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ABSTRACT

The entomopathogenic fungus, Nomuraea rileyi (Farlow) Samson was isolated from the cadavers
of Spodoptera litura (F.) collected from groundnut field of University of Agricultural Sciences,
Dharwad. rDNA-ITS sequence of N. rileyi isolate IOF1 showed considerable homology with those
of other isolates. Pathogenicity of N. rileyi isolate IOF1 against S litura was studied by topical
application of spores at a concentration of 10° conidia per litre to first to fifth instars. Early instars
were highly susceptible with a mortality of 70.17 percent, which decreased significantly as the age
of the larvae advanced. Lethal time for 1% to 5" instars of S. litura was 130.71, 137.77, 148.04,
235.65 and 263.10 hrs, respectively. In vitro compatibility of N. rileyi with fungicides, insecticides
and botanicals at their recommended dosages was studied. Among the fungicides, carbendazim and
mancozeb resulted in complete growth inhibition (100%), whereas tridemefon and cyperconazole
inhibited the growth by 49.65% and 55.25%, respectively. Growth inhibition with insecticides
endosulfan and dichlorvos was high (52.77% and 50.68%, respectively). However, Methomyl and
A-Cyhalothrin resulted in low (11.81%) growth inhibition. Among the botanical extracts, both
Annona squamosa and Polyalthia longifolia showed higher growth inhibition (55.76%) when
compared to those of Vinca rosea (2.40%) and Adhatoda vasica (4.85%). Hence, the new isolate

IOF1 of N. rileyi is an effective entomopathogenic fungus that can be used against S. litura.
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INTRODUCTION

Tobacco caterpillar, Spodoptera litura (F.), is one of
the most destructive pests of various crops and is
more or less of universal occurrence except in
regions where extremes of climate prevail. It has
been reported to feed on 112 cultivated food plants
al over the world (Mousa et al., 1980) of which 40
are grown in India (Basu, 1981; Muthukrishnan et
al., 2005) including tobacco, tomato, cotton, chilly,
okra, cauliflower, castor, groundnut, soybean, maize
and black gram. Control of S litura using
insecticides has become difficult because of the
development of resistance. Biological control of
insect pestsis one of the most important components
of Integrated Pest Management (IPM), wherein
entomopathogens such as bacteria, viruses and fungi
are exploited against insect pests. These biological
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agents including entomopathogenic fungi can
provide an aternative and more environmentally
friendly approach for the control of pests. Fungal
diseases are known to cause insect mortality
naturally (Gupta, 2003; Roberts and Humber, 1981,
Vimaladevi and Prasad, 2001). Entomopathogenic
fungi are potential agents for pest control due to their
specificity, mode of action and ease of application.
This has promoted the evaluation of the
entomopathogenic fungi as biocontrol agents in
many countries.

Unlike bacteria or viruses, fungi infect insects by
breaching the host cuticle. The insecticidal activity
Nomuraea rileyi (Farlow) Samson to lepidopteran
pests was reviewed by Ignoffo during 1981 and he
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concluded that the fungus was a candidate for further
development as a microbial insecticide. A recent
study on the pathogenesis of N. rileyi against S
litura showed that the infection process starts with
adhesion of conidia on the insect cuticle
(Srisukchayakul et al., 2005). The germ tube
penetrates through the cuticle, causes lysis of
endocutilce followed by development of hyphal
bodies in the hemocoel which convert to invasive
mycelia and causes death of the host. At the end of
the infection cycle, mycelia emerge from the cuticle
and produces conidiophores (Srisukchayakul et al.,
2005). Also N. rileyi secretes a proteinaceous
substance inhibiting larval moult and metamorphosis
(Kiuchi, 2003). Entomopathogenic fungi aso
possess added advantage over other microbial
control agents as they are capable of attacking all
developmental stages of insects including pupal
stages (Anand et al., 2009; Ferron, 1978). Most
importantly, these entomopathogenic fungi are the
principa pathogens on sucking pests since these
hosts cannot ingest other pathogens like bacteria or
viruses that infect through gut wall. Apart from this
virtually all insect orders are susceptible to fungal
diseases. However, of the 700 species of
entomopathogenic fungi currently known only ten
species have been are presently being developed for
biocontrol (Roberts and Hajek, 1992).

The full potential of entomopathogenic fungi has not
been approached. However, previous studies indicate
MATERIAL AND METHODS

I solation and Identification of N. rileyi | solate

N. rileyi was isolated from S litura cadavers

collected from Groundnut field at Main Agriculture

Research ~ Station (MARS), University  of

Agricultural Sciences, Dharwad. The dead larvae

collected from the fields were surface sterilized by

immersing in 0.5 % HQCl, for 2 min followed by

rinsing in three changes of sterile water. The surface

sterilized diseased specimens were cut in a sterile

watch glass and a small portion of the infected

tissue was transferred to a sterile culture plate

containing Saborauds Maltose Agar Media (SMAY)

method followed by Bell (1975). The plates were

incubated at room temperature 26 + 1°C for a week

and the colonies that came up were further purified

by repeated subculture on SMAY media. The

isolates that came up on the SMAY medium were
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that the insect mycopathogen N. rileyi a dimorphic
hypomycete causes fungal epizootics in population
of several noctuid pests (Ignoffo et al., 1989; Tang
and Hou, 1998; Vargas et al., 2003). Moreover,
previous bioassays have shown that N. rileyi isolates
from different geographica locations and different
hosts vary in their virulence and specificity (Boucias
et al., 1982; Ignoffo and Boucias, 1992; Tigano,
1995; Vimaadevi et al., 2003). However, the
virulence of entomopathogenic fungi is affected by
environmental factors such as temperature, humidity,
light and solar radiation. The optimum temperature
for conidia to germinate and penetrate into noctuid
insect body for N. rileyi is 20 to 30°C (Gardner,
1985; Tang and Hou, 2001). Also the optimum
humidity for conidial germination, infection and
sporulation is 95 to 100 per cent (Tang and Hou,
2001). Therefore it is important to identify potential
entomopathogenic fungal isolates which further can
be exploited as myco-insecticide for specific
geographic locations. In this investigation our main
objective was to study the insecticidal activity of N.
rileyi isolate against S. litura. Thus, it can be
exploited as myco-insecticide for the control of S
litura which is a mgor pest in groundnut in the
specific geographic locations which lies in the
transition belt where conditions are favourable for
the entomopathogenic fungi to cause spectacular
epizootics during kharif season.

identified as N. rileyi by microscopic examination
according to the outlines given by Samson et al.
(1988) and maintained as pure culture. The
microscopic  examination revealed that the
vegetative hyphae of N. rileyi appeared smooth
septate, hyaline and conidiophores were erect and
septate. Branches formed near a septum were
developed in whorls each giving rise to 2 to 4
phialides. Conidiawere single smooth ellipsoidal.

Preparation of Fungal Cultureof N. rileyi Isolates

SMAY media was used for the multiplication of
the fungus as well as spores. The cultured plates
were incubated at 28°C for 7 to 10 days. Spores
obtained on the SMAY media were screened for
their insecticidal activity against third instar larvae
of S litura.
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The fungal spores from SMAY plates were mixed
with distilled water and 0.02% Tween-80 to
produce the spore suspension. The number of
conidia was determined with a Neubauer
haemocytometer. Finaly, through seria dilution
method spore suspensions containing 1 x 10°
conidia/ ml were obtained. The S litura culture
that was used for the bioassays was raised from
field collected larvae and maintained under
laboratory conditions in the Institute of Organic
Farming a University of Agricultural Sciences,
Dharwad.

Bioassays of N. riley

Insecticidal activity of N. rileyi isolatesto S litura
was studied through larval bioassays. Spore
suspension of 1.2 x 10° conidia/ml of N. rileyi was
topically applied against al five instars. They were
fed with fresh castor leaves. Five replicates of 20
larvae were tested. Controls consisted of larvae
applied with 500 pl of distilled water and 0.02%
Tween-80 solution. The number of dead larvae was
recorded on the fifth to eight day of spore
inoculation and finally the percent mortality for
each of the isolates was computed. The data were
subjected to statistical analysis of variance using
SAS Online Doc 9.1.3. (SAS Ingtitute Inc., Cary,
NC) and mean separation was carried out using
DMRT (Duncan’s Multiple Range Tests) to find
significant difference among the isolates. Median
lethal time (LTso) was estimated using Proc Life
Reg procedure and data were fitted to a Weibull
distribution (SAS OnlineDoc 9.1.3). The
differences in pathogenicity and LTsp for N. rileyi
against S. litura were compared using the Fisher’s
least significant difference test (o < 0.05) (Table
1).

Compatibility of N. rileyi with synthetic and
botanical pesticides

In vitro studies were conducted by using poison
food technique. Potato Dextrose Agar (PDA)
medium was used with requisite quantity of
fungicides, insecticides and botanicals to get
desired concentration. Culture of N. rileyi grown
on SMAY media for seven days at the optimum
temperature for growth inhibition studies. Small
disc (0.8 cm) of the fungus culture was cut with
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sterile cork borer and transferred asepticaly in the
centre of petridish containing poison medium with
different chemicals with suitable check. Each
treatment was replicated five times. Colony
diameter of the fungus was measured at three, five
and seven days of inoculation and compared with
check to establish the toxicity (Nene and
Thapliyal, 1997).

Genotyping of N. rileyi isolate:

DNA Amplification and Sequencing

Genomic DNA was purified from mycelium using the
cetyltrimethylammonium bromide (CTAB) extraction
method of Rogers and Bendich (1988). A single pair
of primers was used to PCR amplify the internal
transcribed spacer (ITS) regions ITS; and ITS; along
with the central 5.8S rDNA. The primers used were
the universal eukaryotic ITS primers ITS1 (5-TCC
GTA GGT GAA CCT GCG G-3") and ITHA (5-TCC
TCC GCT TAT TGA TAT GC-3) (White et al.,
1990). The PCR products were checked using agarose
gel electrophoresis and as expected produced a
product of about 600 bp. Bands were excised and then
purified using QIAGEN Gel Extraction kit according
to the manufacturer’s instructions (Qiagen, Hilden,
Germany) prior to sequencing or were sequenced
directly using consensus primers. ITS purified
fragment was sequenced in both directions with the
primers ITS; and ITS4 by commercial sequencing
center, Bangalore Genel (India) Pvt. Ltd., Bangalore
using ABI 3130 XL sequencer. Sequence assembly
was done by using Vector NTI Advance 10 software.
Selected sequences available from Gen Bank were
aso included in the analysis. Amplified ITS
sequences were compared with the Gen Bank
Nucleotide Database (http://www.ncbi.nlm.nih.gov)
using the algorithm BlastN (Altschul et al., 1997). A
consensus tree was constructed after 1,000 bootstraps
resampling steps by UPGMA method with p-distance
using the software Mega 5 (Tamuraet al., 2011).

RESULTS
Pathogenicity levelsof N. rileyi against S. litura

N. rileyi was found to be pathogenic against S. litura.
The mortality of S litura topically applied with the
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spore suspension is and median lethal time (LTso
in days) values of N. rileyi isolates against first to
fifth instars of S litura are shown in table 1.
Bioassays of N. rileyi isolate of S litura origin
against S litura showed that as the larval stage
advanced the mortality aso  decreased
significantly. Results showed that early instars are

109
highly susceptible with a mortality of 96.25 per
cent. Lowest mortality of 20 per cent was
recorded in 5" instar. The median letha time
(LTso) values for 1% to 5" instars were 130.71,
137.77, 148.04, 235.55 and 263.10 h, respectively.

Table 1. Pathogenicity of Nomuraea rileyi (10° Conidiall) to Spodoptera litura mortality (%)

Different hours after application
Instar
120 144 168 192 M ean LTs

First 41.80a | 67.24a | 77.56a | 96.25a | 70.71a 130.71
Second | 33.68b | 61.50b | 75.26a | 87.50b | 64.48b 137.77
Third | 28.50c | 59.48b | 64.63b | 71.25¢c | 55.96c 148.04
Fourth | 11.20d | 17.58c | 25.32c | 37.50d | 22.90d 235.55
Fifth 3.35e 7.90d 11.25d | 20.00e | 10.62e 263.10

In a column, means followed by the same alphabet do not differ significantly (P=0.05) by DMRT

Compatibility of N. rileyi with synthetic and
botanical pesticides

The compatibility studies indicated that fungicides
were more toxic (Table, 2) to the
entomopathogenic fungus followed by insecticides
(Table 3). While botanical pesticides were least
antagonistic (Table 4). All the seven fungicides
inhibited the growth of the fungus significantly on
all the days of observation as compared to control.
Among them, carbendazim and mancozeb were
found highly detrimental to the fungus at both the
concentrations tested (Table, 2). They did not alow
any growth of fungus whereas others inhibited the
growth from 55.25 to 76.92 per cent. Tridemefon
and cyperconazole were comparatively safe to the
fungus with less inhibition at the recommended as
well as reduced dosages. These were followed by
hexaconazole, propiconazole and chlorothalonil.
Similarly, among the seven insecticides evaluated
for their inhibitory effect on growth of N. rileyi,
endosulfan and dichlorvos were found to be highly
detrimental compared to others. The former
insecticide at both the recommended and reduced
dosages and later at the recommended dosage
inhibited the fungal growth to the tune of 50.58 to
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52.77 per cent. Inhibition by other insecticides
ranged from 1598 to 3542 per cent a
recommended concentration. Out of thirteen plant
products evaluated, A. sqguamosa seed extract (5%),
P. longifolia (5%) and P. hysterophorus (10%)
inhibited growth to the extent of 50 to 55 per cent
after seven days of inoculation. Inhibitory effect of
other botanicals varied between 2.4 to 17.58 per
cent. The least inhibitory effect (2.4%) was noticed
in V. rosea followed by S indica (5%), NSKE
(5%), V. negundo (5%), neem oil (1%), A.
Mexicana (5%), pongamia oil (1%), C. inerme
(5%) and A. calamus (5%).

Genotyping of N. rileyi isolate

ITS sequence variation was not found between 4
isolates of N. rileyi Mal (JQ991621.1), MAFF
83007(AB268359.1), CBS 806.71(AY624205.1)
and I0OF1. The ITS sequences of various isolates
of N. rileyi are clustered together with N. rileyi
IOF1 isolate. N. rileyi IOF1 showed 99 per cent
similarity with CG129 (EU553337.1), 98 per cent
similarity  with ASRA3 (JQ686668.1).
Phylogenetic tree constructed using I TS sequences
clearly distinguished these isolates from N. rileyi
IOF1 isolate.
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Phylogenetic results revealed that there are two
major clusters, cluster A comprising N. rileyi
isolates Mal (JQ991621.1), MAFF
83007(AB268359.1), CBS 806.71(AY 624205.1) ,
CG 129(EU553337.1) and IOF1, whereas cluster
B comprises ASRA3 (JQ686668.1). Biological
control, particularly by entomopathogenic fungi is
important for reducing the population density of
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pests in IPM programs. Therefore, preservation of
entomopathogens that occur naturaly or
introduced for insect control should be observed
(Oliveira et al., 2003). In addition, we must
understand the compatibility of entomopathogenic
fungi with other crop production techniques such
as the use of insecticides which may inhibit to a
smaller or larger extent the development and
reproduction of pathogen (Malo, 1993; Rogerio et

Table 2. Effect of fungicides on growth and development of N. rileyi

Colony size of N. rileyi (mm)
Treatments % %
3DAI | %inhibition | 5DAI | inhibition | 7 DAl | inhibition

Carbendazim 0.05% 0.00j 100.00 0.00g 100.00 0.00g 100.00
Carbendazim 0.025% 0.00]j 100.00 0.00g 100.00 0.00g 100.00
Mancozeb 0.2% 0.00]j 100.00 0.00g 100.00 0.00g 100.00
Mancozeb 0.1% 0.00j 100.00 0.00g 100.00 0.00g 100.00
Cyperconazole 0.1% 11.67e 53.32 14.00c 57.14 18.67d 60.83
Cyperconazole 0.05% 12.67d 49.32 15.67b 52.03 21.33c 55.25
Propiconazole 0.1% 9.33¢g 62.68 11.00 de 66.33 11.00f 76.92
Propiconazole 0.05% 10.67f 57.32 12.00d 63.26 14.00 e 70.63
Chlorothalonil 0.2% 6.67 i 73.32 8.67f 73.46 12.00f 74.48
Chlorothalonil 0.1% 8.00 h 68.00 10.33e 68.38 14.33 e 69.94
Tridemefon 0.1% 14.33¢c 42.68 14.33 ¢ 56.14 21.33c 55.25
Tridemefon 0.05% 15.33b 38.68 15.67b 52.00 24.00b 49.65
Hexaconazole 0.1 % 10.00fg 60.00 12.00d 63.26 14.00 e 70.63
Hexaconazole 0.05% | 12.00 de 52.00 13.67c 58.15 15.33e 67.84
Untreated Check 25.00a | = ----- 3267a | - 4767a | -

DAl -Days After Inoculation. In a column, means followed by same alphabet do not differ significantly (P=0.05)

by DMRT

al., 2005). Co- application of
entomopathogenic fungi with low doses of
insecticides is gaining importance in
insecticide resistance management in insect
pest of crops as a component of IPM
programme. In this context, this study provides
useful information on the compatibility
between the fungal biological control agents
and plant-based insecticides and plant extracts
which are normally used in pest management.
This study also reveals that the mixture of
either commercial botanicals or plant extracts
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and fungicides can be wused for field
application along with these fungi. Moreover,
tested botanicals and fungi have been used in
pest management and these components can be
integratively used in Bio Intensive Pest
Management (BIPM). Only limited reports are
available on the use of N. rileyi on S litura. In
the present study, N. rileyi was found to be
highly infective to early instars of S litura
than later instars. The present finding is in
conformity with Manjula and Krishna Murthy
(2005) who reported that the highest larval
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mortality of 91.2 per cent was obtained in the

first instar of S litura and 95 per cent in the

second instar of H. armigera with the highest
Vimala Devi and Prasad (1994) conducted
field studies and found that N. rileyi was
effective against S litura as foliar spray and
soil application. Likewise, Sridhar and Prasad
(1996) recorded up to 36.9 per cent infection of
N. rileyi on S litura in groundnut fields in
Andhra Pradesh. N. rileyi was a key natural
mortality factor of S litura populations in
coastal Andhra Pradesh (Sridhar and Prasad,
1996). Vimala Devi et al. (2002) reported
larval mortality when S litura was reared on
castor leaves inoculated with 2 x 10® spores ml/
[. Navi et al. (2006) indicated that N. rileyi
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concentration of 1 x 10 of N. rileyi spores
mi/l.

caused higher mortality of S litura under field
conditions. In India, it is frequently observed in
tomato, cabbage, field bean, banana and pigeon
pea ecosystems as a natural epizootic on H.
armigera, S litura and T. ni (Gopalakrishnan
and Mohan, 1997). The data on mortality
response of different instars of S litura to N.
rileyi indicate that the infection is dependent on
age of the larvae. The larval mortality was
highest in the first instar and least in the
ultimate instar after 8 days of infection. The
LTs aso increased with the age the larvae to
the infection.

Table 3. Effect of insecticides on growth and development of N. rileyi

Colony size of N. rileyi (mm)
Treatment
3 DAI %inhibition 5 DAI % inhibition 7 DAI % inhibition

M onocr otophos 0.05% 18.67 cd 25.32 24.67c 24.48 36.33 e 24.31
Carbendazim 0.025% 21.00 b 16.00 26.33b 19.40 37.67d 21.52
ggz‘o’/'fpyr iphos 16.00 € 36.00 21.67d 33.67 30.00 h 35.42
Chlor opyriphos 0.02% 17.67d 20.32 22.33d 31.65 31.33g 34.73
Endosulfan 0.07% 13.67fg 45.32 16.33 e 50.00 22671 52.77
Eggg;:'fa” 14.33f 42.68 16.67 e 48.97 22,671 52.77
Dichlorvos 0.04% 13.00g 48.00 16.33 e 50.00 23,67 50.58
Dichlorvos 0.02% 18.00d 28.00 21.67d 33.67 35.00 e 27.08
M ethomyl 0.025% 19.33¢ 22.68 24.33¢C 25.52 40.33¢ 15.98
M ethomyl 0.0125% 20.67b 17.32 25.33 e 22.46 42.33b 11.81
- Cyhalothrin 0.01% 13.33f 46.68 24.33¢C 25.52 40.33b 11.81
A Cyhalothrin 0.005% | 12.67g 49.32 2267d 30.60 33.00fg 33.33
Phosphamidon 0.04 % 13.33f 46.68 24.33¢C 25.52 36.33e 24.31
Phosphamidon 0.02% 20.67b 17.32 25.67 bc 21.43 39.33¢ 18.06
Untreated Check 2500a | = --—--- 3267a | - 48.00a | = -----

DAI-Days After Inoculation. In a column, means followed by same alphabet do not differ significantly

(P=0.05) by DMRT

The highest LTz value of 263.10 h was obtained for
the 5™ instar which was reduced nearly half for first
instar larvae.

Studies carried out understand the compatibility
of entomopathogen with fungicides, insecticides
and botanicals, revealed that botanicals were least
inhibiting to the fungus followed by insecticides in
contrast to all test fungicides were highly inhibitory
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to fungus. Present findings are in conformity with
findings of many workers (Ignoffo et al., 1975;
Garcia and Ignoffo, 1979; Gardner et al., 1979;
Ross and Brady, 1985; Silva et al.,, 1993,
Gopalkrishnan and Mohan, 1991; Tang and Hou,
1998 and Kulkarni, 1999). Variation in inhibition
by different pesticides is due to inhibitory
compounds present in the pesticides or toxicity
level of pesticide.
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Table 4. Effect of botanicals on growth and development of N. rileyi.
Colony size of N. rileyi (mm)
Treatment
3 DAI % inhibition 5 DAI % inhibition 7 DAI % inhibition
Annona squamosa 5% 12.00e 50.68 14.00e 57.14 24.33 g 55.76
Parthenium
hysterophorus 10% 19.67 c 19.15 27.67 b 15.30 27.67f 49.69
Parthenium
hysterophorus 5% 20.67 bc 15.04 27.67 b 15.30 27.67f 49.69
Adhatoda vasica 5% 23.67 a 2.70 3167a 3.06 52.33 bc 4.85
Vinca rosea 5% 24.33a 0.00 3267a 0.00 53.67 ab 2.40
;;')ya'th'a longifolia 15.33d 36.99 21.33d 34.71 24339 55.76
Vitex negundo 5% 21.00b 13.68 36.67 bc 18.36 51.33¢c 6.67
Acorus calamus 5% 19.33¢c 20.55 26.33¢c 19.40 4533 e 17.58
g)'/f)’“’de”dron Inerme| - 1967¢ 19.15 27.67 be 15.30 4567 e 16.96
é&f’emone Mexicana | 5 67 ¢ 15.04 28.67b 12.24 51.30 ¢ 6.72
;EZChytar phitaindica | 53, 16.44 27.33 be 16.34 52.33 be 485
Neem oil 1% 21.33b 12.32 30.67a 6.72 51.33¢c 6.67
Pongamia oil 1% 19.67 c 19.15 27.33 bc 16.33 47.33d 13.94
NSK E 5% 27.67a 271 32.00a 2.00 51.67c 6.05
Untreated Check 2433a | = ---- 3267a | @ ----- 55.00a | = -

DAI-Days after Inoculation; In a column, means followed by same alphabet do not differ significantly

(P=0.05) by DMRT

Comparative analysis of ribosomal RNA (rDNA)
gene sequence information can be used to clarify
natural evolutionary relationships over a wide
taxonomic range (Pace et al., 1986). Ribosomal
RNA genes (rDNA) typically exist as a tandem
repeat that includes coding regions which are
conserved to varying degrees as well as highly
divergent spacer regions. These spacer regions or
internal transcribed spacer sequences (ITS), have
been widely used in fungal systematics (Bowman
et al., 1992; Hibbett, 1992; Driver et al., 2000).
We therefore decided to use rDNA-ITS
sequencing to identity N. rileyi
entomopathogenic fungal isolate and to its clarify
the taxonomic relationships. Multiple alignment
of the ITS sequences of various isolates of N.
rileyi along with N. rileyi IOF1 clearly indicated
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the differences in nucleotide sequences of all the
three species which differentiated these species
from each other. In the multiple alignment both
ends of the ITS region showed variation in
nucleotide sequences. These ends are actually
ITS1 and ITS-2 regions. Perfect homology was
observed in nucleotide sequences in central
region which is actually the 5.8S rDNA region.
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