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Abstract

Urdbean or Blackgram (Vigna mungo L.) is an important pulse crop in the semi-arid tropics and
subtropical farming systems, providing high quality vegetable protein. Among the insect pests attacking
on blackgram Spotted pod borer, Maruca vitrata (Geyer) is a major constraint for the production of
blackgram at critical stages like flowering and pod formation stages. The spotted pod borer is causing
serious damage to the crop, leading to huge losses. Because of its extensive host range and
destructiveness, it became a persistent pest in pulses, being available throughout the year in different
seasons / situations. The efficacy of chemical insecticides belonging to different groups against spotted
pod borer was well established on different pulse crops. This review pertains to seasonal incidence at
different locations and the most promising conventional and novel insecticidal compounds in the light of
their use for the management spotted pod borer in pulses in general and blackgram in particular.
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1. Introduction

Pulses are recognized as the rich source of proteins and constitute an important human diet
after cereals. Undoubtedly, they have been considered as poor man’s meat for the
underprivileged people who cannot afford animal protein ™. India is an important pulse
growing country contributing 28 per cent to the global pulse basket from an area of about 37
per cent [, Blackgram or Urdbean (Vigna mungo L.) or mash, mungo bean, mashkalai black
mapte etc., belongs to the family leguminosae; sub family Papilionaceae. It is native to Indian
subcontinent [, It is the fourth most important short-duration pulse crop grown in India and
contributes 10% of national pulses production. It contains 24% protein, 3.2% minerals and
59.6% carbohydrate. It also contains 154 mg calcium, 9.1 mg iron and 38 mg B-carotine per
100g of split daul Bl The important blackgram growing states in India are Andhra Pradesh,
Assam, Bihar, Gujarath, Haryana, Maharashtra, Karnataka, Kerala, Tamil Nadu, Madhya
Pradesh, Rajasthan, Uttar Pradesh, West Bengal and Tripura . In most parts of the country it
is grown traditionally as kharif (wet season) crop. The area, production and productivity of
urdbean at national level are 32.15 lac ha, 17.66 lac tonnes and 549 kg/ha, respectively 1. In
Andhra Pradesh under different agro climatic conditions, such as kharif (rainy), Rabi (winter)
and summer crop both in uplands as well as in rice fallows. Though, urdbean is being grown
throughout the year in varied agro -climatic conditions [, Blackgram is attacked by 40 to 60
insect species at different stages of the crop growth [ % 101 On an average, 2.5 to 3.0 million
tonnes of pulses are lost anually due to pest problems in India . The yild losses on urdbean
due to insect pests at vrious stages of the crop growth accounts 30 to 54.3 per cent in India [**
13,14,15.16.171 Among the insect pests spotted pod borer, Maruca vitrata (G.) is the devastating
pest of pulses 8 19, It is widely distributed in Asia, Africa, Australia & America %, It feeds
on plant species belonging to 20 genera & 6 families, the majority of which belonging to
Leguminiaceae and is a major pest of cowpea, pigeonpea, urdbean, mungbean, snap bean,
common bean, soya bean, lima bean, faba bean, hyacinth bean & adzukibean . It infests
mungbean, urd bean, pigeonpea, cowpea, & field bean in southern zone of A.P %4, Because of
its extensive host range and destructiveness, it became a persistent pest in pulses, being
available throughout the year in different seasons / situations.
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Spotted pod borer M. vitrata larvae feeds on flowers, buds,
and pods by webbing with leaves and causing serious damage
(23,24, 25,26, 271 S it is difficult to Kill them due to this typical
feeding habit of the larvae protect from natural enemies and
conventional group of insecticides. The repeated use of
conventional chemicals results in development of resistance
to insecticides. Now days, attempts are being focused on safer
insecticides to reduce the resistance development and eco -
friendly pesticides. Hence, the present review was done on the
bio efficacy of certain new molecule insecticides having
unigue mode of action, against the spotted pod borer on
blackgram.

2. Nature of damage

The spotted pod borer which is also known as legume pod
borer, Maruca vitrata Geyer. (M Testulalis) (Lepidoptera;
Pyralidae) is a serious pest of grain legumes in the tropics and
subtropics because of its extensive host range, distribution
and destructiveness. It was first reported by Dietz (1914) [?8]
on beans in Indonesia and described by Hubner but the work
was published later on by Geyer. Due to its destructiveness at
critical stages of crop growth viz, flowering and pod
development stages especially to the economic plant parts
such as flower buds, flowers and pods, it become as a
significant constraint to attain the maximum productivity
from grain legumes. Normally, larvae feed on anthers,
filaments, styles, stigma and ovaries of flowers and larvae
move from one flower to another, and each may consume 4-6
flowers before completion of larval development. Third to
fifth instar larvae are capable of boring into the pods and
occasionally into peduncle and stems 3. The young larvae
nibble into the stems of blackgram from leaf-axils of branches
causing wilt %1, Spotted pod borer (Maruca vitrata) is a
major constraint for the production of pulses at critical
flowering and pod formation stages in the Southern Zone of
Andhra Pradesh B%, The yield losses caused by M. vitarta
have been estimated to be around 30 million dollars annually
in India B4, The peak bud infestation (50.0%) was noticed
during the 2" week of December i.e., 48" standard week on
green gram 21, The grain yield loss due to this pest ranged
from 9 to 84 percent on grain legumes 1,

3. Seasonal incidence

Seasonal incidence and development of insect-pests are very
much dependent upon prevaling environmental factors such
as temperature, relative humidity and precipitation hence,
they prefer particular environmental conditions for their
survival in a particular host 4. When some insects prefer cool
and humid conditions as optimum for their growth and
development there are some others which thrive well under
dry and high temperature conditions. In this regard, it is
essential to study the pattern of seasonal incidence of major
pests infesting the crop and their preferable environmental
conditions as this will help in their management, if tackled in
the right way B4, The peak activity of M. testulalis has been
observed during the month of July, August and October [,
The peak activity of M. vitrata was observed from August-
September at various locations in India on blackgram [36 37 38
33, 39,401 The incidence M. vitrata in pigeonpea under normal
sowing initially infested during the 1% week of August (27%
standard week) and peak incidence during 37" standard week.
Under late sowing, moderate infestation was noticed during
the first week of September at Maharashtra 3. The peak
incidence of pod borer during the 3™ week of October on

blackgram at Kathalagere, Karnataka [*°l. Larval incidence of
M. vitrata in blackgram reached its peak during last week of
January coinciding with the maximum flowering and pod ding
stage and gradually declined by 1% week of March when pods
were matured at Bapatla, Andhra Pradesh *2. The incidence
of M. vitrata on cowpea started during 1% standard week i.e.,
at 32 DAS with 0.4 larvae per 10 plants and increased
gradually and reached its peak by 7" standard week with 65.4
larvae per 10 plants at pod development stage at 75 DASI*],
The larval incidence of M. vitrata started during the 3" week
of December (early flowering stage of crop @ 4 larvae / 50
plants) and reached the peak level (37 larvae per 50 plants)
during the 2" week of January coinciding with the maximum
flowering stage of crop and pest has disappeared at the
maturity stage of blackgram in Andhra Pradesh[®®, Population
of spotted pod borer started appearing from 5" week after
sowing and peak pest density was observed during 7" week
after sowing in greengram at Junagadh ™. lincidence of M.
testulalis on blackgram commenced after the 5" week of
sowing i.e., the 2" week of August with 0.80 larvae per plant
and gradually increased and attained a peak of 3.84 larvae per
plant during the 4" week of August and its incidence
gradually declined by the first week of September (3.35 larvae
per plant) %, Population of M. vitrata started from 34"
standard week (0.58 larvae per plant) and attained its peak

population during 36" standard week (2.40 larvae per plant)
45, 46]

4. Efficacy of chemical insecticides against spotted pod
borer Maruca virata (Geyer) on Urdbean / blackgram
Several reports were available on the insecticidal management
of spotted pod borer on blackgram and other pulses at
different locations are reviewed group wise hereunder.

4.1 Organophosphate compounds

Organo phosphorus compounds are broad spectrum
insecticides with contact, stomach and non - systemic, good
penetrating power also have acaricidal properties.

Endosulfan (0.07%) and dusting with methyl parathion (2%)
were significantly superior in minimizing damage due to M.
vitrata. [47:48.49-501 Two applications of dimethoate (0.03%) or
monocrotophos (0.04%) were effective against lepidopteran
pod borers on blackgram®4. Cumulative pod borer damage
caused by M. Vitrata in blackgram was the lowest in
Quinalphos (0.04 %) followed by Profenophos (0.1%),
dimethoate (0.03%) and acephate (0.075%) [52 53,
Chlorpyriphos (0.04%) in combination with dichlorvos
(DDVP) (0.038%) was the most effective treatment in
reducing the larval population (62.52 per cent)of M. vitrata
1541, Two sprays of chlorpyriphos @ 0.05% at ten days interval
was effective in reducing the larval population (48.86%) of
M. vitrata on blackgram %1, Chlorpyriphos @ 630 g and
endosulfan @ 630 ga.i./ha, each alone consistently and
significantly reduced pod borer damage to less than 27.9 per
cent with grain yield of more than 880 kg/ha®®l. Profenophos
(0.05%) was found to be most effective in reducing the larval
population of M. vitrata 571, Triazophos (1ml/l) was effective
against legume pod borer and registered highest cost benefit
ratio [8. 27],

4.2 Carbamtes

Carbamate compounds are broad spectrum insecticides with
contact and stomach action. Effective against various grous of
insects. Thiodicarb @ 0.075% was effective in controlling the
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larvae of M. vitrata by recording the larval reduction of
(52.11%) blackgram 5% 5559, 801 Indoxacarb 15.8 E C @ 750
ml/ha was found to be very effective against spotted pod borer
in blackgram [61, 62, 57, 27,17, 63]

4.3 Synthetic pyrethroids

Fenvalerate (0.01%) treated plants showed the least damage
and greatest grain yield compared to quinalphos (0.12%) and
endosulfan (0.07%) in Maharashtra 4, Novaluron 10 E.C @
1.0 ml/it and alphamethrin 10 E.C @ 1.0 ml/It significantly
reduced the pod borer damage in blackgram 591,

4.4 Emamectin benzoate

Emamectin benzoate 5% SG (Proclaim), ananalog of
abamectin, belongs to ‘Avermectins’. Avermectins are
insecticidal compounds derived fromthe soil bacterium
Streptomyces avermitilis described for the first time in Japan.
Avermectin is a natural fermentation product of bacterium S.
avermitilis. This compound acts as an insecticide by
interfering with the nervous system of insect and causes the
insect to become paralyzed. Proclaim 5 % SG is both a

stomach and contact insecticide effective against legume pod
borer [66. 59. 19, 60]

4.5 Spinosad

Spinosad is a macrocyclic lactone developed from an
actinomycete (Saccharopolyspora spinosa) fermentation
culture that was originic acetyl choline receptors and has been
reported to be effective on a wide variety of insect pests,
especially Lepidopterans and dipterans [67],

Spinosad @ 0.005% was significantly superior by recording
120.12 per cent increase with a pod yield (14.66 q ha*) over
untreated control in blackgram %, Spinosad (0.009%) gave
significantly higher mortality (90.43 %) of M. vitrata,
minimum pod damage (7.53) and maximum per cent increase
in seed yield (79.37 per cent) over control in blackgram 7],
Spinosad 45 SC @ 0.015% was highly effective treatment as
it recorded 85.20 per cent reduction in mean larval population
of M. vitrata in rice fallow blackgram in Andhra Pradesh 58],
Spinosad @75 g ha! was found to be highly effective against
spotted pod borer by recording highest larval mortality 99.97
% in blackgram 69,

4.6 Flubendiamide

Flubendiamide is a new benzene dicarboxamide insecticide
developed for lepidopteran pest control. It shows high
selective activity against lepidopteran insect pests, which
leads to excellent efficacy in the field and excellent safety
against non-target organisms, including various beneficial
arthropods and natural enemies. These properties suggested
the suitability of flubendiamide for integrated pest
management (IPM) programes %, Flubendiamide 480 SC @
48 g a.i. ha?! recorded minimum survival of pod borer
population (1.13 and 0.5 larvae/5 plants) in blackgram 7% 62,
Flubendamide 39.35 SC @ 0.2 ml/I against legume pod borer
recorded lowest mean flower or pod damage 6.95% per plant
and recorded highest pod yield 312.50 kg acre™ in blackgram
159, 721 Flubendiamide 24% + thiacloprid 24-48% SC @ 2ml I
recorded highest larval reduction (84.45%) against Maruca in
blackgram at Karnataka and Andhra Pradesh 9% 7,
Flubendiamide 24% + thiacloprid 24% combination @ 175
ml ha ! was most effective in reducing the larva of M.
testulalis by (60.35 %) over untreated control in cowpea [,

4.7 Chlorantraniliprole

Chlorantraniliprole is an anthranilic diamide that activates the
insect ryanodine receptors and stimulates the release and
depletion of intracellular calcium stores from the
sarcoplasmic reticulum of muscle cells, causing impaired
muscle regulation, paralysis and ultimately death of sensitive
species and also long lasting and highly effective against
lepidopteran pests’™!. Lowest mean pod damage of 14.5 per
cent and also highest mean larval population (0.67 larvae per
plant) was recorded with chlorantraniliprole 20 SC @ 20 g a.i.
ha? on blackgram [% 73 Chlorantraniliprole + lambda-
cyhalothrin 150 ZC @ 250 ml I was effective in
management of Helicoverpa armigera (Hub) resulting in
lowest fruit damage (3.17%) with 90.21 per cent larval
reduction over control 78], Chlorantraniliprole + lambda-
cyhalothrin @ 215 g a.i. ha ** was found to be very effective
against the larval population of M.vitrata on soybean by
recording 93.33 per cent mean larval reduction over control
[77], Chlorantraniliprole 9.3% + A cyhalothrin 4.6% @ 0.5 ml I
! was found highly effective against spotted pod borer with
least per cent pod damage. And highest yield of 8.31 g ha?
was recorded from chlorantraniliprole 9.3 % + A cyhalothrin
4% @ 0.5ml/l in rice fallow blackgram at Andhra Pradesh [7%],

5. Conclusion

A critical review on the seasonal occurrence of the pest in the
above references cited clearly depicted the possible
occurrence of the pest which will be helpful to take the fore
warning measures in curtailing the pest. Critical review on
various groups of chemical insecticides indicates that for the
last five decades conventional insecticides, all neuro active
chemicals have played major role in management of insect
pests in pulses, their indiscriminate uses led to several
problems like resistance, residue, resurgence and safety to
environment. The focus on insecticide research shifted to
search for and development of new green chemistries having
novel biochemical targets in the context of pest control and
resistance management. Now it is in a renaissance of
integrating chemicals for sustainable pest control with human
safety. The novel groups of insecticides are very effective at
lower doses and low risk to non-target organisms and
environment, and their versatility in application methods,
these important classes of new insecticides will certainly play
a greater role in the present context of environmental safety
and their consequent uses in integrated pest management and
insect resistance management programmes.

6. Acknowledgements
The senior author is highly thankful to Acharya N.G. Ranga
Agricultural University, Lam, Guntur, Andhra Pradesh for
providing the facilities.

7. References

1. Ali M, Gupta S. Carrying capacity of Indian agriculture
pulse crops. Current Science. 2012; 102:874-888.

2. Masood Ali, Shiv kumar P. Problems and prospects of
pulses research in India. Indian Farming 2000; 4-13pp

3. Nene Y L Indian pulses through the millennia. Asian
Agri- history. 2006; 10:179-202.

4. Singh KM, Singh RN. Succession of insect pests in
greengram and blackgram under dryland conditions at
Delhi. Indian Journal of Entomology. 1977; 39(4):365-
370.

5. Bakr MA, MA Afzal, Hamid A, Haque MM, Aktar MS.

~928 ~



Journal of Entomology and Zoology Studies

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Blackgram in Bangladesh. Lentil Blackgram and
Mungbean Development Pilot Project, Publication No.25,
Pulses Research Centre, BARI, Gazipur, 2004, 60.
Srivastava AK, Prajapati RK. Influence of weather
parameters on outbreak of MYMV in blackgram of
Bundelkhnad zone of central India. Journal of
Agricultural physics. 2012; 12(2):143-151.

Khazuria S, Rai AK, Kumar KLR, Jadav S. Evaluation of
integrated pest management module against sucking pests
of blackgram under semiarid conditions. Insect
Environment. 2015; 20(4):126-132.

Anonymous. www.indiastat.com. 2008.

Atachi P, Djihou ZC. Record of host plants Maruca
testulalis (Geyer) (Lepidoptera: Pyralidae) in the republic
of Benin. Annals of Society of Entomology France 1994;
30: 169-174.

Mohanraj A, Bharathi K, Rajavel DS. Evaluation of
chlorantraniliprole 20% SC against pests of blackgram.
Pestology 2012; 36(4): 39-43. Rabindra RJ, Ballal CR,
Ramanujan B. Biological options for insect pests and
nematode management in Kalyani Publishers, New
Delhi, India. 2004: 487Pp.

Nayar KK, Ananthakrishnan TN, Devid BV. General and
applied entomology, tatamc. graw hill publication
cooperative limited, New Delhi, 589.

Singh SR, Allen DR. Pests, diseases, resistance and
protection in cowpea. Advances in Legume Science,
1980, 419-433.

Dhuri AV, Singh KM. Pest complex and succession of
insect pests in blackgram. Indian Journal of Entomology.
1983; 45:396-401.

Saxena HP. Losses in blackgram due to insect pests.
Indian Journal of Entomology. 1983; 2:294-297.

Pandey SN, Singh R, Sharma VK, Kanwat PM. Losses
due to insect pests in some kharif pulses. Indian Journal
of Entomology. 1991; 53(4):629-631.

Justin GLC, Anandhi P, Jawahar D. Management of
major insect pests of blackgram wunder dry land
conditions. Journal of Entomology and Zoology studies.
2015; 3(1):115-121.

Lal SS, Sachan JN. Recent advances in pest management
in pulses. Indian Farming. 1987; 37:29-32.

Shivaraju C, Kumar CTA, Sudhir KS, Thippaiah M.
Seasonal incidence of pod borer complex on blackgram,
Vigna mungo (L). Journal of Entomological Research.
2011; 35(1):39-42.

Ulrichs C, Mewis I, Schnitzler W H, Burleigh J R.
Effectivity of synthetic insecticides against Maruca
vitrata and the parasitoid Bassus asper Chou and Sharkey
in Philippines. Mitteilungen —der Deutschen Gesellschaft
— fur — allgemeine und — angewandte Entomologie. 2001;
13(1-6):279-282.

Akinfenwa S. Biological study of Maruca vitrata (Geyer)
(Lepidoptera: Pyralidae) in the Zaria Area of Northern
Nigeria M.Sc Thesis Ahmadu Bello University, Zaria,
Nigeria, 1975.

Sharma KK, Yadav HS, Chandra A. A note on seasonal
activity of pod borer complex on dolichos bean. INKVV
Research Journal. 2000; 33(1):74-77.

Taylor TA. The bionomics of Maruca testulalis Gey. a
major pest of cowpea in Nigeria. Journal of West Africa
Science Association. 1967; 12:111-129.

Raheja AK. Assessment of losses caused by insect pests
to cowpeas in northern Nigeria. PAANS. 1976; 22:229-

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

~929~

233.
Mia MD. Current status of insect research of pulse crops
and future research needs. In Proceedings of the

workshop on disease resistance breeding in pulses Thana
cereal technology transfer and identification project,
Dhaka, 1998, 87-93.

Sharma HC. Bionomics, host plant resistance and
management of the legume pod borer, Maruca vitrata A
review. Crop Protection. 1998; 17:373-386.

Mandal D, Bhowmik R, Chatterjee M. Field efficacy and
economics of some insecticides against spotted pod borer
Maruca testulalis (Geyer) of blackgram. Journal of Crop
and Weed. 2013; 9:177-180.

Dietz PA. Het katjand VI indertje Toa Toh-Matje)
Meded.Deli- Proefstu. 1914; 8:273-278.

Goud KB, Vastrad AS. Record of Maruca testulalis
(Geyer) infesting stem of blackgram in Dharwad,
Karnataka. Karnataka Journal of Agricultural Sciences.
1992; 5:270-271.

Chandrayadu E, Srinivasan S, Venugopala Rao N.
Evaluation of certain new insecticides against spotted pod
borer, M. vitrata (Geyer) on cowpea (Vigna ungiculata
(L) Walp). Current Biotica. 2008; 2(2):240-243.

Saxena KB, Chandrasena GDSN, Hettirachchi K, Igbal
YB, Fonseka HHD, Jayasekara SJBA Evaluation of
pigeonpea accessions and selected lines for reaction of M.
vitrata (Geyer). Crop Science. 2002; 42:615-618.
Sandhyarani C, Rao GR, Chalam MSV, Kumar PA, Rao
VS. Seasonal incidence Of spotted pod borer,Maruca
vitrata (Geyer) (Pyralidae; Lepidoptera) on greengram in
Rabi. The Andhra Agricultural Journal. 2014; 61(4):871-
874.

Manjunath GN, Mallapur CP. Studies on population
dynamics of spotted pod borer, Maruca testulalis Gey. In
blackgram. Karnataka Journal of Agricultural Sciences.
2015; 28(3):418-4109.

Mahalakshmi MS, Sreekanth M, Adinarayana M,
Pushpareni Y, Koteswararao Y, Narayana E. Incidence
bionomics and management of spotted pod borer,
Maruca testulalis Gey. In major pulse crops in India.
Agricultural Reviews. 2016; 37(1):19-26.

Lalasangi MS. Bionomics, loss estimation and control of
pod borer, Maruca testulalis Gey. (Lepidoptera:
Pyralidae) on cowpea. Mysore Journal of Agricultural
Sciences. 1988; 22:187-188.

36. Giraddi RS, Amaranath K, Chandrasekhar, Kedanuri
B, Patil RS. Late sowing and dry spell cause pest
outbreak in kharif pulses. Insect Environment. 2000;
6(1).

Shivaraju C, Ashok Kumar CT, Sudhir Kumar S,
Thimmiah M. Seasonal incidence of pod borer complex
on Blackgram, [Vigna mungo (L.)]. Journal of
Entomological Research. 2008; 35:39-42

Chittibabu GC, Madhumathi T, Rao PA, Rao VS.
Seasonal incidence of spotted pod borer Maruca vitrata
(Geyer) (Pyralidae: Lepidoptera) on blackgram. The
Andhra Agricultural Journal. 2009; 56(2):206-209.
Sonune VR, Bharodia RK, Jethva DM, Dabhade PL.
Seasonal incidence of spotted pod borer, Maruca
testulalis (Geyer) on blackgram. Legume Research. 2010;
33(1):61- 63.

Kumar M, Singh PS. Population dynamics of major
insect pests of blackgram (Vigna mungo (L.) Hepper) in
relation to weather parameters. International Journal of



Journal of Entomology and Zoology Studies

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Agriculture,
9(4):673-677.
Ghorpade SA, Bhandari BD, Salagre AR. Studies on
biology of legume pod borer on pigeonpea in Maharastra.
Journal of Maharashtra Agricultural Universities. 2006;
31:91-98.

Dillirao S. Bio-ecology and ecology and management of
spotted pod borer, Maruca vitrata (Geyer) on blackgram.
M.Sc. (Ag.) Thesis submitted to Acharya N. G. Ranga
Agricultural University, Rajendranagar, Hyderabad. 2001,
Hariprasad A. Incidence and management of pest
complex on cowpea (Vigna unguiculata (L.) Walp).
M.Sc. (Ag.) Thesis submitted to Acharya N. G. Ranga

Environment and Biotechnology. 2016;

Agricultural  University, Rajendranagar, Hyderabad,
2007.
Umbarkar PS, Prasana GJ, Jethva DM. Seasonal

incidence of spotted pod borer Maruca testulalis (Geyer)
on greengram. Agriculture Science Digest. 2010;
30(2):150- 151.

Dabhade PL, Bapodra JG, Jethva M. Seasonal incidence
of major insect pests of groundnut. Pestology. 2014;
38(6):44-47.

Bairawa B, Singh SP. Population dynamics of major
insect pests of mungbean (Vigna radiata (L.) Wilczek) in
relation to abiotic factors in plains. The Bioscan. 2017;
12(3):1371-1373.

Avinashkumar MDN, Kumar A. Relative efficacy of
different insecticides against the pests infesting Urd [V.
mungo (L.) Hepper]. Journal of Entomological Research.
1996; 20:309-312.

Bhalani PA, Parsana GJ. Relative toxicity of certain
newer insecticides to Maruca testulalis (Geyer) attacking
pigeonpea. Pesticides. 1987; 21:23-25.

49. Nath HK, Yein BR. Efficacy of some insecticides
against spotted podborer, Maruca testulalis (Geyer) on
blackgram. Journal of the Agricultural Science Society of
North Eastern India 1996; 9: 107-109.

50. Dar MH, Rizvi PQ, Naqvi NA. Efficay of neem and
synthetic insecticides for the management of insect pests
of greengram. Pest Management and Economic Zoology.
2002; 10(1):57-60.

51. Ahmed R, Yadav CP, Lal SS. Evaluation of spray
schedule for control of insect pests of mungbean. Indian
Journal of Pulses Research. 1998; 11(2):146-148.

52. Lal SS, Yadava CP. Efficacy of certain insecticides
against pod borers infesting pigeonpea. Pesticides. 1988;
22:30-35.

53. Ganapathy N, Durairaj C. Bio-efficacy of some newer
insecticides against pod borers of blackgram. Pestology
2000; 24:43-45.

54. Rao SD. Bio ecology and management of spotted pod
borer, Maruca vitrata (Geyer) on blackgram. M. Sc. (Aqg)
Thesis Submitted to Acharya N G Ranga Agricultural
University Rajendra Nagar, Hyderabad, 2001.

55. Lakshmi PSR, Sekhar PR, Rao VRS. Bio efficacy of
certain insecticides against spotted pod borer on urdbean.
Indian Journal of Pulses Research. 2002; 15:201-202.

56. Ujagir R, Rastogi G. Management of pod borer
complex in pigeonpea through synthetic and bio-rational
insecticides. Indian Journal of Pulses Research. 2006;
19(2):236-240.

57. Sonune VR, Bharodia RK, Jethva DM, Deshmukh,
SG. Field efficacy of chemical insecticides against
spotted pod borer, Maruca vitrata (Geyer) on blackgram.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

~930~

Legume Research. 2010a; 33(4):287-290.

58. Patro B, Behera P. Economics of new insecticide
molecules against Maruca vitrata (Geyer) on blackgram.
Journal of Plant protection and Environment. 2014;
11(1):68-71

59. Mahalakshmi MS, Ramarao CV, Koteswararao Y.
Efficacy of certain newer insecticides against legume pod
borer, Maruca vitrata in urdbean. Indian Journal of Plant
Protection. 2012; 40(2):115-117.

60.Paramr SG, Naik MM, Pandya HV, Rathod NK, Patel
SD, Dave PP et al. Bio-efficacy of Some insecticides
against pest complex of blackgram [Vigna mungo(L.).
International Journal of Plant Protection. 2015; 8:162-
168.

61. Srihari B, Patnaik NC. Use of new insecticides
against Maruca vitrata (Geyer) in blackgram. Annals of
Biology. 2006; 22(2):169-172.

62. Kumar CT A, Shivaraju C. Evaluation of newer
insecticide molecules against pod borers of blackgram.
Karnataka Journal of Agricultural Sciences. 2009;
22(3):521-523.

63. Rameshbabu S, Dudwal GR, Meena PK. Field
efficacy of newer insecticide molecules against green
semilooper, Thysanoplusia orichalcea in blackgram.
Indian Journal of Plant Protection. 2015; 43(3):273-275.
64. Patil CS, Khaire VM, Mote UM. Comparative
performance of different insecticides against pod borer
complex on short duration pigeonpea. Journal of
Maharashtra Agricultural University. 1993; 15(3):337-
339.

65. Patil SK, Jamadagni BM. Field efficacy of novaluron
10 Ec (Rimon) against pod borers in Blackgram.
Pestology. 2006; 30:22-23.

66. Prasadkumar, Devappa V. Bioefficacy of emamectin
benzoate 5%S G (Proclaim) against diamond back moth
in cabbage. Pestology. 2006; 30(1):23-25.

67. Sparks TC, Crouse GD, Durst G. Natural products as
insecticides the biology, biochemistry and quantitative
structure activity relationship of spinosyns and
spinosoids. Pest Management Sciences. 2001; 4(1):11-15.
68. Rao DG, Nagesh M, Chalam MSV, Rao VS. Efficacy
of different insecticides against spotted pod borer,
Maruca vitrata (Geyer) in rice fallow blackgram. The
Andhra Agricultural Journal. 2014; 61(1):151-156.

69. Sreelakshmi P, Paul A, Naseema Beevi S, Sheela MS,
Pratheeshkumar N. Management of resistant populations
of legume pod borer, Maruca vitrata (Fabricius)
(Lepidoptera:  Crambidae) using new generation
insecticides. Environment and Ecology. 2016; 34(3):917-
921.

70. Tohnishi M, Nishimatsu T, Motoba K, Hirooka T,
Seo A. Development of a novel insecticide,
flubendiamide. Journal of Pesticide Science. 2010;
35(4):490-491.

71. Patil SK, Deshmukh GP, Patil JV. Efficacy of
flubendiamide 480 SC against pod borers in blackgram.
Pestology. 2008; 32(9):20-22.

72. Kumar A, Sachan Sk, Kumar S, Kumar P. Efficacy of
some novel insecticides against whitefly (Bemisia tabaci
Gennadius) in brinjal. Journal of Entomology and
Zoology Studies 2017; 5(3):424-427.

73. Swathi K. Study on Seasonal Incidence and
Insecticidal Management of Major Insect Pests of Rice
Fallow Black gram (Vigna mungo L.) in North Coastal



Journal of Entomology and Zoology Studies

Andhra Pradesh M.Sc. (Ag.) Thesis submitted to Acharya
N. G. Ranga Agricultural University, Lam Guntur,
Andhra Pradesh 2018.

74. 74. Roy D, Chakraborty G, Sarkar PK. Comparitive
efficacy, non —target toxicity and economics of seven
novel pre- mixed formulations against Maruca testulalis
G. and Aphis craccivora K. infesting cowpea. Journal of
Environmental Biology. 2017; 38:603-609

75. 75. Cordova D, Benner EA, Sacher MD, Rauh JJ, Sopa
JS, Lahm GP et al. Anthranilic damides: a new class of
insecticides with a novel mode of action, ryanodine
receptor activation.  Pesticide  Biochemistry and
Physiology. 2006; 84(3):196-214.

76. 76. Baskaran MRK, Rajavel DS, Suresh K, Jayaraj J,
Palanisamy N. Efficacy of ampligo 150 ZC
(chlorantarniliprole9.6%+lambdacyhalothrin 4.6%)
against bollworm complex in cotton. Pestology. 2012;
36(6):55-58.

77. 77. Jose FJG, Andre LFL, Crebio J. Field efficacy of
chemical pesticides against Maruca vitrata Fabricius
(Lepidoptera: Crambidae) infesting soybean in Brazil.
American Journal of Plant Sciences. 2015; 6:537-544.

~931~



