J. 2005. Application
technology and environmental considerations for use of entomopathogenic nematodes

in biological control. Biocontrol. 38: 124-133.

Sharma, A., Thakur, D. R. and Chandla, V. K., 2009. Use of Steinernema and

Heterorhabditis nematodes for control of white grubs, Brahmina coriacea Hope
(Coleoptera; Scarabaeidae) in potato crop. Potato J. 36: 3-4.

Sheela, M. S., Mohandas, C.. Nisha, M. S. and Manu, C. R. 2002. Potential of Rhabditis sp.
for the management of pests of bitter gourd, Momordica charantia L. In:



Ll.

Ingnacimuthu, S. J. and Jayaraj, S. (Eds.), Green Pesticide for Insect pest

management. Narosa Publications, India, pp: 203-205.

Sheela, M. S., Mohandas, C., Nalinakumari , T. and Susmin S. C. 2006. Potential of

entomopathogenic nematodes in rice BIMP stratergy. Second Int. rice congress, 9-13

Oct. 2006. Indian Agricultural Research Institute, New Delhi. Abstract: 415-416.

Shinde, S. and Singh, N. P., 2000. Susceptibility of diamond back moth, Plutella xylostella

(L) to entomopathogenic nematodes. Indian J. Exp. Biol. 38: 956-959.

Singh, S. K. 2009. Morphological and molecular chararcterization of root-knot nematode

{Meloidogyne spp.) diversity in Fiji, Ph.D. thesis. The University of the South Pacific,

pp. 98.

Sitaramaiah, S, Gunneswara, R. S., Hussaini, S. S., Venkateswarlu, P. and Nageswara Rao,

S. 2003. Use of entomopathogenic nematode, Steinernema carpocap.sae against

Spodoptera. In: Biocontrol of lepidopterotis pests, Tandon, P. L., Balal, C. R., Jalali,

S. K., and Rabindra, R. J. (eds.). pp: 211-213.

Somvanshi, V. S., Ganguly, S. and Paul, A. V. N. 2006. Field efficacy of the

entomopathogenic nematode Steinernema thermophiltim Ganguly and Singh

(Rhabditida: Steinemematidae) against diamondback moth {Plutella xylostella L.)

infesting cabbage. Biol. Control. 37: 9-15.

Sosamma V. K. 2003. Current status of research on entomopathogenic nematodes in India.

Utilization of entomopathogenic nematodes in plantation crops (eds. Hussaini, S. S.,

Rabindrs, R. J. and Nagesh , M.) Project Directorate of Biological Control, Banglore

pp: 109-120.

Sosamma, V. K. and Rasmi, B. 2002. Survey of entomophilic nematodes in Kerala. Indian J.

Nematol. 32(2): 184-185.

Southey, J.F. 1970. Principles of sampling for nematodes. Ministry of Agriculture, Fisheries

and Food, pp: 1-4.

M2



1°^

Spiridonov, S. E., Waiyenberge, L. and Moens, M. 2011. Steinernema schliemamis

(Steinemematidae; Rhabditida)- a new species of steinemematids of the

'monticolum' group from Europe. Russian J. Nematol. 18 (2): 175-190.

Steiner, G. 1929. Neoaplectana glaseri (Oxyuridae), a new nemic parasite of the Japanese

beetle (Popillia japonica Newm.). J. Wash. Acad. ofSci. 19(19): 436-440.

Stock S. P., Strong, D. and Gardner, S. L. 1996. Identification of Heterorhabditis

(Nematoda: Heterorhabditae) from California with a new species isolated from larvae

of the ghost moth Hepialius caUfornicus (Lepidoptera: Hepialidae) from the Bodega

Bay Natural Reserve. Fundamental Appl Nematol. 19: 585-592.

Stock, S. P. 2002. New trends in entomopathogenic nematode systematics: impact of

molecular biology and phylogenetic reconstruction. In: Proceedings of the

International Conference on Parasitology, August, Vancouver, Canada, p.l.

Stock, S. P. and Gress, J. C. 2006. Diversity and phylogenetic relationships of

entomopathogenic nematodes (Steinemematidae and Heterorhabditidae) from the Sky

Islands of southern Arizona../, Invertebrate Pathol. 92(2): 66-72.

Stuart, R. J., Polavarapu, S., Lewis, E. E. and Gaugler, R., 1997. Differential susceptibility of

Dysmicoccus vaccinii (Homoptera: Pseudococcidae) to entomopathogenic nematodes

(Rhabditida: Heterorhabditidae and Steinemematidae). J. Econ. Entomol. 90: 925-

932.

Subbanna, A. R. N. S., Krishnayya, P. V., Rao, P. A., Sudheer, M. J. and Rao, V. S. 2008.

Occurrence of entomopathogenic nematodes in different soils of Guntur district of

Andhra Pradesh. Indian J. Nematol. 38(2): 218-222.

Sudhaus, W. and Hooper, D. J. 1994. Rhabditis (Oscheius) guentheri sp. n., an unusual

species with reduced posterior ovary, with observations on the Dolichura and

Insectivora groups (Nematoda: Rhabditidae). Nematologica. 40: 508-533.

Sudhaus, W. 2011. Phylogenetic systematization and catalogue of paraphyletic

"Rhabditidae" (Secementia, Nematoda). J. Vewo. Morphol. Systematics. \A\ Wi-

178.



Susurluk, A. and Toprak, U. 2005. Molecular identification of three entomopathogenic

nematodes from turkey by PCR- RPLP of the ITS regions. Phytoparastitica. 34(1):

17-20.

Suyanto, A. and Hansen, G. K. 1999. Effectiveness of indigenous Heterorhabditis sp. against

lepidopterous crucifer pest complex in Indonesia. Thai J. Agric. Sci.5:26-29.

Tabassum, K.A., Shahina, F. and Abid, B. 2005. Occurrence of entomopathogenic

nematodes in Pakistan. Pakist. J Nematol. 23(1): 99-102.

Tolera, G., Hailu, T., Dawd, M., Negeri, M. and Selvaraj, T. 2016. Evaluation of

entomopathogenic nematodes against diamond back moth, Phitella xylostella (L.)

(Lepidoptera: Plutellidae) on cabbage under laboratory and glasshouse conditions.

Int. J. Agricultural Technol. 12(5): 879-891.

Trdan, S., Matej, V. and Valic, N. 2006. Activity of four entomopathogenic nematode

species against young adults of Sitophilus granarius (Coleoptera: Curculionidae) and

Oryzaephilus surinamensis (Coleoptera: Silvanidae) under laboratory conditions. J.

Plant Dis. Prot. 113(4): 168-173.

Umamaheswari, R., Sivakumar. M. and Subramanian, S. 2004. Host range of native

entomopathogenic nematodes from Tamil Nadu. In.sect Environ. 10: 151-152.

Umarao, S., Vyas, R. S. and Ganguly, A. K. 2002. Molecular characterization of

Steinernema thermophilum Ganguly and Singh (Nematoda: Steinernematidae). Int. J.

Nematol. 12: 215-219.

Varadarasan, S., Hafitha, N. M., Sithara, L., Balamurugan, R., Chandrasekar, S. S., All, A.

and Thomas, J. 2011. Entomopathogenic nematodes-science. technology and field

outreach for biological control of cardamom root grub. J. Plant. Crops. 2: 17-19.

Vasanthi, P., Raviprasad, T. N., Nagesh, M. and Nikhita, K. 2014. Distribution of

entomopathogenic nematodes and fungi in cashew ecosystem. J. Biopesticides. pp: 7-

10.

Vashisth, S., Chandel, Y. S. and Chandel, R. S. 2015. Distributuion and occurrence of

entomopathogenic nematodes in Himachal Pradesh. J. Entomol. Res. 39(l):71-76.

12.0



Vrain, T. C., Wakarchuk, D. A., Levesque, A. C. and Hamilton, R. I., 1992. Intraspecific

rDNA restriction fragment length polymorphism in the Xiphinema americanum

group. Fundamental Appl. Nematol. 15(6): 563-573.

Wagutu, G. K., 2017. Efficacy of entomopathogenic nematode {Steinernema karif) in control

of termites {Coptotermes formosanu.s). J. Agric., Sci Technol. /5(1): 56-59.

Wang, C., Powell, J. E. and Nguyen, K., 2002. Laboratory evaluations of four

entomopathogenic nematodes for control of subterranean termites (Isoptera:

Rhinotermitidae). Environ. Entomol. 31: 381-387.

White, G. P. 1927. A method for obtaining infective nematode larvae from cultures. Sci.

66(1): 1709.

Williams, J. G., Kubelik, A. R., Livak, K. J., Rafalski, J. A. and Tingey, S.V., 1990. DNA

polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucl.

acids res. 18(22): 6531 -6535.

Woodring, J. L. and Kaya, H. K. 1988. Steinernematid and Heterorhabditid Nematodes: a

Handbook of Biology and Techniques. Southern Cooperative Series Bulletin, USA. 3:

14-17.

Yadav, S., Patil, J. and Sharma, H. K. 2017. Bioefficacy of Steinernema carpocapse against

Spodoptera litura under laboratory condition. Int. J. Pure Appl. Sci. 5(2): 165-172.

Yan, X., Waweru, B., Qiu, X., Hategekimana, A., Kajuga, J., Li, H., Edgington, S.,

Umuliusa, C., Han, R. and Toepfer, S., 2016. New entomopathogenic nematodes

from semi-natural and small-holder farming habitats of Rwanda. Biocontrol

Sci.Technol. 26 (6): 820-834.

Zadji, L., Baimey, H., Afouda, L., Moens, M. and Decraemer, W. 2014. Characterization of

biocontrol traits of heterorhabditid entomopathogenic nematode isolates from South

Benin targeting the termite pest Macrotermes bellicosus. Bio Control, 59(3): 333-

344.

\

121



PATHOGENTCITY OF INDIGENOUS

ENTOMOPATHOGENIC NEMATODES AGAINST SELECT

INSECT pt:sts

by

SOORAJ S

(2017-11-092)

Abstract of the thesis

Submitted in partial fulfilment of the

requirements for the degree of

MASTER QE^CfENCEitN AGRICULTURE

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF NEMATOLOGY

COLLEGE OF AGRICULTURE

VELLAYANLTmRirVANANTHAPURAM-695522

KERALA, INDIA

2019



ABSTRACT

An investigation entitled "Pathogenicity of indigenous entomopathogenic

nematodes against select insect pests" was carried out at the Department of

Nematology, College of Agriculture, Vellayani during 2017-19. The main objectives

were to identify indigenous entomopathogenic nematodes and evaluate their

pathogenicity to termites, lepidopteran and coleopteran pests.

Survey was conducted in Thiruvanathapuram, Kollam, Pathanamthitta and

Alappuzha districts during 2017-18 and a total of forty soil samples were collected

from the rhizosphere of vegetables, banana and coconut by random sampling.

Entomopathogenic nematodes (EPN) were isolated from soil using Corcyra

cephalonica larvae by insect trap method. EPN from insect cadavers were extracted

by white trap method. From forty soil samples collected, three species of EPN were

isolated and their morphological characters were studied.

The infectivity of native EPN strains were assessed at an inoculum level of

300 IJs/insect against test insects viz. termites, aphids, tobacco caterpillar and

pseudostem weevil under in vitro condition. Among the isolates, isolate obtained

from Mylom area in Kottarakkara (Isolate 2) showed maximum emergence of

Infective Juveniles (Us) from termites (2.0x10^ Us/adult), aphids (1.2x10^ IJs/adult),

tobacco caterpillar (3.5x10^ IJs/larvae) and pseudostem weevil (3.5x10^ IJs/grub).

Isolate 2 also showed mortality percentage of 87.99, 86.00, 29.99 and 9.99 against

termite, aphids, tobacco caterpillar and pseudostem weevil respectively at 24 hours

after treatment. Isolate obtained from College of Agriculture, Vellayani (Isolate I)

and Isolate obtained from Kainidi area in Alappuzha (Isolate 3) showed mortality of

86.00 and 76.00 per cent in termites and 81.74 and 71.99 per cent in aphids

respectively. Infection of Isolate 2 resulted in brown, pink and reddish brown

discolouration in cadavers of termites, tobacco caterpillar and pseudostem weevil

respectively.
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Based on results of preliminary screening, Isolate 1, 2 and 3 were tested for

their pathogenicity against test insects under in vitro condition. The experimental

design used was CRD with treatments viz., 10, 50, 100, 200 Us, sterile water and

chemical check and were replicated four times. Isolate 1 and 2 @ 100 Us caused cent

per cent mortality of termites at 48 hours after treatment (HAT) and it was

statistically on par with chlorpyriphos 25 EC. Isolate 3 @ 200 Us showed cent

percent mortality of termites at 60 HAT. Isolate 2 @ 200Us recorded 99.26 per cent

mortality of aphids at 36 HAT and it was statistically on par with chemical,

dimethoate 30 EC. Isolate 2 @ 100 Us recorded cent percent mortality of aphids at 48

HAT. In the case of tobacco caterpillar. Isolate 2 @ 200 Us recorded 65.08 and 80.52

per cent mortality at 48 and 60 HAT respectively. Isolate 2 @ 100 Us recorded 92.53

per cent mortality of tobacco caterpillar at 72 HAT and it was statistically on par with

chemical, flubendiamide 39.35 EC. Isolate 2 @ 200 Us showed 62.66 per cent

mortality of pseudostem weevil grubs at 72 HAT. Among the three isolates. Isolate 2

is proved to be the most potent EPN strain with highest mortality in termites, aphids,

tobacco caterpillar and pseudostem weevil.

Based on the morphological characters. Isolate 1 was identified as

Steinernema sp., Isolates 2 as Metarhabditis sp. and Isolate 3 as Rhabditis sp. The Us

of Steinernema sp. were specific in retaining the second stage cuticle. The adults

were characterized by short stoma, excretory pore anterior to the nerve ring and a

muscular oesophagous (female-I54.00±5.57|im, male-144.40±4.14pm) without a

well-defined butterfly valve in the basal bulb. The males had a C shaped body having

pointed and curved spicules (44.10±4.46pm) with a boat shaped gubemaculum

(23.70±2.98pm). The females had a sub median protruding vulva. The Us of

Rhabditis sp. had a narrow body without second stage cuticle. The adults of Rhabditis

sp. had six unfused labium at the anterior region, long tubular stoma, excretory pore

anterior to the basal bulb and a muscular oesophagous with a well-defined butterfly

valve. Metarhabditis sp. (Isolate 2) had lobed oesophageal glands different from
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Rhabditis sp. (Isolate 3). The males of Metarhabditis sp. (Isolate 2) had a round

manubrium in spicules (39.63±3.59pm) unlike males of Rhabditis sp. (Isolate 3)

(33.83±4.36pm). Metarhabditis sp. (Isolate 2) was characterized by presence of

peloderan bursa with eight papillae whereas Rhabditis sp. (Isolate 3) had leptoderan

bursa with nine papillae. The male tail in Metarhabditis sp. (Isolate 2)

(28.60±5.10pm) was straight and pointed whereas Rhabditis sp. (Isolate 3) had a

ventrally curved tail (29.71±4.86pm). Vulva was characterized by slightly protruding

vulval lips in females of Rhabditis sp.

Based on the pathogenicity studies, Isolate 2 {Metarhabditis sp.) was

identified as the most potent strain causing highest mortality in test insects. Hence

molecular characterization of Isolate 2 was done and result revealed it as

Metarhabditis rainai. This was the first report of M rainai in India.

From the above study it could be concluded that M rainai can be exploited as

a successful biocontrol agent pertaining to its pathogenicity against termites,

lepidopteran and coleopteran pests and effort needs to be directed towards

formulating the strain to improve its efficiency and shelf life.
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