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single female of C, vestalis has the potential to parasitise 100 larvae effectively with 80.0 to 86.0 %
parasitism, during an average female longevity of 12.9 days. The mean adult emergence was 88.56%,
Mass production of the parasitoid would therefore be more effective with a host parasitoid ratio of
1 female parasitoid. Field evaluation of the ratio would determine the dosage for
inundative releases of the parasitoid for effective suppression of Plutella xylostella.
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INTRODUCTION

The diamond back moth (DBM), Plutella xylostella (L) is the
most destructive pest of crucifer crops across the world
(Talekar and Shelton, 1993). Crucifer crops affected include
cabbage, chinese cabbage, chinese kale, cauliflower, broccoli,
mustard,,radish, pak-choy, and several others (Haseeb
et al., 2004; Hemachandra and Singh, 2007, Patra et al., 2013,
Ruth Kahuthia-Gathu, 2013). In India, an yield loss of 52% has
been reported due to the pest (Krishnamoorthy, 2004).
A conservative estimate of total costs associated with
diamondback moth management was 4-5 billion USD (Myron
et al., 2012). Indiscriminate use of insecticides had lead to the
development of resistance and the pest has developed
resistance to almost every class of insecticide (Zhao et al,
2002, Mohan and Gujar, 2003, Sarfraz et al., 2005, Dhumale et
al, 2009, Santos et al., 2011). The ecological hazards due to
insecticidal resistance, had necessitated reliance on biological
control of the pest using natural enemies (Lui et al., 2000; Li
and Lui, 2001). Endoparasitoids are widely used for biological
control of DBM. Among the parasitoids, the solitary endolarval
parasitoid Cotesia vestalis (Haliday) (=Cotesia plutellae
(Kurdjumov) (Hymenoptera: Braconidae), is an important
(Liu et al., 2000., Zu-Hua Shi et.al., 2002; Venkateshwarlu
etal.,2012).
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Varying degree of parasitism of DBM larvae have been
reported, 16-52% (Jayarathnam, 1977), 71.7% (Yadav et.al.,
1975), 30-50% (Walden, 2008), 36.8% (Hemachandra and
Singh, 2007), 34% (Mitchell et al, 1997). 53-56%
(Seenivasagan et al., 2010), 50% (Nofemola, 2013) 78.8%
(Alizadeh et al.,, 2011), 90-95% under pesticide free conditions
(Hasseb et al, 2004) have been documented. Nadia kermani
et al. (2014) reported that parasitism, reduced feeding damage
by killing the later instar larvae which cause severe damage
Selection of appropriate strains of biocontrol agents is
necessary to have high performance on target pest to co-exist
under stressed conditions (Wajnberg and Hassan, 1994., Liu
and Jang, 2003., Nofemola and Kfir, 2005) Parasitoids in
nature are prone to several abiotic stresses, resulting in their
mortality to a greater extent. This necessities augmentative
releases of parasitoids for effective suppression of the pest. The
quantum of parasitoids required for field releases and optimum
dosage depend up on the ratio of host density to parasitoid
population. Optimisation of host-parasitoid ratio facilitates
effective utilisation of the host in mass rearing the parasitoid
for augmentative field releases. In-vitro studies were therefore
contemplated to determine the optimum host to parasitoid ratio
for P.xylostella and C,vestalis necessary for field releases.



10043 Choubey et al. Determination of host parasitoid ratio for diamond back moth Plutella xylostella (linnaeus) and its parasitoid Cotesia vestalis haliday

MATERIALS AND METHODS
Mass rearing C.vestalis

The stock culture of Diamondback moth (DBM ), Plutella
xylostella was maintained on mustard seedlings raised in ice
cream cups (55.2x68.9x45.1mm) containing vermiculite.
Mustard seeds were sprinkled as a layer and allowed to
germinate by maintaining proper moisture. Seedlings thus
raised in cups were placed in acrylic cages (24x24x24") and
DBM moths were released in the cages for oviposition.  After
24-48 hours, the cups were removed and kept in trays for egg
hatch and larval development. Fresh seedlings were again
provided for the moths to oviposit. The mustard seedlings
containing 2" instar larvae of P.xylostella are placed in
oviposition cages (24x24x24”) and were exposed to mated
female adults of the parasitoid for 24-48 hours and kept back
in trays to permit the development of the parasitoid. Cocoons
of the parasitoid were collected and transferred to plastic
containers for adult emergence. The adult parasitoids were fed
with 10% honey solution. The rearing was carried out at
25+1°C and 60-65% relative humidity. The adult parasitoids
were again provided with fresh batch of 2nd instar larvae and
the process was continued till its longevity.

Optimization of host —parasitoid ratio for potential parasitism

The parasitism potential of C. vestalis was studied by exposing
the second instar larvae of DBM reared on mustard seedlings
kept in acrylic (30 x 30 x 30cm size) cages. A pair of freshly
emerged male and female parasitoids was left overnight for
mating. After 24 hrs, the gravid females were offered a precise
number of uniformly grown second -third instar larvae
(maintained on mustard seedlings in a rearing cage) to
parasitize for 24-48 hours. The seedlings with parasitized
larvae were then removed and kept in trays in cages for
development. Observations were recorded on percent
parasitism and adult emergence. There were three replications
for each host —parasitoid ratio. The per cent parasitism was
calculated by using the formula.

Number of parasitized larvae

% parasitism = x 100

Total number of host larvae offered

The data was statically scrutinized by completely randomized
design one factor analysis after arcsine transformation.

RESULTS AND DISCUSSION

The percentage parasitism ranged from 60- 86.60 in the
different host parasitoid ratios. An increase in the host density
from 10- 100 did not contribute to a significant increase in
percent parasitism. The percent parasitism (80.35-86.60)
declined from 100 larvae per female proving it to be the
optimum host density per female parasitoid. Parasitism of 60%
was registered when the host density of 150 larvae per female
were offered (Table 1). Earlier, parasitism of 90.7% was
reported with a host parasitoid ratio of 100:1 (Reena and
Basavannagoud, 2002) and 100-125: 1 (Seenivasagan et al.,
2010). More than 50% parasitism was recorded when the host

density was greater than 20 second instar larvae (Nofemela,
2013). Our observations corroborate with the findings of these
workers. Augmentative releases of parasitoids are required to
supplement the natural population for effective pest
suppression particularly in areas of high pesticide usage.
Timing of release and optimum dosage of parasitoid releases
are crucial in all integrated pest management strategies.
Determination of optimum dosage for field releases requires
standardization of host —parasitoid ratios. Our current studies
had indicated that a single female of C,vestalis has the
potential to parasitise 100 larvae effectively with 80.0 to 86.0
% parasitism during an average female longevity of 12.9 days,
with a mean adult emergence of 88.56%, Mass production of
the parasitoid would therefore be more effective with a host
parasitoid ratio of 100:1.

Table 1. Host —parasitoid ratio (Plutella xylostella:
Cotesia vestalis ) and parasitism

Treatment  Host —parasitoid ratio  Mean parasitism (%)
Tl 10:1 86.00
T2 20;1 85.00
T3 30:1 84.40
T4 40:1 82.50
T5 50:1 80.00
T6 60:1 83.33
T7 70:1 84.28
T8 80:1 85.00
T9 90:1 80.35
T10 100:1 80.00
T11 110:1 76..36
T12 120:1 72.50
T13 130:1 67.69
T14 140:1 63.34
T15 150:1 60.00

S,Em: 2.465 CV% 7.246 CD at 5% 7.15.007 CD at 1% 9.64

Field parasitism may vary over those under laboratory
conditions (Wang and Keller, 2002). In the present studies,
the proximity of the host and its availability under ambient
conditions (25-27°C and 60-65% RH) resulted in greater
foraging ability and parasitism. Under field conditions, where
the predisposing ecological factors, host searching ability of
the parasitoid, range of dispersal and susceptibility to
insecticides govern the parasitism. Earlier, decreased percent
parasitism to host with an increase in distance was reported in
Trichogramma evanescens (Abdurrahman et al., 2008) and
Trichogramma chilonis (Nadeem et al., 2004). Decreased
parasitism of 27% less than caged conditions was observed in
C.vestalis (Seenivasagan et al, 2010). Our studies had
established an optimum host-parasitoid ratio (100:1), for
enhanced mass rearing of the parasitoid that enables
augmentative field releases for successful management of
DBM

CONCLUSION

Optimum host parasitoid ratios are essential for determining
enhanced cost effective mass rearing of the parasitoids under in
vitro conditions. Determination of optimum dosage for field
releases requires standardization of host —parasitoid ratios. The
optimum host — parasitoid ratio for Plutella xylostella and
Cotesia vestalis is 100:1. A maximum of 86.0 % parasitism
with a mean adult emergence of 89% can be obtained with the
optimum ratio. Augmentative releases of parasitoids can be
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successful possible with the optimum ratio for effective pest
suppression of diamondback moth.

ACKNOWLEDGEMENT

The author wishes to thank the Director, National Bureau of
Agricultural Insect Resources, for providing the necessary
facilities for carrying out the work.

REFERENCES

Abdurrahman, A,, Eyiip, K,, Salih, K. and Semih, Y. 2008.
Dispersal Ability and Parasitization Performance of Egg
Parasitoid Trichogramma evanescens Westwood
(Hymenoptera: Trichogrammatidae) in Field and Storage
conditions. Turk J Biol, 32 :127-133.

Alizadeh, M., Rassoulian, G.R., Karimzadeh, J., Hosseini-
Naveh, V. and Farazmand, H . 2011. Biological study of
Plutella xylostella (L.) (Lep: Plutellidae) and it's solitary
endoparasitoid, Cotesia  vestalis (Haliday) (Hym.
Braconidae) under laboratory conditions. Pak. J.f Biol.
Sci., 14 (24): 1090-9.

British Library. 286 pp.

Dhumale, U. M., Moharil, M. P. and Ghodki, B. S. 2009.
Geographical variations and genetics of pyrethroid
resistance in diamond back moth, Plutella xylostella
(Linnaeus). Int. J. Integ. Biol.,7(3):175-180.

Haseeb, M., Liu, T. X. and Jones, W. A. 2004. Effects of
selected insecticides on Cotesia plutellae, endoparasitoid
of Plutella xylostella. BioControl, 49: 33-46.

Hemchandra, O. and Singh, T. K. 2007 Cotesia plutellae
(Kurdj.), a promising larval parasitoid of Plutella xylostella
(Linnaeus) in Manipur. J. Biol.l Contl., 21: 153-56.

J. Biol.Contl., 16(11):15-18.

Jayarathnam, K. 1977. Studies on the population dynamics of
the diamond back moth, Plutella xylostella (Linnaeus)(
Lepidoptera: Yponomeutidae) and crop loss due to the pest
in cabbage. Ph.D. thesis, University of Agricultural
Sciences, Bangalore. 200pp.

Krishnamoorthy A. 2004 IPM package for cabbage with safe
pesticide residue, IIHR, Bangalore, India. 8 pp (Extension
folder)

Li, Y.X. and Liu, S.S. 2001. Insecticide resistance in insect
parasitoids. Chinese J. Biol. Contl., 17: 81-85

Liu, S. S., Wang, X.G., Guo, S. J., He, J. H. and Shi, Z. H.
2000. Seasonal abundance of the parasitoid complex
associated with the diamondback moth, Plutella xylostella
(Lepidoptera: Plutellidae) in Hangzhou, China Bull. Ent.l
Res., 90: 221-231.

Liu, S. S. and Jiang, L. H. 2003. Differential parasitism of
Plutella xylostella (Lepidoptera: Plutellidae) larvae by the
parasitoid Cotesia plutellae (Hymenoptera: Braconidae) on
two host plant species. Bul. Ent.Res.. 93: 65-72.

Mitchell, E. R., Tingle, F. C., Navasero-Ward, R. C. and Kehat,
M. 1997. Diamondback Moth (Lepidoptera: Plutellidae):
Parasitism by Cotesia plutellae (Hymenoptera: Braconidae)
in Cabbage. Florida Ent., 80 (4): 477-489.

Mohan, M. and Gujar, G.T. 2003. Local variation in
susceptibility of the diamondback moth, Plutella xylostella
(Linnaeus) to insecticides and role of detoxification
enzymes. Crop Prot., 22: 495-504.

Myron, P., Zalucki, Asad Shabbir, Rehan Silva, David
Adamson, Liu Shu Sheng, and Michael J. Furlong. 2012. J.
Econ.Ent., 105(4):1115-1129.

Nadeem, S., Hamed, M. and Siddiqui, M.T.2004. Dispersal
and parasitizing potential of Trichogramma chilonis Ishii
in early and late sown variety NAIB Karishma. The
Nucleus, 39:111-114.

Nadia Kermani, Zainal-Abidin, Abu Hassan, Amalina Suhaimi,
Ismail Abuzid, Noor Farehan Ismail, Mansour Attia and
Idris Abd Ghan. 2014. Parasitism Performance and Fitness
of Cotesia vestalis (Hymenoptera: Braconidae) Infected
with Nosema sp. (Microsporidia: Nosematidae):
Implications in Integrated Pest Management Strategy.
PLOS One 9(6): e100671. DOLI:
10.1371/journal.pone.0100671

Nofemela, R.S. 2013, A simple method for estimating
instantaneous levels of endoparasitism of Plutella xylostella
(Linnaeus) (Lepidoptera: Plutellidae) by Hymenoptera in
the field', African Ent., 21(2):280-286.

Nofemela, R.S. and Kfir. R. 2005. The role of parasitoids in
suppressing diamondback moth, Plutella xylostella(L.)
(Lepidoptera: Plutellidae), populations on unsprayed
cabbage in the North West Province of South Africa.
African Ent.. 13: 71-83

Patra, P., Dhote, V. M., Alam, S. K. F., Das, B. C., Chatterjee,
M. L. and Samanta, A. 2013 Population dynamics of major
insect pests and their natural enemies on cabbage under new
alluvial zone of West Bengal. The J. Pl.Prot. Sci., 5(1): 42-
49, June, 2013

Ray, P., Sharma, S., Agarwal, RK., Longmei, K., Gentsch,
J.R. and Paul, V.K. 2007. First detection of G12 rotaviruses
in newborns with neonatal rotavirus infection at all India
Institute of Medical Sciences, New Delhi, India. J. Clin
Microbiol., 45: 3824-3827.

Reena and Basavana Goud, K. 2002. A modified method for
rearing Cotesia plutellae Kurdyumov (Hymenoptera:
Braconidae), a larval endoparasitoid on diamondback moth.

Ruth Kahuthia-Gathu 2013. Seasonal incidence of Plutella
xylostella (Lepidoptera: Plutellidae) and its associated
natural enemies in major crucifer growing areas of Kenya.
J. PL. Breed. Crop Sci., 5(5): 73-79.

Santos, V.C., de Siqueira, H. A., da Silva, J.E, de Farias, M.J.
2011. .Insecticide resistance in populations of the
diamondback moth, Plutella xylostella (L.) (Lepidoptera:
Plutellidae), from the state of Pernambuco, Brazil.
Neotrop.Ent. 40:(2):264-70.

Sarfraz, M. and Keddie ,B. A. 2005. Conserving the efficacy of
insecticides against Plutella  xylostella (L.) (Lep.,
Plutellidae). J. Appl. Ent., 129 (3):149-157.

Sarfraz, M., Keddie, M. A. and Dosdall, L. M. 2005. Biological
control of the diamondback moth, Plutella xylostella: a
review. Biocont.l Sci. and Tech., 15: 763-789.

Seenivasagan, T. R., Gandhi Gracy and Navarajan Paul, A .V.
2010. Differential parasitism by Cotesia plutellae
(Kurdjumov) on Plutella xylostella (L.) in artificially
infested host plants. J. Biol. Contrl., 24 (1): 22-27, 2010

Shrivastava, U.P. and Kumar, A. 2011. A Simple and Rapid
Plate Assay for the Screening of Indole-3-acetic Acid (IAA)
Producing Microorganisms. /nt. J. Appl. Biol. Pharma.
Technol. 2: 120-123



10045 Choubey et al. Determination of host parasitoid ratio for diamond back moth Plutella xylostella (linnaeus) and its parasitoid Cotesia v

lis halid, y

Talekar, N.S. and Shelton, A. M. 1993. Biology, ecology and
management of the diamondback moth. Ann. Rev. Ent.,
38:275-301.

Venkateswarlu, V., Sharma, R. K., Chande, S. and Singh, S.D.
2011. Population dynamics of major insect pests and their
natural enemies in cabbage. Ann. Pl. Prot. Sci., 19: 272-717.

Wajnberg, E.and Hassan , S.A.1994. Biological control with
egg parasitoids. Wallingford.

Walde, K.J. 2008. Improving the management of Diamondback
moth Plutella xylostella in canola in the Western Region :
A final report for the Grains Research and Development
Corporation : GRDC project number DAWO00041 / by
Western Australia. Dept. of Agriculture and Food; Grains
Research and Development Corporation (Australia);
(Western Australian Dept. of Agriculture and Food,
Geraldton);

Wang, X. G. and Keller, M. A 2002. A comparison of the host
searching efficiency of two larval parasitoids of Plutella
xylostella. Ecol Entomol, 27: 105-114.

Yadav, D. N., Patel, R. C. and Manjunath, T. M. 1975.
Seasonal activity of Apanteles plutellae Kurdj, a larval
parasite of Plutella xylostella (L). Trans. Royal Soc.
London., 116:1-14.

Zhao, J.Z., Li, Y.X., Collins,H. L., Gusukuma-Minuto, L. and
Mau, R.F.L. 2002. Monitoring and characterization of
diamondback moth (Lepidoptera: Plutellidae) resistance to
spinosad. J. Econ. Ent., 95: 430-436.

Zu-Hua- Shi., Shu-Sheng, Li,U. and Yuan-Xi Li. 2002. Cotesia
plutellae  parasitizing  Plutella  xylostella: Host-age
dependent parasitism and its effect on host development
and food consumption. Biocontrol, 47:499Y511.

s sk skoskoskookok



