




i

Pest Management in

Horticultural Ecosystems

Volume 30 June  2024Number 1

injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 

3 Union Territories. The decrease in yields of coconut 

Diaphania indica

Vol. 29, No.1 pp 1-12 (2023)
DOI Number:10.5958/0974-4541.2023.00001.2 Association for Advancement of Pest Management 

in Horitcultural Ecosystems (AAPMHE)

Division of Crop Protection
ICAR- Indian Institute of Horticultural Research
Hesaraghattta Lake P.O., Bengaluru - 560 089, India
Website: https://pmhe.in, Phone: + 91 8023086100, Ext- 305
Email: editorpmhe@gmail.com

ISSN: 0971-6831
Online ISSN: 0974-4541



ii



iii

Dr. P. PARVATHA REDDY

1994-2002

Dr. P. CHOWDAPPA

2012-2014

Dr. N. K. KRISHNA KUMAR

2002-2008

Dr. M. KRISHNA REDDY

2014- 2022

Dr. A. KRISHNAMOORTHY

2008- 2012

Dr. V. SRIDHAR

2022-Till Date

EXECUTIVE COUNCIL MEMBERS OF AAPMHE SINCE INCEPTION

(1994-2024)

PRESIDENTS



iv

 

 

Dr. K. SRINIVASAN

1994-1996

Dr. GIRIJA GANESHAN

2010-2014

Dr. P.L. TANDON

1996-2000

Dr. P.N. GANGA 

VISALAKSHY

2014-2017

Dr. T. VENKATESAN

2021-2023

Dr. M. MANI

2000-2008

Dr. DEBI SHARMA

2017-2019

Dr. S. SRIRAM

2023-Till Date

Dr. S. SITHANANTHAM

2008- 2010

Dr. A. SUJATHA

2019-2021

VICE - PRESIDENTS



v

CHIEF EDITORS

SECRETARIES

Dr. P.L. TANDON

1994-1996

Dr. ABRAHAM VERGHESE

1996-2010

Dr. P. V. RAMI REDDY

2010- Till Date

Dr. K.P. JAYANTH

1995-1997

Dr. A. KRISHNAMOORTHY

1997-2007

Dr. M.S. RAO

2007-2010

 

14 

ATESHAN
23 

Dr. P. N. GANGA VISALAKSHY

2010-2012

Dr. V. SRIDHAR

2012-2021

Dr. R. UMAMAHESWARI

2021-2023



vi

JOINT SECRETARIES

Dr. N. R. PRASANNA KUMAR

2014-2023

Dr. PRITI SONAVANE

2023–Till date

Dr. A. KRISHNAMOORTHY

1994-1997

Dr. V. SRIDHAR

2010-2012

Dr. P.D. KAMALA JAYANTHI

2012-2014

C. GOPALAKRISHNAN

1997-2007

Dr. P. N. GANGA VISALAKSHI

2007-2010

    

TREASURERS

Sri. (Late) P.N. KRISHNA 

MOORTHY

1994- 2012

Dr. H.R. RANGANATH

2012-2019

Dr. R. UMAMAHESWARI

2019-2021

 
Dr.  C. CHANDRASHEKARA

2021-2023

Dr. N. R. PRASANNA 

KUMAR

2023–Till date



vii

CONTENTS 30 (1)

EDITORIAL  (PMHE @30) .......................................................................................................................................... i

REVIEW ARTICLE

Exploration of bioagents tolerant to agrochemicals for better management of plant diseases

S. Sriram, Y. Gaurav Rakhonde, and M. L. Supriya .................................................................................................... 1-11

RESEARCH ARTICLES

Diversity of chalcidid wasps (Hymenoptera: Chalcididae) in natural and man-made agroecosystems of 

Chhattisgarh, India

Kriti Arpana Minz, Ankita Gupta and Vikas Singh  .................................................................................................... 12-22            

Morphological description and predatory potential of two Chelisoches species of earwigs on arecanut in昀氀orescence 
caterpillar, Thirathaba sp. from South India

C. M. Karthik, C. M. Kalleshwaraswamy and S. Onkarappa ................................................................................... 23-29

Facultative bacterial diversity associated with silverleaf white昀氀y, Bemisia tabaci (Gennadius) on tomato crop

Kishor Pujar, D. Jemla Naik, and B. Shivanna ......................................................................................................... 30-35

Insights into the biochemical basis of ovipositional preference of Earias vittella (Fabricius) in Abelmoschus species

S. Krishna Kumar1, P. Saravana Kumar, Y. B. Varun, G. Krishna Rao, M. Pitchaimuthu, K. S. Shivashankara and  

P. D. Kamala Jayanthi .............................................................................................................................................. 36-48

Effect of weather parameters on the incidence of diamondback moth, Plutella xylostella (L.) in cabbage

Kuldeep Sharma1, M. K. Mahla1, K. C. Ahir and B. Upadhyay ............................................................................. 49-55

Preference of brinjal hadda beetle, Henosepilachna vigintioctopunctata (Fabricius) (Coccinellidae: Coleoptera) to 

different solanaceous weed plant hosts

P. Manikandan, M. Saravanaraman, K. Suguna and R. Rengalakshmi ...................................................................... 56-63

Behavioural ecology of mango leaf webber, Orthaga exvinacea Hampson

G. Rajeshwari, P. D. Kamala Jayanthi, Y. K. Kotikal, D. R. Patil, Venkatesalu, G. Manjunath and S. R. Mulla ....... 64-71

Frugivorous birds and mammalian pests of cultivated 昀椀g, Ficus carica L. in Punjab, India

Sandeep Singh, Manoj Kumar, Guranshpaul Singh, Rajwinder Kaur Sandhu, Vinay Singh, Brij Mohan Bharadwaj and 

Mandeep Pathania .................................................................................................................................................... 72-84

Biology and morphometrics of Thrips parvispinus (Karny) (Thysanoptera: Thripidae) on chilli, Capsicum 

annuum L.

T. Priyanka, Shivaleela, Thammali Hemadri, Basavaraj Kadanavar, Hanumanthappa Shrihari, Sreedevi. S. Chavan and 

M. C. Keerthi ............................................................................................................................................................. 85-92

Occurrence and seasonal abundance of Thrips tabaci Lindeman on onion in the north transition zone of 

Karnataka, India

R. K. Vinutha, M. G. Hegde, S. M. Hiremath, G. S. Guruprasad, U. K. Hulihalli, K. T. Shivakumara and 

R. R. Rachana ................................................................................................................................................. 93-100



viii

Biology and morphometry of common Mormon butter昀氀y, Papilio polytes L. (Papilionidae: Lepidoptera) on 

acid lime

N. T. Dileep Kumar, A. P. Biradar and C. P. Mallapur ......................................................................................... 101-105

Studies on seasonal incidence of leaf webber, Spoladea recurvalis F. and Spodoptera litura F. on amaranthus 

(Amaranthussp. L)

P. Manikandan and R. Kannan .............................................................................................................................. 106-111

Assessment of various pollen substitutes for sustaining brood development in Apis cerana himalaya Fabricius 

during the dearth period in Manipur conditions

Pranita Roy, Shravan M. Haldhar, C. N. Nidhi, Om Prakash Mishra and Chiranjiv ........................................... 112-117

Biology of major lepidopteran pests of Jasminum sambac in Kerala

I. M. Swathy, Malini Nilamudeen and N. Anitha ................................................................................................... 118-121

Levels of insecticide resistance in Phthorimaea absoluta (Meyrick) populations collected from South India

H. B. Pavithra1, S. Sharanabasappa Deshmukh, V. Sridhar, C. M. Kalleshwaraswamy and Nagarajappa Adivappar  

................................................................................................................................................................................ 123-132

Management of rugose spiraling white昀氀y (RSW), Aleurodicus rugioperculetus Martin with biopesticides on 

coconut with a note on its natural enemies

P.v.raghuteja, N.b.v.chalapathi Rao, E. Padma and V. Sekhar ............................................................................. 133-139

Effect of root-knot nematode infestation on growth and biochemical parameters of Plectranthus rotundifolius 

(Poir.) Spreng

M. S. Nisha1 and P. Jaseena ................................................................................................................................. 140-148

Effect of soil properties and temperature on the nematode antagonistic potential of bacterial bioagent, Pasteuria 

penetrans against root knot nematode, Meloidogyne incognita

N. Swarnakumari .................................................................................................................................................. 149-154

Varietal reaction of onion cultivars against Alternaria porri causing purple blotch and its management

K. T. Arunakumara1 and C. Satyanarayana ......................................................................................................... 155-162

Survival and host range of Phytophthora capsici Leon under Karnataka conditions

G. M. Sandeep Kumar, S. Sriram, T. Narendrappa and R. S. Pavithra ................................................................. 163-171

Pre-and post-harvest management of sooty blotch disease of mango

Sangeetha Ganesan, Hari Shanka Singh, Debasish Biswal, Kundan Kishore, Petikam Srinivas and V.  Sudhakar Rao  

................................................................................................................................................................................ 172-185

Screening of F
1
 intergeneric hybrid progenies of papaya for papaya ringspot virus (PRSV) resistance

R. Jayavalli ............................................................................................................................................................ 186-192

Symptomatological, morphological and molecular validation of Colletotrichum gloeosporioides (Penz.) Sac. 

associated with leaf spot disease of arecanut

Nagesh and Nagarajappa Adivappar .................................................................................................................... 193-196



ix

A new casing formulation for enhancing yield of milky mushroom, Calocybe indica

C. Chandrashekara, Meera Pandey and D. Kalaivanan ...................................................................................... 197-202

An optimized substrate combination for cultivating exotic King oyster mushroom, Pleurotus eryngii

C. Chandrashekara and Meera Pandey ................................................................................................................ 203-207

RESEARCH NOTES

Ef昀椀cacy of newer insecticides against pomegranate thrips and natural enemies
R. F. Chaudhary, N. A. Patel, S. B. Patel, D. H. Padhiyar and J. N. Chaudhary .................................................. 208-210

Report on the incidence of apple and nut borer, Citripestis eutraphera (Meyrick) (Lepidoptera: Pyralidae) in 

cashew, Anacardium occidentale L. (Anacardiaceae) in South Gujarat

S. M. Chavan and S.g. Parmar .............................................................................................................................. 211-213

Field ef昀椀cacy of some newer insecticides along with biopesticides against major insect pests in broccoli
Hariharan Selvam, C. Narendra Reddy, D. Anitha Kumari, M. Venkateswara Reddy and G. Sridevi ................. 214-218

Hibiscus arnottianus (Family: Malvacea) - A new host plant record for leaf roller Haritalodes derogata Fabricius 

(Lepidoptera: Crambidae)

K. Selvam, S. Sowmiya and P. Kowsalya ............................................................................................................... 219-222

Evaluation of valifenalate 6 % + mancozeb 60 % WG against downy mildew of cucumber

A. S. Savitha1, K. Ajithkumar, and M. Renuka ...................................................................................................... 223-226



i

Editor’s Choice  (Vol. 30)  

PMHE @ 30

“30 Years….Old enough to look back and young enough to look forward”

-A wiseman’s word

Three decades is certainly an important milestone in the progressive journey of an organisation or a publication. 
Hence we have every reason to be proud that our journal ‘Pest Management in Horticultural Ecosystems (PMHE)’ and 
its parent organisation ‘Association for Advancement of Pest Management in Horticultural Ecosystems (AAPMHE)’ 
have successfully completed 30 years of glorious journey and are moving ahead with more zeal and energy. Now 30th 
volume of PMHE is in your hands.

Conceptualized and executed way back in 1994 by the highly enthused and visionary Entomologists and Nematologists 
of IIHR that time, the journal PMHE  had come a long way and today enjoys a wide patronage among plant protection 
fraternity across the country and overseas to. This would not have been possible but for the unstinted support and 
guidance of all Executive Council members of AAPMHE since its inception, the Editorial Advisory Board, researchers 
and scholars who had opted PMHE to publish their valuable research and reviewers.

PMHE has been a platform to eminent researchers as well as budding scholars to effectively disseminate their 
valuable research 昀椀ndings with high applied value in the 昀椀eld of pest management in horticultural crops. The journal 
has also been in forefront in reporting and spreading the awareness about the entry of serious invasive pests like Tuta 

absoluta, Aleurodicus rugioperculatus, Spodoptera frugiperda, Thrips parvispinus etc. The spectacular increase in 
the number of life members over the years re昀氀ects the growing patronization. Journal has made steady progress in 
terms of rating by NAAS to 5.14 and is being widely abstracted in all reputed Abstracting services. Aligning with the 
technological advancements and to achieve faster processing, journal has gone completely online shifting to the latest 
OJS platform.

The 昀椀rst Executive Council of AAPMHE with Dr. P. Parvatha Reddy as President deserves an applause for providing 
a strong foundation to the Society as well as the journal. At this juncture, I fondly recollect and acknowledge the 
unparalleled contributions of former Chief Editor, Dr. Abraham Verghese, who was instrumental in journal achieving  
phenomenal popularity and reach. The solid start given by the founder Chief Editor, Dr. P. L. Tandon is also highly 
appreciated and acknowledged. I place on record the constant support extended by the present Excuetive Counsil under 
the leadership of Dr. V. Sridhar that has immensly helped in PMHE’s progress.

My special appreciation and thanks to Dr. S. Sriram, Dr. G. Sangeetha and Dr. M. C. Keerthi, Associate Editors 
and Ms. Jishna and Ms. Komala, Editorial Assistants for their consistent support and help in improving the quality and 
timely publishing of journal.

The valuable support from the Director and the Administration of ICAR-IIHR, crucial in the successful journey 
of AAPMHE is sincerely acknowledged. The 昀椀nancial assistance from the ICAR to publish the journal is gratefully 
acknowledged. The cooperation of M/s Shreya Printers and M/s Navbharat Enterprises (earlier printers) in DTP 
work and printing hard copies of the journal is gratefully appreciated. Wish PMHE reaches still greater heights with 
encouragement and support from all stakeholders of crop protection in Horticultural Ecosystems.

P. V. RAMI REDDY

Chief Editor
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REVIEW ARTICLE

Exploration of bioagents tolerant to agrochemicals for better management of plant 

diseases

S. SRIRAM*1 ,  Y. GAURAV RAKHONDE1, 2 and M. L. SUPRIYA1, 2 

1Division of Crop Protection, ICAR-Indian Institute of Horticultural Research, Bengaluru, Karnataka, India 560089
2Department of Plant Pathology, University of Agricultural Sciences, GKVK, Bengaluru, Karnataka, India 560065

*E-mail: Subbaraman.Sriram@icar.gov.in

ABSTRACT: The exploration of bioagents that are compatible with agrochemicals is required for advancing 
sustainable agriculture by improving disease management while reducing reliance on chemical inputs. Integrating 
bioagents with agrochemicals offers several advantages, such as enhanced disease control, decreased agrochemical 
usage, and minimized environmental impact. Additionally, this approach mitigates resistance development in pathogens 
by providing a complementary layer of protection. Practical applications of this integration include the development 
of co-formulated products, optimization of application timing, and the use of advanced delivery systems to maintain 
bioagent ef昀椀cacy. Successful integration relies on thorough monitoring, adherence to regulatory standards, and ongoing 
innovation in formulation and application strategies. Ultimately, this exploration contributes to more sustainable and 
resilient agricultural systems by synergizing the strengths of bioagents and agrochemicals.

Keywords: Biocontrol agents, compatibility, fungicide, pathogen, resistance and sustainable agriculture.
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INTRODUCTION

Today, feeding the increasing population demands 
ef昀椀cient and sustainable agricultural practices which is 
a challenging aspect. The farmers are relying heavily 
on synthetic agrochemicals to manage plant diseases 
and prevent losses. The extensive use of agrochemicals 
has led to emergence of resistant pathogens and has 
residual effect on environment and human health. In this 
context, biocontrol agents (BCAs) have an alternative to 
conventional fungicides. Although BCAs put forward 
potential for disease management, their effectiveness 
can be limited by uncontrollable environmental factors. 
Combining BCAs with agrochemicals is expected 
to reduce fungicide usage and minimize residues on 
harvested crops. This strategy not only lowers the amount 
of fungicide but also employs diverse modes of action 
to reduce pathogen resistance, thereby mitigating risk of 
resistance development in agriculture (Ons et al., 2020).

Integration of BCAs with agrochemicals represents a 
signi昀椀cant advancement in modern agriculture, devised 
in modernizing disease management strategies while 
fostering environmental sustainability. With challenges 
such as fungicide resistance, environmental degradation, 
and need for ef昀椀cient resource use, it is crucial to 
explore BCAs that can work synergistically with 
agrochemicals. BCAs provide complementary means 
for managing diseases. When combined effectively with 
agrochemicals, BCAs can enhance control ef昀椀cacy, 

decrease reliance on chemical, and reduce negative 
environmental impacts and vital in optimizing disease 
management strategies and advancing integrated disease 
management (IDM) practices that balance productivity 
with ecological stewardship. Successful integration 
depends on the progress in developing innovative 
formulations, optimization of application methods, and 
adherence to regulatory standards, eventually leading 
to more sustainable and resilient agricultural systems 
(Wojtkowiak et al., 2006; Ons et al., 2020).

Importance and need

BCAs act with various modes of action to defend plants 
from various pathogens. They act indirectly through plant 
resistance induction or directly by parasitism, antibiosis, 
or competition for nutrients and space. Combining BCAs 
with fungicides has been shown to enable a reduction in 
dose or frequency of fungicide applications, contributing 
to more sustainable agricultural practices and supporting 
marketing strategies that emphasize low or zero-residue 
produce.

BCAs must be compatible with fungicides, as 
fungicides can potentially inhibit their growth. When 
incompatibility is there, application strategies such as 
temporal separation, alternation, or spatial separation 
can be employed, though such separation is challenging 
for antagonists that directly target pathogens. Research 
should be precisely focus on upgrading fungicide 
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resistant antagonists. Common biological resistance 
inducers combined with fungicides include Trichoderma 
sp. and Bacillus sp., offer long-lasting systemic effects 
that broaden disease control. While there is public 
concern about chemicals, those classi昀椀ed as Generally 
Recognized As Safe (GRAS) and chemical inducers 
of resistance are usually non-toxic to humans and the 
environment. Additionally, BCAs with long shelf-lives 
and stability offer signi昀椀cant advantages for supply chain 
and stock management.

BCAs compatible with agrochemicals 

Understanding compatibility between BCAs and 
agrochemicals is essential in upgrading BCAs and 
integrate them in disease management. Combining 
of BCAs in 昀椀eld depends on how agrochemicals are 
employed for other diseases.

Trichoderma along with 昀氀udioxonil extensively 
improved control of Fusarium sp. and increased survival 
rates of cone昀氀ower seedlings in greenhouses (Wang et 

al., 2005). Mancozeb was found extremely effectual in 
reducing F. solani mycelial growth and companionable 
with T. harzianum and T. viride at 0.05% and 0.1% 
concentrations (Singh and Varma, 2005). Integrating 
T. asperellum T8a with a low dose of captan provided 
greater in vitro growth inhibition of Colletotrichum 

gloeosporioides in mango (Peláez-Álvarez et al., 2016). 
Combining fungicides with BCAs like Trichoderma 
spp. can produce synergistic effects. Terrero et al. 
(2018) veri昀椀ed compatibility of Trichoderma spp. with 
azoxystrobin and copper hydroxide fungicides. Ruano 
et al. (2018) applied Trichoderma spp. with 昀氀uazinam 
to control Rosellinia necatrix in avocado and improved 
root rot control. Palmieri et al. (2022) showed combining 
Papiliotrema terrestris and B. subtilis with synthetic 
fungicides resulted in 95.5–97% control in 昀椀eld and 63–
91% in postharvest, with zero fungicide residues in fruit.

T. reesei C2A and T. harzianum with mancozeb 
improved mycoparasitic activity against F. 

oxysporum(González et al., 2020; Huilgol et al., 2022). 
Similarly, T. asperellum growth was supported by COC 
and mancozeb at 500 ppm (Maheshwary et al., 2020). 
Tolerance of Trichoderma strains to agrochemicals is 
attributed to a variety of factors, including changes in 
oxidoreductase and ABC transporter genes, contributing 
to resistance against dichlorvos, mancozeb, thiram, 
tebuconazole, and carbendazim (Hirpara et al., 2018; 
Sun et al., 2019; Hu et al., 2016). Compatibility of 
Trichodermato fungicides was attributed to its membrane 
pumps and detoxi昀椀cation mechanisms (Ruocco et al., 
2009). 

Rhodotorula mucilaginosa (Lv316) compatible with 
carbendazim, dimethomorph, mandipropamid, and 
azoxystrobin reduced disease incidence (Uribe-Gutierrez 
et al., 2022). R. mucilaginosa showed no sensitivity to 
dimethomorph and mandipropamidthat target cellulose 
synthesis in oomycete membranes, affecting cell wall 
structure and spore germination. Mandipropamid 
may inhibit cellulose synthase-like PiCesA3 (Blum 
et al., 2010). As yeast with chitin-based cell walls, 
R. mucilaginosa is not impacted by these fungicides 
(Bahmed et al., 2003). Notably, R. mucilaginosa Lv316 
exhibited high compatibility with carbendazim, which 
disrupts spindle formation during cell division in fungi 
(Yang et al., 2011), and possibly will also restrain 
respiratory and fermentative metabolism in yeasts (Chiba 
et al., 1987). Combining Pseudomonas 昀氀uorescens 
1, with azoxystrobin was more effective against of 
Botrytis cinerea, Colletotrichum capsici, and Leveillula 

taurica. P. 昀氀uorescens-16 showed compatibility 
with propiconazole, tebuconazole, tri昀氀oxystrobin 
+ tebuconazole, azoxystrobin, carbendazim, and 
carbendazim + mancozeb, based on its growth. It was 
rated as good at 100 ppm concentration and was highly 
compatible with both azoxystrobin and carbendazim + 
mancozeb combination (Anand et al. 2010). 

Carbendazim tolerant Trichoderma harzianum 
formulations were developed and tested effectively 
the management of groundnut root rot (Jalali et al. 
2012).  In Haryana, India, combining Pseudomonas 

昀氀uorescens, Mesorhizobium cicero, and Trichoderma 

harzianum with carboxin and thiram resulted in reduced 
wilt incidence along with highest seed germination, 
increased grain yield in chickpea (Dubey et al., 2015). In 
rice 昀椀eld, combination of T. harzianum, P. 昀氀uorescens, 
and carbendazim was found to be more effective against 
Magnaporthe oryzae than individual applications 
(Jambhulkar et al., 2018). Additionally, Piriformospora 

indica, a root endophytic fungus, not only suppresses 
Colletotrichum gloeosporioides but also promotes plant 
growth and was compatible with strobilurins, triazoles, 
carbendazim, and pencycuron. Especially, germination 
of chlamydospores was signi昀椀cantly higher with these 
fungicides (Amrutha et al., 2024). The more examples 
are mentioned in the Table1.

Copper induced Resistance in BCA

Bacillus subtilis applied with copper hydroxide 
(HCu) as part of an integrated strategy for citrus 
canker with active ingredients like cupric compounds 
shows potential consequences. Speci昀椀cally, alternating 
applications of B. subtilis QST 713 with HCu 

S. Sriram et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 1-11 (2024)
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signi昀椀cantly decreased incidence and severity of disease 
(Ibrahim et al., 2016). In 昀椀eld, foliar applications of HCu 
achieved highest reduction in citrus canker incidence. 
A new copper sulfate formulation, Bioactive Copper 
(BioCu) includes amino acids and peptides and contains 
about 19% Cu (BAYER, 2016). The combination of B. 

subtilis and BioCu gave a 76% reduction in citrus canker 
under low disease incidence and up to 21.8% reduction 
under high disease incidence. Moreover, products with 
amino acids in their formulations have been shown 
to positively impact citrus tree height, leaf area, and 

both fresh and dry leaf mass (Mustafa and El-Shazly, 
2015). Copper-based products can also trigger defense 
response in plants through post-formed biochemical 
factors. Treatment with BioCu, drastically ampli昀椀ed the 
PR-2 gene 24 hours after application, with this elevated 
expression persisting for at least 7 days. This enhanced 
and prolonged gene activation in citrus trees treated 
with BioCu, compared to standard copper formulations, 
may be attributed to presence of complexing agents and 
amino acids in BioCu's formulation (Ramos et al., 2022).

Table 1. List of compatible BCA with the agrochemicals

Biocontrol agent Compatible 

agrochemical

Target disease Reference

Fusarium oxysporum 

strain CS-20
Mefenoxam and 
mefenoxam + copper 

 Fusarium wilt of 
watermelon

Fravel et al. (2005)

Bacillus subtilis Difenoconazole Maydis leaf blight of corn  
(Bipolaris maydis)

Djaenuddin et al. (2021)

B. methylotrophicus TA-1 Fluopimomide Gray mold in tomato Ji et al. (2019)

F. solani Thiophanate-methyl, 
fenhexamid, cyprodinil, 
boscalid and mancozeb 

Fusarium crown and root 
rot disease in tomato.

Malandrakis et al. (2018)

Trichoderma asperellum Mancozeb, Azoxystrobin, 
Cymoxinil+Mancozeb, 
Metalxyl+Mancozeb

Pythium aphanidermatum, 

Pythium debaryanum, 

Sclerotium rolfsii Sr1, 
Sclerotium rolfsii Sr3, 
Fusarium oxysporum f.sp. 
lycopersici and Alternaria 

solani

Manjunath et al. (2017)

Trichoderma spp. Azoxystrobin and copper 
hydroxide 

Fusarium solani Terrero et al. (2018)

Trichoderma spp. Fluazinam Rosellinia necatrix in 
avocado

Ruano et al. (2018)

B. subtilis Bioactive Copper 
(BioCu) 

Citrus canker Mustafa and El-Shazly, 
(2015)

T. aggressivum f. 
europaeum

Kresoxim-methyl, 
Pencycuron and 
Cymoxanil

Sánchez-Montesinos 
et al. (2021)

T. asperellum  Captan and Mancozeb F.solani Parraguirre Lezama et al. 
(2023)

T. asperelloides Fosetyl Al,  Amisulbrom   
and  Cy昀氀ufenamid  

Downy mildew and 
powdery mildew in grapes

Saha et al. (2023)
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Piriformospora indica 

(Endophyte)

Strobilurins, strobilurins 
and triazoles, 
carbendazim and 
pencycuron 

Colletotrichum 

gloeospoiodes causing 
anthracnos in yard long 
bean 

Amrutha et al. (2024)

P. 昀氀uorescens 1  Propiconazole, 
tebuconazole, 
tri昀氀oxystrobin 
+ tebuconazole, 
azoxystrobin, 
carbendazim, 
carbendazim + mancozeb

Botrytis cinerea, 
Colletotrichum capsici, 
and Leveillula taurica

Anand et al. (2010)

T. asperellum T8a Captan Colletotrichum 

gloeosporioides in mango
Peláez-Álvarez et al. 
(2016).

Rhodotorula mucilaginosa 
(Lv316)

Carbendazim, 
dimethomorph, 
mandipropamid, and 
azoxystrobin 

Root rot Uribe-Gutierrez et al. 
(2022)

B. subtilis QST 713 HCu Citrus canker Ibrahim et al. (2016)

Rhodosporidium 

kratochvilovae (Yeast)
Boscalid or cyprodinil Blue mold caused 

by Penicillium expansum 
Lima et al. (2011)

T. virens Thiophanate-methyl Fusarium 

solani and Fusarium 

oxysporum in dry bean

Abd-El-Khair et al. 
(2019)

B. megaterium Carbendazim F. oxysporum in tomato Omar et al. (2006)  

B. subtilis Azoxystrobin Podosphaera xanthii 

causing Powdery mildew 

on zucchini

Gilardi et al. (2008)

Combination of P. 

昀氀uorescens, Mesorhizobium 

cicero and T. harzianum

 Carboxin and thiram F. oxysporum in chickpea Dubey et al. (2015)

Clonostachys rosea Prothioconazole F. graminearum and F. 

culmorum in wheat and 
barley

Bengtsson, (2020)

T. asperellum Copper oxychloride, 
Cymoxanil +Mancozeb, 
Mefenoxam+ Mancozeb 
and Cymoxanil  
+Famoxadone  

Collar rot of elephant foot 
yam, tuber rot of cassava, 
stem and root rot of 
cassava, yam anthracnose 
and taro leaf blight

Veena et al. (2022)

B. subtilis Tebuconazole Rice false smut Liu et al. (2023) 

Clonostachys rosea Fluxapyroxad and 
昀氀uopyram a succinate 
dehydrogenase inhibitors 
(SDHI) 

Tomato gray mold Song et al. (2022)
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Trichoderma 

asperellum SC012
Hymexazol Fusarium wilt in cowpea Zhang et al. (2021)

Yeasts and Lactobacillus Mancozeb and Ridomil 
gold

Mango anthracnose 
caused by Colletotrichum 

gloeosporoides

Fenta and Kibret. (2021)

Trichoderma harzianum Carbendazim Fusarium wilt in carnation 
and marigold

Kumawat et al. (2019)

Multidrug resistant concept

Exploiting multidrug resistance (MDR) concept 
in BCAs provides a tactical improvement in IDM. By 
engineering or selecting BCAs with MDR traits, these 
agents be able to carry on and function effectively 
despite presence of multiple pesticides, fungicides, or 
herbicides. This competence helps in reliable disease 
control, even in face of chemical use that cab otherwise 
weaken ef昀椀ciency. The MDR approach not only 
reduces need for excessive chemical use, promoting 
more sustainable agricultural practices, but also aids 
in managing resistance development in pathogens. By 
maintaining their biocontrol functions in chemically 
intensive environments, MDR BCAs contribute to more 
resilient and effective disease management systems, 
aligning with both productivity and environmental 
stewardship goals.

Techniques to develop agrochemical compatible BCA

Natural selection and breeding

The natural selection and breeding are important 
strategies in developing agrochemical compatible BCAs. 
Through the isolation and screening of naturally occurring 
strains with agrochemical exposure, identi昀椀cation of 
BCAs with inherent resistance traits can be exploited. 
The continuing exposure to agrochemicals in controlled 
surroundings promotes progression of tolerance, 
enabling assortment of robust isolates; however, once the 
selection pressure is withdrawn the tolerance to fungicide 
may come down. Hybridization of these robust isolates 
with other effective ones combines enviable traits, such 
as high biocontrol ef昀椀cacy with agrochemical resistance. 
Recurrent selection and backcrossing improve these 
hybrids, escalating constancy and performance. Field 
trials make lawful effectiveness of these bred BCAs, 
ensuring compatibility with agrochemicals and their 
overall role in disease control.

Mutagenesis

The BCAs improvement for Trichoderma sp. 
holds substantial potential, with prime focus on 
developing fungicide tolerant mutants, along with 
improved hydrolytic enzyme production. Developing 
new molecules needs huge investment and modern 
agriculture will more and more depends on BCA. With 
climate change, there is increasing need for microbial 
pesticides that withstands abiotic stresses with improved 
biocontrol abilities. While genetic engineering offer 
opportunity of creating novel strains and likelihood of 
these GMOs overcome regulatory barriers and being 
approved for 昀椀eld use remains low. As a result, mutation 
will hold decisive role in developing superior strains of 
Trichoderma and facilitating their approval as feasible 
alternative to chemicals.

Several Trichoderma strains have been developed 
using mutagenesis to boost biocontrol properties. UV 
ray mutagenesis improved Trichoderma sp. mutants 
to carbendazim tolerance which strongly inhibits 
Trichoderma with remarkable variations compared 
to wild-type strains in appearance, growth habits, 
soil survival, antibiosis, and disease control ef昀椀cacy 
(Papavizas and Lewis, 1983). Trichoderma sp. exposed 
to nitrosoguanidine and mutants selected on benomyl 
with superior rhizosphere colonization and biocontrol 
potential (Ahmad and Baker, 1988). Through a two-
step mutagenesis progression through UV and gamma 
radiation, Mukherjee et al. (1999) developed stable 
benomyl tolerant mutants of T. pseudokoningii having 
better biocontrol capabilities compared to wild ones. 
Through gamma-ray, benomyl-resistant mutants with 
enhanced mycoparasitic activity of T. virens with distinct 
colony morphology, increased production of secondary 
metabolites such as the antimicrobial viridin, and 
improved disease control potential was done (Olejnikova 
et al. (2010).

Bioagents tolerant to agrochemicals

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 1-11 (2024)



6

Genome shuf昀氀ing (GS)

Genome shuf昀氀ing (GS) is a noteworthy progression 
in combinatorial engineering, 昀椀rst introduced by 
Stemmer group in 2002. This method includes in 

vitro homologous recombination of pool of preferred 
mutant genes through random fragmentation (Zhang et 

al., 2002). Over traditional methods like mutagenesis 
and protoplast fusion, GS gives better competence for 
phenotypic improvement. The GS has accelerated strain 
upgrading processes through the recursive protoplast 
fusion between multiple parent strains, providing more 
hybrid strains. This approach allows for integration of 
advantageous traits from multiple parents, to achieve 
desired one in shorter period. Remarkably, two rounds 
of GS can bring about results that formerly necessary up 
to 20 years via classical improvement methods (Zhang et 

al., 2002; Gong et al., 2009).GS is multipurpose and not 
constrained to microbes with well characterized genetic 
backgrounds. It is a cost effective method without 
expensive facilities; a round of GS is comparable in 
cost to a cycle of protoplast fusion. The process is 
fairly uncomplicated and can be employed in most 
laboratories, which rely on protoplast fusion without 
classi昀椀ed as genetically modi昀椀ed (Zhang et al., 2002). 
This peculiarity enables it to keep away from public 
concern frequently allied with GMOs (Gong et al., 2009; 
Côrtes et al., 2021).

Genome editing

CRISPR-Cas technology offers an in昀氀uential tool 
for enhancing ef昀椀ciency of BCAs by editing their 
genomes to get better resistance to speci昀椀c fungicides. 
By employing CRISPR-Cas technology, researchers can 
bring in or boost resistance mechanisms within BCAs. 
Genome editing can be used to modify BCAs' metabolic 
pathways, allowing them to evade or counterbalance 
the fungicide's effects. CRISPR-Cas allows for de昀椀ned 
genome editing, ensuring modi昀椀cations are precise and 
do not upset other critical genes affecting BCAs role or 
compatibility with fungicides. Additionally, gene editing 
can design and construct synthetic metabolic pathways 
within BCAs to augment their ability to degrade or resist 
agrochemicals. The use of CRISPR in developing BCAs 
is subject to regulatory inquiry. Developing BCAs with 
resistance to fungicides must be cautiously managed to 
keep away from the potential for resistance development 
in pathogens as well.

Exploration of fungicide resistance mechanism

Fungicides are requisite for high value crops. 
Resistance to site speci昀椀c fungicides has predominantly 
been associated to target and non-target site mechanisms. 
These mechanisms change the structure or expression, 
disturbing fungicide ef昀椀ciency and resulting in diverse 
and varying resistance levels exploited in developing 
agrochemical compatible BCAs. 

Alterations of target site

Mutations correspond to abrupt inheritable changes 
in DNA, impacting an organism's response to fungicides. 
Non-synonymous mutations, outcomes in amino acid 
substitutions at target site of a fungicide, repeatedly 
lessen binding af昀椀nity of fungicide to its target enzyme. 
The genetic mutations are decisive in development 
of fungicide resistance. Resistance to site speci昀椀c 
fungicides like Quinone Outside Inhibitors (QoIs) can 
come up from a single point mutation in gene encoding 
target enzyme, imparts high-level resistance. QoI disrupts 
ATP production through disturbing electron transfer 
system, leading to demise of susceptible ones. However, 
mutations in cyt b alter binding site, preventing QoI from 
attaching to target protein and allows ATP synthesis in 
resistant ones (di Rago et al., 1989; Chopra et al., 2003).

On contrary, quantitative resistance have multiple 
genes providing resistance and typically develops 
progressively over time. This can occur with multisite 
fungicides or some single site fungicides. Fungi may 
develop quantitative resistance to demethylation 
inhibitors (DMIs) due to mutations in CYP51 gene, 
enhanced expression of  target site with altered ef昀氀ux 
pump action, or improved detoxi昀椀cation of fungicides 
(Hawkins and Fraaije, 2018). Reports frequently 
highlight point mutations at target sites linked to 
fungicide resistance. Organizations like Fungicide 
Resistance Action Committee (FRAC) and European and 
Mediterranean Plant Protection Organization (EPPO) 
make available comprehensive information on pathogen 
resistance to various fungicide classes, focusing chie昀氀y 
on point mutations linked with QoIs, MBCs, DMIs, and 
SDHIs.

Target site overexpression

Resistance to DMIs and MBCs (methyl benzimidazole 
carbamates), is commonly allied with overexpression 
of target genes. For DMIs, resistance mechanisms 
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frequently entail with enhanced expression of sterol 14 
alpha-demethylase gene CYP51. In Zymoseptoria tritici, 
high levels of resistance were associated with insertions 
in CYP51 gene promoter region (Lucas et al., 2015), in 
Cercospora beticola of beet and Monilinia fructicola of 
peaches, attributed to overexpression of CYP51 gene 
(Luo and Schnabel, 2008) while in Pyrenophora teres 
on oats, speci昀椀c mutation (F489L) in CYP51A gene 
provides overexpression and gives  resistance to DMIs. 
This overexpression subjected to genetic rearrangements 
or mutations in promoter region. Mycosphaerella 昀椀jiensis 
in bananas comprises parallel resistance patterns with 
changes in PfCYP51 gene promoter region show the way 
to heightened DMI resistance (Leroux et al., 2007). This 
mechanism of overexpression observed in Aspergillus 

昀氀avus, A. niger, A. parasiticus, and Pyricularia oryzae 
(Yan et al., 2011; Fan et al., 2013) but C. gloeosporioides 
shows DMI resistance through both mutations and 
overexpression of CYP51. In MBCs, resistance in C. 

acutatum in grapes is associated with overexpression of 
β-tubulin gene CaTUB1, regulated by CaBEN1 (Wei et 

al., 2020; Sun et al., 2013; Nakaune and Nakano, 2007). 
Overexpression of target genes remains a critical factor 
in developing resistance mechanisms against various 
fungicide classes.

Non-target site mechanisms

These mechanisms allow fungi to resist fungicides 
without changing their interaction with target site. Key 
non-target site resistance mechanisms comprise drug 
ef昀氀ux transporters, CYP51 paralogs, mitochondrial 
heteroplasmy, alternative respiration pathways, altered 
sterol metabolism, detoxi昀椀cation processes, stress 
response regulation, quantitative resistance effects, 
and transcription factors (TFs). Resistance to DMIs 
is predominantly diverse and often associated with a 
variety of non-target site mechanisms. Key non-target 
site mechanisms comprise overexpression of drug ef昀氀ux 
pumps, improved detoxi昀椀cation, and CYP51 paralogs 
existence. A noteworthy terror with non-target site 
resistance is its ability to award cross-resistance to a 
variety of fungicides with varied modes of action. This 
occurs because resistance mechanism affected fungicide 
detoxi昀椀cation or transport pathways rather than 
fungicide’s target protein. Thus, non-target site resistance 
might comprise a negligible impact on fungal 昀椀tness, 
allowing resistant populations to persist and spread 
even in absence of fungicides. This poses a confront 
for fungicide management and underscores necessitate 
for developing ef昀椀cient IDM strategies (Dorigan et al., 
2023). 

In developing agrochemical companionable BCAs, 
understanding non-target site resistance mechanisms 
might leveraged to add on ef昀椀cacy and robustness 
of BCAs. By targeting or bypassing these resistance 
mechanisms, researchers can design BCAs that remain 
effective against resistant fungal populations. This 
approach not only improves disease control but also 
integrates BCAs more effectively into offered agricultural 
practices, contributing to IDM and reduced reliance on 
chemical fungicides.

CONCLUSION 

In conclusion, looking at compatible BCAs with 
agrochemicals is imperative in advancing modern 
agriculture. As reliance on synthetic agrochemicals 
intensi昀椀es, the associated risks of resistance 
development, environmental impact, and human health 
concerns highlights urge for alternative or supplementary 
management strategies. Effectual integration requires an 
inclusive understanding of interactions between BCAs 
and agrochemicals to optimize their joint effectiveness 
while preventing downbeat impacts on BCAs 
performance. By exploring and developing compatible 
BCAs, expansion in disease management systems can 
be seen, delays resistance development, and promote 
sustainable agricultural practices. The research should 
also further focus on fungicide resistant antagonists and 
their bypass mechanism to exploit it in various ways. 
The Central Insecticide Board (CIB) and FRAC have to 
look into the concept and frame guidelines for the proper 
implementation. Thus, compatibility of BCAs with 
agrochemicals will help in IDM.
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INTRODUCTION 

India is considered as a megadiverse nation because of 
its vast diversity of 昀氀ora and fauna (Roy and Roy, 2015). 
It is based at the triad junction of the Indo-Malayan, 
Afrotropical and Palearctic realms because of which the 
rich biological diversity has been encouraged (Newton 
and Dale 2001). India has 10 biogeography zones 
including twenty-four provinces of biota (Rodgers and 
Panwar 1990; Rodgers et al. 2000) and four biodiversity 
hotspots (Myers et al. 2000). Chhattisgarh is one such 
state which comes in the Chota Nagpur province of 
Deccan Peninsula biogeography zone. The state possesses 
a rich biodiversity with around 44% of its area under 
forest cover. Three different agroclimatic zones namely 
the Northern Hills zone (28.0%), the Chhattisgarh Plains 
zone (51.0%) and the Bastar Plateaus zone (21.0%) are 
found in Chhattisgarh (Anonymous, 2019). Very few 
studies have been conducted to study and document any 
arthropod (insect) fauna of Chhattisgarh. 

Chalcidoidea is a tremendous diverse superfamily 
of Apocrita suborder (Hymenoptera) comprising of 23 
families (Heraty et al., 2013; Askew and Mifsud, 2016). 
Members of the family Chalcididae are easily noticeable 
due to the presence of numerous teeth on the ventral 
edge of their enlarged hind femora, strong punctation 
of the thorax and a sharp posterior carina bordering the 
gena (Narendran and van Achterberg, 2016). Members 
of Chalcididae often parasitize on various other insects, 
mainly in their pupae (Narendran and van Achterberg, 
2016). The family currently includes 87 genera and 

1,464 species placed in 昀椀ve subfamilies namely 
Chalcidinae, Dirhininae, Epitraninae, Haltichellinae 
and Smicromorphinae.  Although taxonomic studies 
on Indian Chalcididae (Narendran, 1989) are available 
but such an enormous study to document and compare 
Chalcididae diversity with respect to its natural 
ecosystem and agroecosystem habitats in Chhattisgarh 
state has not been done before. 

MATERIALS AND METHODS

Extensive surveys were undertaken and the last 昀椀ve 
years i.e. from 2019 – 2023 were considered to document 
chalcidid wasps from the three different agro-climatic 
zones of Chhattisgarh state. Rigorous collections were 
done from different agriculture college farms, KVKs, 
wildlife sanctuaries and National Park, etc. Permission 
to collect samples was accorded from the Fig. 1. Of昀椀ce 
of the Principal Chief Conservator of Forests (Wildlife 
Management & Bio-diversity Conservation cum-Chief 
Wildlife Warden) Chhattisgarh via letter no. 4369 and 
806, dated 30/11/2021 and 17/02/2023, respectively.

Sweep net and yellow pan traps were used to collect 
the samples. The sampling was done by laying 100 
Moericke traps at each site generally for a period of 
one week. The obtained samples were transferred to a 
container having 70% alcohol. After being killed, the 
chalcidid wasps were brought to lab; curated, labelled 
and secured in fumigated insect boxes. Specimens were 
later on examined under a Leica MZ16A stereo – zoom 
microscope and identi昀椀ed up to the species level using 
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Joseph et al. (1973), Bouček and Narendran (1981), 
Narendran (1989), Narendran & van Achterberg (2016) 
and others. The identi昀椀ed specimens have been deposited 
in the National Insect Museum (NIM) of ICAR- National 

Bureau of Agricultural Insect Resources, Bangalore, 

India. 

Statistical analysis 

Alpha or species diversity of each site was estimated 

using the following ecological indices: - 

• Simpson’s Diversity Index (SDI) = 1-D where D = 

Simpson’s Index.

• Simpson’s Index (D) = Σn (n-1) / N(N-1) where 

n = number of a species’ individuals and N = total 

number of all species’ individuals. 

Simpson’s Diversity Index is given by subtracting the 

value of Simpson’s index from 1. The index value varies 

from 0 to 1, with 1 representing in昀椀nite diversity and 0 
representing no diversity, respectively. SDI is a diversity 

measure which takes into consideration both the number 

of species present and the relative abundance of each 

species (Simpson, 1949). 

• Shannon-Wiener index (H’) = – ΣPi ln (Pi) where 

Pi = S / N; S = number of a species’ individuals, 

N = total number of all species’ individuals, ln = 

logarithm to base e. The greater the value of H’, the 

higher the diversity (Shannon and Wiener, 1949). 

• Margalef index α = (S – 1) / ln (N) where S = total 

number of species, N = total number of all species’ 

individuals (Margalef, 1958). 

• Pielou’s Evenness Index E1 = H’ / ln (S) where H’ 

= Shannon-Wiener diversity index, S = total number 

of species in the sample (Pielou, 1966). As species 

richness and evenness increase, diversity also 

increases (Magurran, 1988). 

RESULTS AND DISCUSSION 

A total of 354 specimens belonging to eleven 

genera under four subfamilies and 70 species were 

examined during the study period. The chalcidid wasps 

belonged to Chalcidinae, Dirhininae, Epitraninae and 

Haltichellinae subfamilies. The subfamily Haltichellinae 

(n = 226, 64.0%) with 41 species under 7 genera was 

the most abundant followed by subfamily Dirhininae 

(n = 69, 19.0%) subfamily Chalcidinae (n = 46, 13.0%) 

with 16 species in one genus and Epitraninae (n = 13, 

4.0%) represented by 5 species under one genus. In 

the year 2019-2020, the genera Antrocephalus Kirby, 

Brachymeria Westwood, Dirhinus Dalman, Haltichella 

Spinola, Hockeria Walker, Kriechbaumerella Dalla 

Torre and Psilochalcis Kieffer were recorded from both 

the ecosystems and can be considered as the generalists 

(Table 1). In the year 2019 – 2020, Chalcidid wasp’s 

genus Brachymeria Westwood, Dirhinus Dalman 

and Kriechbaumerella Dalla Torre were the most 

speciose with 4 species each in the natural ecosystems; 

Fig.1. Map showing sites of sample collections

Minz et al.
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Brachymeria Westwood was the most speciose with 9 

species in the agroecosystems. In the year 2021 – 2023, 

Antrocephalus Kirby was the most speciose with 7 

species in the natural ecosystems and 10 species in the 

agroecosystems. Dirhinus himalayanus Westwood and 

Dirhinus auratus Ashmead were the most abundant 

species in natural ecosystems (n = 7; 14.29%) whereas 

Antrocephalus cariniceps Cameron was the most 

abundant species in agroecosystems, (n = 16; 14.81%) 

in the year 2019 – 2020. Antrocephalus validicornis 

Holmgren was the most abundant species in natural 

ecosystems (n = 10; 15.15%) whereas Dirhinus anthracia 

Walker was the most abundant species in agroecosystems 

(n = 15; 11.45%) in the year 2021 – 2023 (Table 1).

Out of 354 examined specimens, 156 specimens 

were reported from the collections of 2019 – 2020 that 

belonged to 42 species of 10 genera under 4 subfamilies 

from the two different ecosystems whereas 198 specimens 

belonging to 56 species, 9 genera and 4 subfamilies were 

recorded from Chhattisgarh’s two different ecosystems 

in 2021 – 2023. In 2019 – 2020, comparatively higher 
species diversity and low abundance of Chalcididae was 
observed in the natural ecosystems (H’ = 2.71, α = 4.88) 
whereas agroecosystems (H’ = 1.71, α = 7.48) had low 
species diversity and higher abundance. In the natural 
ecosystems, comparatively higher species diversity and 
low abundance (H’ = 0.78, α = 7.40) was observed than 
the agroecosystems (H’ = 0.63, α = 8.62) that had low 
species diversity and higher abundance in 2021 – 2023 
collections. Chalcididae species was comparatively more 
abundant and evenly distributed in natural ecosystems 
(SDI = 0.94, E1 = 0.90) than agroecosystems (SDI = 
0.95, E1 = 0.48) that was less abundant and unevenly 
distributed in 2019 – 2020. During 2021 – 2023, 
Chalcididae species was comparatively more abundant 
and evenly distributed in natural ecosystems (SDI = 0.96, 
E1 = 0.22) and less abundant and unevenly distributed in 
agroecosystems (SDI = 0.96, E1 = 0.17). 

CONCLUSION

Because of the many strata between the ground and 
canopy, the structural variability of forest stands provides 
a vast number of ecological niches that support species 
diversity and structural richness has a signi昀椀cant impact 
on forest biodiversity. Similar research on Chalcididae 
from the state has also demonstrated that, in comparison 
to natural ecosystems, chalcidid wasps diversity is often 
lower in agroecosystems (Alisha et al. 2020). This study 
emphasizes the importance of the forest ecosystems 
for chalcidid wasps as well as the lack of studies on 
Chalcididae documentation across different ecosystem 

and habitats in the Central region of India. Further 
studies should be encouraged in the country to document 
and improve our knowledge of Chalcididae diversity 
and distribution. More data and information on chalcidid 
wasps will enable us to use them as potential biological 
control agents in Integrated Pest Management strategies 
for agroecosystems.
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ABSTRACT: Earwigs (Dermaptera) are omnivorous insects distributed worldwide. Their ecological role in agricultural 
cropping ecosystem is not fully understood. The present study explores the ecological role of two black earwig species in 
arecanut ecosystem. In the present study, two species of earwigs were collected and found predating on arecanut in昀氀orescence 
caterpillar, Thirathaba sp. (Lepidoptera: Pyralidae) for the 昀椀rst time from India. Further, survey was conducted in the major 
arecanut growing regions of Karnataka from 2021-23 to explore the diversity of earwigs. Results revealed the occurrence 
of two black earwig species viz., Chelisoches brevipennis and C. morio (Chelisochidae). Among them C. brevipennis is 
a new record from south India. The species were morphologically identi昀椀ed and an illustrated identi昀椀cation key to both 
the species was provided. Further study con昀椀rmed the predatory role of earwigs on arecanut in昀氀orescence caterpillar 
implying a signi昀椀cant potential for use in biocontrol. The current study reported two species of earwigs C. brevipennis and  
C. morio from arecanut ecosystems which were observed as ef昀椀cient predators on arecanut in昀氀orescence caterpillar.
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INTRODUCTION

Earwigs are a moderately diversi昀椀ed group of insects 
which comprise approximately 1,900 species distributed 
mainly in tropical and subtropical parts of the world 
(Hopkins et al., 2018). The previous taxonomic study 
by Srivastava (2013) reported 284 species from India. 
Earwigs are omnivorous insects that may be considered 
as helpful organisms within agro ecosystems (Van Huis, 
1981; Jones et al., 1988; Gravena and Da Cunha, 1991; 
Mariani et al., 1996). The bene昀椀cial actions of earwigs 
in many crops of economical relevance have been 
described previously by Buxton (1974) and Canellas 
et al. (2005). Chelisoches is an important genus of the 
family Chelisochidae belongs to the order Dermaptera. 
Chelisoches includes only two species in India viz., C. 

brevipennis and C. morio. Owing to their ecological and 
behavioural observations in agricultural ecosystem they 
are considered as the important predators of insect pests 
(Zhong et al., 2016; Li et al., 2011). The adults of these 
two species have been reported to predate on different 
stages of coconut leaf beetle, Brontispa longissima 
in Thailand and Philippines (Chomphukhieo et al., 
2008). The extensive work of Srivastava (2013) mainly 
concentrated on taxonomy of Dermaptera and there was 
no publishised information about the ecological role of 
earwigs in different crops. Karthik et al. (2022) recently 
reported one new species from sugarcane crop which 
shows the importance of taxonomy of Dermaptera in 

India. There is a need to study earwig species distribution, 
status, and role in agricultural and horticultural cropping 
systems (Karthik and Kalleshwaraswamy, 2023; 
Kamimura et al., 2022). The present study emphasizes 
the species composition and ecological role of earwigs 
as predators in arecanut cropping ecosystem.

MATERIALS AND METHODS

Survey was done in the major arecanut growing 
regions of Karnataka covering Chitradurga, Shivamogga, 
Mysore, Chikkamangalore and Davanagere from 2021 
to 2023. From all the surveyed regions, the earwig 
samples were collected in 70% ethanol and brought to 
laboratory. For the morphological identi昀椀cation, the 
specimen was examined under a Stemi 508 stereozoom 
microscope (Carl Zeiss Microscopy GmbH, Jena, 
Germany). Photographs of the habitus and external 
body parts were taken under an M205C stereozoom 
microscope attached with a DFC450 camera (Leica, 
Wetzlar, Germany). The male genitalia were removed 
by gently lifting the penultimate abdominal sternite, 
pulling out from the genital chamber with forceps, and 
cutting at the site of attachment to the ejaculatory ducts. 
The genitalia were processed by submersion in 5% KOH 
for two days for clearing tissues and mounted on a glass 
slide with glycerol. Photographs of dissected genitalia 
were taken an M205C stereozoom microscope attached 
with a DFC450 camera. The terminology of Kamimura 
(2014) was adopted to describe male genital structures 
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of the species collected. The species were identi昀椀ed by 
using keys developed by Srivastava (2013) and a revised 
key with illustrations and additional morphometric 
measurements were provided for easy identi昀椀cation. The 
additional taxonomic characters with digital images were 
provided for quick and reliable identi昀椀cation of earwigs. 

Arecanut in昀氀orescence infested with in昀氀orescence 
caterpillar stages such as larvae, pupae including 
earwigs were brought to laboratory and separated 
manually. Larvae were reared in plastic containers 
(15 cm x 8 cm) covered with muslin cloth and 
provided with fresh in昀氀orescence pieces for feeding. 
The pupae were placed individually in glass tubes  
(15 cm x 1.5 cm) covered with a cotton plug till the 
emergence of adult moth. Once the moths are emerged, 
they are morphologically identi昀椀ed up to the genus 
level. The voucher specimens were deposited at Insect 
Systematics Laboratory, Department of Entomology, 
College of Agriculture, Shivamogga.

In order to assess the predatory potential, early instar 
larvae of Thirthaba sp. were kept in insect breeding 
dish (Himedia, TCP030- 90 × 40 mm dia) and the 
active adults of Chelisoches species were released into 

insect breeding dish to test their predatory ef昀椀ciency 
of earwigs. Initially the earwigs were collected from 
the 昀椀eld were pre-starved for 3 to 4 days. After four 
days, one adult earwig (n=10) was released into insect 
breeding dish (Himedia, TCP030- 90 × 40 mm dia) 
containing 昀椀ve early instar larvae of in昀氀orescence 
caterpillar. Then, after 48 hours of release predation of 
earwigs on Thirthaba sp. was con昀椀rmed by counting 
the number of larvae remained in insect breeding dish  
(Himedia, TCP030- 90 × 40 mm dia).

RESULTS AND DISCUSSION

From arecanut in昀氀orescence infested with caterpillar, 
a total of 42 earwigs were collected. Out of them, 
12 were males and 21 were females and nine were 
nymphs. Based on the keys of Srivastava (2013), they 
were identi昀椀ed as two species of Chelisoches viz.,  
C. brevipennis and C. morio. It appears that they co-
existed as both the species were found in a single infested 
in昀氀orescence (Fig 1e). During the survey (2021-2022) 
to different arecanut growing regions of Karnataka two 
species of black earwigs were collected and identi昀椀ed 
as C. morio and C. brevipennis. In India little published 
information available on the ecological role of earwigs 

Fig.1. Habitus of earwigs in arecanut ecosystems; a) Earwigs within unopened in昀氀oresence; b) Earwigs with in spadix; 
c) Half decayed in昀氀oresencce; d) and e) Ants and earwigs on in昀氀oresence; f) Earwig feeding on Thirathaba larvae

C. M. Karthik et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 23-29 (2024)



25

in different cropping ecosystem. The present study 
highlights the predatory role of black earwigs on 
arecanut in昀氀orescence caterpillar. Different species of 
earwigs are the ef昀椀cient predators of many lepidopteran 
insects (Schlinger et al., 1959). Chomphukhieo et al. 
(2008) observed the predation of C. morio on coconut 
leaf beetle, B. longissima

Taxonomy

Order Dermaptera de Geer, 1773
Infraorder Epidermaptera Engel, 2003
Parvorder Eteodermaptera Engel, 2003
Nanorder EudermapteraVerhoeff, 1902
Family Chelisochidae Verhoeff, 1902

1. Chelisoches brevipennis Borelli, 1923

Diagnosis

Body dark black in colour (Fig 2a), measures 14.16 
mm length without forceps. Head triangular, frons 
moderately and occiput distinctly raised, median suture 
deep, dividing occiput into two halves, measures 1.84 mm 
length and 2.00 mm width (Table 1). Eyes distinct, shorter 
than the post-ocular length. Antennae 19-segmentd or 

more 昀椀rst segment stout, slightly expanded apically, 
shorter than the distance between antennal bases; second 
short, about as long as broad; third about twice as long 
as broad; fourth subclavate, slightly shorter than third; 
昀椀fth and sixth segments subclavate, remaining gradually 
increasing in length (Fig 2b). Pronotum slightly broad, 
measures 1.69 mm length and 1.84 mm width (Table 
1) anterior margin convex, lateral margin straight and 
posteriorly widened, hind margin and angles rounded; 
differentiated prozona and metazona. Sternal region of 
body depressed (Fig 2d); well developed elytra, sparsely 
punctate. Wings little projecting beyond elytra (Fig 2c), 
tegmen measures 4.31 mm length and 3.08 mm width 
(Table 1). Legs typical, hind tarsi with 昀椀rst segment 
about as long as third segment, on underside covered 
with thick pubescence (Fig 2e). Abdomen apically 
widened, punctate, convex tergites, lateral folds on third 
weakly and on fourth distinctly marked. Penultimate 
sternite rounded with little emargination in middle (Fig 
1f). Ultimate tergite transverse and measures about 2.77 
mm width (Table 1), disc faintly punctate, convex, tumid 
above the bases of forceps, in between little depressed 
with two pairs of compressed tubercles, their inner 
pair larger and contiguous, laterally above the bases of 

Fig.2. Chelisoches brevipennis Borelli, 1923; a) Habitus; b) Antenna; c) Pronotum, tegmina and wings; d) Thoracic 

sterna e) Right foreleg; f) Penultimate sternite and forceps; g) Genitalia

Morphological description and predatory potential of earwigs
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forceps oblique and hind margin trisinuate. Slanting 
pygidium, with bilobes and narrowed apically. Forceps 
branches (Fig 2f) depressed, stout, straight, apices gently 
incurved, inner margin of forceps armed with blunt 
tooth, but posterior one smaller, branches comparatively 
longer, less stout, variable internal armature with 
minute teeth in two thirds of base followed by another 
larger one in apical one third. Forceps measures about 
2.46 mm length (Table 1). Genitalia with parameres 
slightly enlarged externally in middle and with a slight 
emargination before spex (Fig 2g); virga tubular, short, 
without accessory plates at base.

Material examined: 1. INDIA, Karnataka, Davanagere, 
Channagiri, 14°1’36”N, 75°54’52”E, 636m, 29.vi.2022, 
Coll. Karthik, C. M., ex. Arecanut. 2. INDIA, 
Karnataka, Shivamogga, 13°35’22”N, 75°17’58”E, 
680m, 22.vii.2022, coll. Karthik, C. M., ex. Arecanut). 
3. INDIA, Karnataka, Chikkamangalore, Koppa, 
13°32’48”N, 75°24’7”E, 724m, 1.x.2021, Coll. Karthik, 
C. M., ex. Arecanut.

2. Chelisoches morio (Fabricius, 1775)

Diagnosis

Stout body measures 6.46 mm length without forceps 
(Table 1). Black colour with intermediate shades (Fig 
3a); two pre apical antennal segments yellow and tarsi 
brownish. Head slightly convex, triangular with obsolete 
sutures, hind margin emarginated, measures 0.07 mm 
length and 0.09 mm width (Table 2). Eyes slightly 
shorter than post-ocular length. Antennae 21-segmented, 

昀椀rst stout, about as long as the distance between 
antennal bases, little expanded apically; second segment 
short, about as long as broad; third segment long and 
gently expanded apically; fourth segment shorter than 
preceding one, subclavate; 昀椀fth slightly longer than the 
昀椀fth, subclavate, remaining segments length gradually 
increasing, each segment gently expanded apically 
(Fig 3b). Pronotum about as long as broad, somewhat 
widened posteriorly, rounded hind margin, median 
sulcus distinct (Fig 3c), measures 2.00 mm length and 
2.15 mm width (Table 1); convex prozona and depressed 
metazona. Depressed ventral side of the body (Fig 3d). 
Well developed elytra and wings, tegmen measures 4.92 
mm length and 3.23 mm width (Table 1). Underside of 
tarsi covered with golden pubescence (Fig 3e). Elongated 
abdomen, lateral margin gently widened in middle, 
tergites slightly convex, 昀椀nely punctate, hind margin of 
tergites with a row of compressed tubercles, lateral folds 
on third tergite weakly and on fourth marked distinctly. 
Penultimate sternite with rounded posterior margin and 
slight emargination in middle (Fig 3f). Ultimate tergite 
transverse, disc slightly convex, sloping backwards, 
low folds above the forceps base and between a pair of 
compressed tubercles, contiguous, inner pair smaller, 
outer pair larger on inner margin of folds above the 
bases of forceps, trisinuate hind margin, hind margin 
on lateral side oblique, ultimate tergite measures about 
2.77 mm width (Table 1). Pygidium declivitous, hind 
margin truncate or emarginated slightly. Forceps with 
branches stout measures 4.15 mm length (Table 1), 
elongated, depressed, gradually tapering and incurving 
at tip, deplanate internally in basal half, followed by one 

Table 1. Morphometric measurements of C. brevipennis and C. morio

C. brevipennis (Male) C. morio (Male)

Length Measurement in mm Length Measurement in mm

Body without forceps 14.16 Body without forceps 15.09

Head 1.84 Head 1.69

Pronotum 1.69 Pronotum 2.00

Tegmen 4.31 Tegmen 4.92

Forceps 2.46 Forceps 4.15

Width Width

Head 2.00 Head 2.00

Pronotum 1.84 Pronotum 2.15

Tegmen 3.08 Tegmen 3.23

Ultimate tergite 2.77 Ultimate tergite 2.80

C. M. Karthik et al.
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Fig.3. Chelisoches morio (Fabricius, 1775); a) Habitus; b) Left antenna; c) Pronotum, tegmina and wings; d) Thoracic 

sterna e) Right foreleg; f) Penultimate sternite and forceps; g) Genitalia

Table 2. Predatory ef昀椀ciency of earwig, C. brevipennis and C. morio on larvae of Thirathaba sp. 

Predatory potential of C. brevipennis

Particulars Mean no. of larvae Standard deviation variance t value df P- value

Pre count 5.00 0.00 0.00 3.25 9 < 0.01

Post count 1.60 0.69 0.48

Predatory potential of C. morio

Pre count 5.00 0.00 0.00 3.25 9 < 0.01

Post count 2.10 0.73 0.54

(SD- Standard deviation, df – Degrees of freedom,*Mean of ten observations)

or two teeth; short, internal margin with one or two teeth 
at base and minute teeth in middle, internal position of 
teeth variable. Genitalia with parameres narrow (Fig3g), 
external dilation in middle slight; thick, short tubular 
virga. 

Material examined: 1. INDIA, Karnataka, Mysore, 
Hunsur, 12° 18’ 3.39’’ N 76° 17’ 18.45’’ E, 792m, 
29.vi.2022, Coll. Karthik, C. M., ex. Arecanut. 

Bio ecology

The earwig specimens were collected from Tirathaba 

sp. infested in昀氀orescence of arecanut. They were known 

to breed inside the arecanut in昀氀orescence due to their 
concealed habitat and availability of enough moisture 
within the unopened spadix, possibly taking advantage 
of protective and cool environmental condition.

Key to Chelisoches species known from India 

(Modi昀椀ed from Srivastava, 2013)

1(2). Genitalia with parameres slightly emarginated 
near apex (Fig 2g), forceps having blunt teeth at 
middle; posterior part of pygidium with distinct notch 
(Fig 2f) ...................................................... C. brevipennis

Morphological description and predatory potential of earwigs
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2(1). Parameres not emarginated near apex (Fig 3g), 
forceps having internal armatures in basal half with 
internal margin crenulate; posterior part of pygidium 
truncated (Fig3f) ................................................ C. morio

Predatory potential of black earwig C. brevipennis on 

in昀氀orescence caterpillar

Earwigs were collected from the in昀氀orescence which 
is at maturity stage (Fig 1a and 1b). Due to attack by 
the Tirathaba sp. in昀氀orescence was in half decayed 
condition (Fig 1c) with actively moving earwigs inside 
and holding Tirathaba sp. larvae with forceps. So the 
predation of C. brevipennis and C. morio on larvae of 
arecanut in昀氀orescence caterpillar, Tirathaba sp. (Fig 
1f) was studied in laboratory condition. The results 
indicated that, there was a signi昀椀cant difference in 
the number of larvae released into the insect breeding 
dish to the number of larvae remained in the insect 
breeding dish after predator release. The number of 
larvae released into insect breeding dish before predator 
release was (5.00±0.00) but after 48 hours of predator 
C. brevipennis activity the larval population had been 
reduced (1.60±0.69) indicating effective predation of C. 

brevipennis on Tirathaba sp. [t(9) = 3.25] (Table 2). 

Predatory potential of black earwig C. morio on 

in昀氀orescence caterpillar

Similarly, same results were obtained in case of 
C. morio which actively predated signi昀椀cant number 
of Tirathaba larvae (2.10±0.73) in the insect breeding 
dish to the released larvae into insect breeding dish 
(5.00±0.00) before predator release (Table 2). Earlier, 
Zhong et al. (2016) reported predatory role of C. morio 
on larval stage of Tirathaba ru昀椀vena, a pest of palms in 
Southeast Asia and China. These black earwigs are robust 
and larger in size and attack the in昀氀orescence caterpillar 
with forceps, holding the larvae and starts feeding on it. 
These preliminary results indicated that, C. morio and C. 

brevipennis adults were able to predate on early instars 
larvae of Tirathaba sp. Previous studies by Zhong et al. 
(2016) con昀椀rmed the preference of C. morio on younger 
and smaller larvae, but that they had poor ability to feed 
on the later instar larvae. This difference may be due to 
the fact that later instar larvae are able to spin silken webs 
which could restrict black earwig activity. In majority of 
opened arecanut in昀氀orescence we noticed the activity 
of ants and earwigs within the sheath (Fig 1d &e). 
Most probably ants are attracted to the sugary exudates 
from the in昀氀orescence. The ecological role of ants and 
possible relation either with in昀氀orescence caterpillar 
and earwigs need to be studied. Naranjo-Guevara et 

al. (2017) recent studies reported that some herbivore 
induced plant volatiles attract some predatory earwigs. In 

the present study earwigs may attracted towards arecanut 
in昀氀orescence due to herbivore induced plant volatiles 
released due to damage by in昀氀orescence caterpillar. 
Further studies should focus on this tropic interactions 
and their signi昀椀cance in different crop ecosystems. It has 
been reported that C. morio predates red palm weevil 
eggs and young larvae (Abraham and Kurian, 1974) 
and hence here in this there is a need of observation 
for establishing relationship in arecanut ecosystem.  
Similarly, C. morio is an important predator feeds on 
eggs and different stages of Brontispa. It was commonly 
associated with B. longissima in majority of plantations 
and complements Tetrastichus brontispae and other 
biocontrol agents (Li et al., 2011). The management of 
Tirathaba sp. by insecticide spray is often cumbersome 
because larvae occur within the concealed spathe and 
inaccessible parts of the plant. Hence, it is imperative to 
look for alternative pest management strategies. These 
natural enemies are potential candidates to successfully 
check the pest population. In future, these two potential 
biocontrol agents viz., C. morio and C. brevipennis could 
ef昀椀ciently be utilized for suppressing Tirathaba sp. and 
further strengthens the biocontrol research in arecanut 
pest management.
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Facultative bacterial diversity associated with silverleaf white昀氀y, Bemisia tabaci 

(Gennadius) on tomato crop
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ABSTRACT: The adults and nymphs of Bemisia tabaci (Gennadius) were collected on tomato crop from different 
locations during 2021-2023. Bacterial colonies were isolated from adults and nymphs of B. tabaci using spread-plate 
technique and identi昀椀ed through 16srRNA sequencing. Nymphs showed high (55%) abundance of bacteria than adults 
(45%). 63.64% of the bacterial population in the nymphs belong to the phylum Bacillota followed by pseudomonadota 
(36.36%). In adults, Bacillota found dominant (100%). The class bacilli were dominant in both nymphs and adults 
(63.64 and 100% respectively). In the nymphal stage Bacillales was dominant order (54.55%). Similarly, in adults also 
Bacillales was found dominant (77.79%). Bacillaceae was abundant in nymphs (45.45%) and in adults same family 
accounted for 66.67%. The genus Bacillus was dominant in both nymphs (45.45%) and adults (55.55%). The species, 
B. licheniformis, B. pumilus, B. safensis and Staphylococcus saprophyticus were found common between adults and 
nymphs.

Keywords: 16srRNA, Bacillus, Bemisia tabaci, Facultative bacteria

INTRODUCTION 

White昀氀y (Hemiptera: Aleyrodidae) is one of the 
most economically important groups of pests with 
global distribution and very wide range of host plants 
(Kanakala and Ghanim, 2019). It causes damage in an 
active way by acting as vector for various plant viruses 
(Begomovirus, Crini virus, Clostero virus etc.) and 
passively by encouraging sooty mould deposits on plants 
through honeydew secretion (Head and Savinelli, 2008). 
Later, the sooty mould formed by the honeydew secreted 
by them leads to the closing of stomata as a result the 
gas exchange by the plants will be interrupted and leads 
to poor development of plants. So far, 440 species of 
white昀氀ies under 63 genera are known from India and 
few of them are economically important (Sundararaj et 

al., 2018). More than 320 plant species belonging to 225 
genera and 73 families in India have been recorded as 
hosts of white昀氀ies (Sundararaj and Pushpa, 2011). 

The most commonly known white昀氀y is the 
silverleaf white昀氀y, Bemisia tabaci (Gennadius), which 
is originated in Central Asia and invaded all over the 
world. The major host crops of this pests are 昀椀eld crops 
(Green gram, Soybean, Blackgram, etc.), vegetables 
(Tomato, Chilli, Bhendi, Brinjal, Beans, Gourds, etc.), 
昀氀ower crops (Chrysanthemum, Jasmine, Marigold 
etc.) and commercial crops (Cotton, Tobacco, Jute 
etc.) and infestation on plantation crops is rarely seen. 
Currently there are 40 cryptic species (morphologically 
indistinguishable but genetically distinct in biological 
characteristic species) has been recorded in B. tabaci. 

The Middle East–Asia Minor 1 (MEAM1) and 
Mediterranean (MED) complexes (previously known as 
B biotype and Q biotype, respectively) are considered 
as the most invasive species with broad host range of 
plants. New world 1 (NW 1, A biotype) is also reported 
in some parts of the world (De-Barro et al., 2011).

One of the factors for successful establishment 
of B. tabaci is its nutritional 昀氀exibility. The two main 
functions of these endosymbionts of sap sucking insects 
are; those which are bene昀椀cial to the insect under speci昀椀c 
ecological conditions and those which play a role in 
metabolic activities of the insect. (Gosalbes et al., 2010). 
Along with this, the microbes inside the insects plays 
major role in their survival, development, reproduction, 
fecundity, viral transmission and resistance against 
the various chemicals. About 99 per cent of symbiotic 
bacteria are non-culturable under laboratory conditions 
(Amann et al., 1995) but advances in molecular biology 
have outstandingly improved the culture-independent 
techniques to study microorganisms, all praises to 
PCR ampli昀椀cation of bacterial genes straight from 
environmental samples, pursued by direct sequencing 
of PCR products. Different gene targets like 16S, 23S, 
GroEL etc., have been used to identify bacteria. Several 
studies have used PCR techniques to identify the different 
endosymbionts like Portieraaleyrodidarum (Primary), 
Wolbachia, Rickettsia, Arsenophonus, Cardinium, 

Hamiltonella, Fritschea, Bacillus, Staphylococcus, 
Enterococcus (Secondary) in B. tabaci. The current study 
is giving special emphasis on the diversity of facultative 
bacteria in the nymphs and adults of B. tabaci on tomato. 

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 30-35 (2024)

DOI Number : 10.5958/0974-4541.2024.00006.7

injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 

3 Union Territories. The decrease in yields of coconut 

Diaphania indica

Vol. 29, No.1 pp 1-12 (2023)
DOI Number:10.5958/0974-4541.2023.00001.2



31

MATERIALS AND METHODS

The white昀氀ies and nymphs collected on tomato from 
different locations were starved for 3 h and surface 
sterilized with 70 per cent ethanol for 1 minute followed 
by 0.1 per cent sodium hypochlorite for 1 minute and 
then rinsed with sterile distilled water for 2 to 3 times to 
remove the external microbes and wax.

Serial dilution and plating 

The surface sterilized adults were crushed in a 
sterilized 1.5 ml micro-centrifuge tube using a sterilized 
micro pestle with 1 ml of phosphate buffer saline 
(PBS) solution (pH 7.4). Prior to that, micro-centrifuge 
tubes were labelled with date, host and location. The 
homogenized samples were centrifuged at 2000 RPM 
for 10 minutes. Then 100 μl of the homogenized mixture 
was added to micro centrifuge tubes containing 900 μl 
of sterile distilled water and serial dilution of samples 
was made up to 10-7 dilutions. 100 μl of aliquot of all 
the dilutions were plated on both 1M of nutrient agar 
media and spread using a sterilized glass spreader. Then, 
Petri plates were incubated at 28 0C for 24 to 48 h in bio-
oxygen demand (BOD) incubator. Further, plates were 
observed for microbial growth after every 24 hours.

Puri昀椀cation and storage of colonies of bacteria

Representative colony from each colonies showing 
similar morphology were selected and pure culture was 
obtained by sub-culturing it in the same media. The 
pure cultures were added to autoclaved nutrient broth 
in sterilized test tubes along with respective labels 
and incubated at 28 ‐ for 24 h in BOD until the clear 
nutrient broth turn into turbid by the multiplication of 
bacterial cells. 

Bacterial genomic DNA isolation and quanti昀椀cation

Bacterial culture grown in a nutrient broth was 
used for genomic DNA isolation by following sucrose 
buffer method. 1.5 ml bacterial culture was transferred 
to a sterilized micro centrifuge tube with respective 
label and centrifuged at 1000 rpm for 3 minutes to get 
a pellet. Later, supernatant was discarded and pellet 
was retained. It was repeated with a 1.5 ml culture to 
collect the suf昀椀cient amount of pellet. The pellet was 
re-suspended into 400 µl sucrose buffer (consists of 1M 
Tris, 0.5M EDTA and 10 per cent sucrose) and subjected 
to vortex (SPINIX) to dissolve the pellet. Then, 32µl 
lysozyme was added and incubated for 10 min at 60‐ 
in hot water bath. 140 µl of freshly prepared 10 per cent 
sodium dodecyl sulphate (SDS) was added along with 5 
µl of protease.  Later, 240 µl of NaCl (5M) and freshly 

prepared 10 per cent CTAB was added and incubated for 
10 min at 60 ‐. It was followed by addition of 500 µl 
chloroform: isoamyl alcohol (24:1) and mixed well by 
inverting the tube until the phase is mixed completely. 
The mixture was centrifuged at 12000 rpm in a micro 
centrifuge (SPINWIN MC03) for 10 min. Upper aqueous 
phase was transferred to a new labelled tube and 50µl of 
3M sodium acetate (ice cold) was added and mixed well. 
Then 300 µl isopropanol (ice cold) was added and gently 
mixed to precipitate DNA and the sample was incubated 
overnight at -20‐. 

The sample was spun at 12000 rpm for 15 min on 
the next day, to pellet down DNA and 1ml of 70 per cent 
ethanol was added to the pellet and spinning was done at 
12000 rpm for 10 min (twice). Then the supernatant was 
discarded and the pellet was allowed for air dry. After 
complete drying, the DNA pellet was re-suspended in 
30 µl of  protease, DNase, RNase, free water (GeNeiTM) 
followed by 2 µl of RNase treatment and incubation at 
60 ‐ in water bath stored at -20 ‐ until use  (Takakura 
and Nishio, 2012).  The concentration of isolated DNA 
was quanti昀椀ed by using nanodrop. 

Quality and quantity check of genomic DNA

Quality of genomic DNA was checked by 0.8 per 
cent (0.8g in 100 ml) of agarose which was dissolved in 
100 ml of 1X TAE buffer in microwave oven and 5 µl 
EtBr was added after cooling. This mixture was poured 
into a pre-set template used with appropriate comb kept 
on the template, to make wells and the gel was allowed 
for solidi昀椀cation for 45 minutes. After that, 2µl of DNA 
was loaded with 2 µl of loading dye (6X Cresol-red 
DNA loading dye). Electrophoresis was carried at 80 V 
for 45 min.  The genomic DNA was visualized on UV 
transilluminator (Bio-Rad, USA) and documented using 
gel documentation system (GelDoc Go). 

The ampli昀椀cation of 16s rRNA was carried 
out by using the universal primer (Forward-
5’AGAGTTTGATCCTGGCTCAG3’ and Reverse-5’ 
ACGGCTACCTTGTTACGACTT-3’). The stocks of 
primers were prepared as per the instructions given 
and prepared a working primers by adding 0.1 ml of 
stock in 0.9 ml double distilled water, further stored 
at -20‐. Polymerase chain reactions were performed 
with 25 µl of PCR mixture in PCR system (ProFlex) 
with an initial denaturation at 94 °C for 3 minutes, 
followed by 35 cycles each consisting of denaturation 
for 1 minute at 94°C, annealing for 45 seconds at 59°C 
with an extension for 1.5 minute at 72°C followed by 
昀椀nal extension for 10 minutes at 72 °C and kept hold at 
4 0C for in昀椀nite time.The ampli昀椀ed PCR products were 
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sent for nucleotide sequencing to Euro昀椀ns Genomics 
India Pvt. Ltd. Bangalore. The obtained DNA sequences 
corresponding to the 16S rRNA gene was con昀椀rmed 
using BLAST search in NCBI. The obtained forward and 
reverse sequences were aligned together using the NCBI 
alignment tool to obtain a contig sequence. 

RESULTS AND DISCUSSION

Twenty bacterial isolates were recorded from nymphs 
and adults of B. tabaci, in which nymphs had more 
number of isolates (11 species) compared to adults (9 
species) (Table 1 and 2). The bacterial abundance was 
observed to be high (55 per cent) in nymphs compared to 
adults (45 per cent) (Fig. 1).

Phylum level 

The bacteria isolated from B. tabaci which are 
collected on tomato grouped into two phyla i.e. Bacillota 
and Pseudomonadota. 63.64 per cent of the bacterial 
population in the nymphs belong to the phylum Bacillota 
and 36.36 per cent belongs to Pseudomonadota. Whereas, 
in adults, all the obtained bacterial colonies (100 per 
cent) belong to the phylum Bacillota (Fig. 1).

Class level

The class Bacilli found dominant (63.64 per 
cent) in the nymphs of B. tabaci followed by Gamma 
proteobacteria which accounted for 36.36 per cent. In 

Table 1. Bacterial diversity in the nymphs of the Bemisia tabaci collected on tomato crop

Phylum Class Order Family Species

Bacillota Bacilli Bacillales Bacillaceae Bacillus licheniformis 

Bacillus subtilis

Bacillus cereus

Bacillus safensis

Pseudomonadota

Bacillus pumilus 

Staphylococcaceae Staphylococcussaprophyticus

Lactobacillales Enterococcaceae Enterococcus casseli昀氀avus

Gamma-
Proteobacteria

Enterobacteriales Enterobacteriaceae Klebsiella variicola

Atlantibactersubterranea

Morganellaceae Proteus penneri 

Pseudomonadales Pseudomonadaceae Pseudomonas putida

Table 2. Bacterial diversity in the adults of the Bemisiatabaci collected on tomato crop

Phylum Class Order Family Adults (9)

Bacillota Bacilli Bacillales Bacillaceae Bacillus safensis

Bacillus aerius

Bacillus pumilus

B. licheniformis

Heyndrickxia oleronia

Bacillus velezensis

Staphylococcaceae Staphylococcus saprophyticus

Lactobacillales Enterococcaceae Enterococcus gallinarum 
Enterococcus mundtii 

Bacterial diversity associated with Bemisia tabaci
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the adults of B. tabaci, all the bacterial colonies (100 per 
cent) were belong to the class Bacilli (Fig. 2).

Order level

The bacterial population of B. tabaci collected 
from tomato were classi昀椀ed into four orders 
(Bacillales, Lactobacillales, Enterobacteriales and 
Pseudomonadales). The order Bacillales was found to 
be the most abundant (54.55 per cent) in the nymphs 
of B. tabaci followed by Enterobacteriales (27.27 per 
cent). Both Lactobacillales and Pseudomonadales were 
found least abundant (9.09 per cent each). Whereas, in 
adults, only two bacterial orders were recorded. Among 
them, Bacillales was dominant (77.78 per cent) over 
Lactobacillales which accounted for only 22.22 per cent 
(Fig. 3). 

Family level

The nymphal stage recorded more number (six 
families) of bacterial families than the adult stage 
(three families).In nymphs, majority of the bacterial 
population was belong to the family, Bacillaceae  (45.45 

Fig. 1. Bacterial abundance of nymphs and 

adults of B. tabaci

 

Fig. 2. Bacterial abundance of nymphs and adults of 

B. tabaci at phylum level

per cent) followed by Enterobacteriaceae (18.18 per 
cent) and  remaining all four families showed equal 
abundance (9.09 per cent). In case of adults, among the 
three families, Bacillaceae accounted for 66.67 per cent   
followed by Enterococcaceae (22.22 per cent) and least 
abundant family was staphylococcaceae with 11.11 per 
cent abundance.

Genus level

The bacterial population in the nymphal stage of 
B. tabaci distributed under seven different genera. In 
which, Bacillus was the predominant genus (45.45 per 
cent) and remaining six genera accounts for 9.09 per 
cent each. Whereas, in adults, only four bacterial genera 
were recorded, among them Bacillus was the dominant 
genus (55.55 per cent) followed by Enterococcus (22.22 
per cent). The genera Klebsiella, Atlantibacter, Proteus 

Pseudomonas, were found only in nymphal stage, 
whereas, the genus Heyndrickxia was con昀椀ned only to 
the adult stage (Fig. 5).

Species level

In the nymphal stage of B. tabaci, 11 species of 
bacteria were recorded whereas, in adults nine bacterial 
species were recorded. Among them, the bacteria 
Bacillus licheniformis, B. pumilus, B. safensis and 

 

 

Fig. 3. Bacterial abundance of nymphs and adults of 

B. tabaci at class level

Fig. 4. Bacterial abundance of nymphs and adults of 

B. tabaci at order level
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Staphylococcus saprophyticus were found common in 
nymphs and adults (Table 1 and 2).

The endosymbionts of cryptic species of B. tabaci 
was determined by Marubayashi et al. (2014) through 
sequencing of 16SrRNA gene. The results of the present 
study are in accordance with the study of El et al. 
(2022) and Li et al. (2023) who determined the diversity 
of facultative bacteria Bacillus, Staphylococcus, 
Enterobacater, Paracoccus, Acinetobacter through 
plating techniques. Similarly, twenty different bacterial 
genera, including 31 species belong to Actinobacteria, 
‘alpha’-, ‘beta’-, ‘gamma’- Proteobacteria, and Firmicutes 
were isolated by Indira gandhi et al. (2010) from both the 
B and Q biotypes of B. tabaci and among them, Bacillus, 
Kocuria, Moraxellla, Micrococcus, Sphingomonas and 
Staphylococcus were common. Moreover, B biotype 
was associated with Acinetobacter, Deinococcus, 
Modestobacter, Microbacterium, and Pseudomonas, 
whereas, Q biotype was associated with Arthrobacter, 
Bradyrhizobium, Janibacter, Morganella, Naxibacter 
and Streptomyces. Host plants have a great in昀氀uence on 
the gut microbial diversity in host insects (Jones et al., 
2019). The genera Bacillus (30%), Acinetobacter (10%) 
and Exiguobacterium (10%) were observed by using 
culture-dependent method by Saranya et al. (2022) in the 
rugose spiralling white昀氀y, A. rugioperculatus reared on 
coconut plants whereas, Bacillus (81%), Lysinibacillus 

 

 

Fig. 5. Bacterial abundance of nymphs and adults of 

B. tabaci at family level

Fig. 6. Bacterial abundance of nymphs and adults of 

B. tabaci at genus level

(11%), Arthrobacter (4%) and Pseudomonas (4%) from 
banana plants. Similarly, Pujar et al. (2023) recorded the 
dominance of the phylum Bacillota, class Bacilli, order 
Bacillales, family Bacillaceae and genus Bacillus in A. 

Rugioperculatus collected from four different hosts.

The residing bacteria (not all) perform various 
functions viz., Bacillus sp. and Staphylococcus sp. 
produce amylase enzyme which helps in production 
of medium-length sugars from derived sucrose and 
increase the stickiness of honeydew (Davidson et al., 
2000). In A. rugioperculatus, along with honeydew 
secretion, Bacillus sp. helps in lactose fermentation and 
siderophore production. In case of termites it involves 
in cellulose digestion (Choi et al., 2015) and it helps 
in detoxi昀椀cation of profenophos and chlorpyrifos in 
Paracoccusmarginatus (Krishnamoorthy et al., 2020).

The symbiotic relationship between the insects and 
bacteria caused them to be successful creatures on the 
earth. Though, all the facultative microbes residing in 
the insects doesn’t have any role (called opportunistic 
microbes) in the insects, some of the microbes are directly 
or indirectly involving in theirsurvival, reproduction and 
development of the insects.
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ABSTRACT: The present study investigated the ovipositional preference of okra shoot and fruit borer, Earias 

vittella (Fabricius) (Order: Lepidoptera; Family: Noctuidae) in relation to host plant biochemical traits independently 
and also through combining with host plant morphological traits in different wild and cultivated Abelmoschus species. 
Correlation studies revealed a signi昀椀cant positive relationship between the number of eggs laid by E. vittella to total 
protein (P, r = 0.17) and a signi昀椀cant negative relationship with total phenols (TP, r = -0.57), total 昀氀avonoids (TF, r = 
-0.38), total sugar (TS, r = -0.57) and total reducing sugars (TRS, r = -0.64). Path co-ef昀椀cient analysis revealed that 
total phenols, 昀氀avonoids, and total reducing sugars appear to be particularly important, as they, directly and indirectly, 
affect E. vittella egg-laying choice. Multiple step-wise regression analyses of the number of eggs laid by E. vittella on 
different Abelmoschus species with host plant biochemical traits together explained the variability in the egg laying to 
the tune of 54% (R2 = 0.54; Y=26.71-0.30

TP
+0.32

TF
-1.39TS-4.41

TRS
+8.29

P
; R2=0.54; VIF=2.19). Further, combining 

the signi昀椀cant biochemical traits (TRS and P) with signi昀椀cant morphological traits (FL: fruit length, FW: fruit width, 
T: trichomes) based on r/SE explained the variability in the number of eggs laid by E. vittella to the tune of 78%; 
Y=7.15+1.35

FL
-3.64

FW
+0.05

T
-2.00

TRS
+1.66

P
; R

2
=0.78; VIF=4.56.   

Keywords: Correlation, cultivated species, egg laying, okra, multiple linear regression, shoot and fruit borer, wild 

species.

INTRODUCTION

The survival and development of phytophagous 
lepidopteran insects primarily rely on their selection of 
appropriate oviposition sites on their host plants. The 
decisions made by gravid females in choosing suitable 
oviposition sites signi昀椀cantly in昀氀uence the performance 
and survival of their offspring, ultimately impacting 
the species' reproductive success (García-Barros and 
Fartmann, 2009). The process of host plant selection for 
laying their eggs is in昀氀uenced by a variety of factors, 
including morphological (such as the size of the plant 
or plant parts, shape, color, leaf hairs, cuticle thickness), 
(Keerthi et al., 2023) and biochemical traits etc. 
(Carrasco et al., 2015). Insects have evolved to detect and 
assess these traits that support their reproductive success, 
leading to positive preference-performance relationships 
(Beck, 1965; Kessler and Baldwin, 2002; Sharma, 
2007; Dhillon and Sharma, 2004; War et al., 2012; Da 
Silva et al., 2021; Ali et al., 2019; Coapio et al., 2018; 
Thakur et al., 2017). Okra shoot and fruit borer, Earias 

vittella (Fabricius) (Lepidoptera: Nolidae), is an 
economically important oligophagous pest that feeds 
on numerous host plants of Malvaceae. In okra, gravid 
female moths of E. vittella lay eggs singly on shoot 

tips, 昀氀ower buds and tender fruits. The neonate larvae 
bore into delicate terminal shoots during the vegetative 
phase and fruit formation; they bore into 昀氀ower buds 
and young fruits (Qasim et al., 2018). Damaged shoots 
wilt and dry out, and infested fruits have a distorted look 
and contain larval excrement, rendering them un昀椀t for 
consumption, and crop losses often range from 3.5 to 90 
percent (Hafeez et al., 2019; Mandal et al., 2006).

In the case of E. vittella, our earlier studies revealed 
that host plant morphological traits, namely number of 
branches (NB), stem diameter (SD), leaf length (LL), 
fruit length (FL), fruit width (FW) and trichomes density 
(T) signi昀椀cantly in昀氀uenced the female moth egg laying 
choice. Step-wise linear regression equations showed 
that a combination of these morphological traits could 
explain the variability in the number of eggs laid 
by E. vittella to the tune of 79% (y=17.29-0.61NB-
8.17SD+0.48LL+1.16FL-5.73FW+0.11T, R2=0.79). 
Of these traits, fruit traits (fruit length, fruit width, and 
trichomes on fruit) were found to impact the egg-laying 
choice of moths exclusively. Further, consideration of 
only the fruit length (FL) alone was found to explain 
the maximum variability in egg laying choice of female 
moth E. vittella (R2= 0.72) (Krishna Kumar et al., 
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2023). However, in addition to the morphological traits, 
several studies revealed that biochemical traits such as 
phenols, 昀氀avonoids, sugars, etc. also found to in昀氀uence 
the host plant preference of E. vittella during the egg 
laying, feeding vis-a-vis progeny 昀椀tness (Manju et al., 
2021; Kumar et al., 2021; Sandhi et al., 2017; Gautam et 

al., 2013; Koujalagi et al., 2009). The presence or 
absence of speci昀椀c host plant biochemical traits can 
determine whether the particular host plant is preferred 
or avoided by insects (War et al., 2012; Painter, 1951); 
understanding the potential host plant biochemical traits 
that are underlying the oviposition preference of E. 

vittella will serve as ready reckoners during host plant 
resistance breeding programs. Therefore, an attempt was 
made to explore the association of different host-plant 
biochemical traits with the oviposition preference of E. 

vittella, in wild and cultivated species of Abelmoschus. 

MATERIALS AND METHODS

The present study was conducted at the Division of 
Crop Protection, ICAR-Indian Institute of Horticultural 
Research (ICAR-IIHR), Bengaluru, India (12°58'N, 
77°35'E, 890 m above sea level) during 2021–2022. 
Seeds of selected wild species of Abelmoschus, 
viz., Abelmoschus tetraphyllus (Roxb. ex Hornem.) 
Hochr., Abelmoschus tuberculatus Pal & Singh 
and Abelmoschus angulosus Wall. ex-Wight & Arn. 

(var. grandi昀氀orus) along with the cultivated species 
(Abelmoschus esculentus L. (Moench) cv. Arka Anamika) 
were procured from the Division of Vegetable Crops, 
ICAR-IIHR, Bengaluru. The host plants were grown 
in polybags (6 x 8") containing a standard pot mixture 
(Red soil 40%; Coco peat 30%; Farm yard manure 30%) 
without any pesticide application (Agboyi et al., 2019). 
Regular water sprays were given at frequent intervals to 
avoid insect pest infestation.

Insect culture maintenance

Okra fruits infested with E. vittella larvae were 
collected from the experimental 昀椀elds of ICAR-IIHR. 
The larvae were reared by providing fresh immature okra 
fruits in plastic containers (13.63 × 8.25 × 4.88 cm) until 
pupation. The emerged adult moths were collected and 
released into net cages (1 × 1 × 1 m) for mating. The 
gravid females were separated and used for ovipositional 
preference studies.

Oviposition assays

Choice and no-choice oviposition assays with 
different host plants provide clues about the insect host 
plant's preference for egg-laying. The above-selected 

host plants were arranged randomly in a net cage and 
exposed to E. vittella (@ 2 moths/plant) for 48 hrs. In the 
no-choice assay, a single species of each of the six host 
plants was arranged randomly (N = 6) in net cages. The 
plants were exposed to gravid females of E. vittella (@ 
2 moths/plant) for 48 hrs. Observations were recorded 
on the number of eggs laid on each host plant. Each 
assay was replicated six times at different times (Uzun et 

al., 2015).

Biochemical traits 

Observations on different biochemical traits were 
recorded, namely, total phenols (TP) (Singleton et al., 
1999), total 昀氀avonoids (TF) (Zhishen et al., 1999), total 
and reducing sugar (TS& TRS) (Somogyi, 1952), total 
protein (P) (Lowry et al., 1951), total free amino acids 
(FA) (Moore and Stein, 1954) and total antioxidants (AO) 
(Benzie and Strain, 1996) using double beam UV-visible 
spectrophotometer. For this investigation, 10-day-old 
okra fruits were utilized from a 55-day-old plant.

Morphological traits 

Data on different morphological traits of host plants 
namely plant traits [plant height (PH, cm), number of 
branches/ plant (NB) and stem diameter (SD, cm)], leaf 
traits [number of leaves/ plant (NL), leaf length (LL, cm), 
petiole diameter (PD, cm)], fruit traits [number of fruits/ 
plant (NF), fruit length (FL, cm), fruit width (FW, cm), 
trichomes density on fruits (T, cm2)] as per our earlier 
studies (Krishna Kumar et al., 2023) was used.

Statistical analysis

Data on biochemical and morphological traits and 
the number of eggs laid were subjected to correlation 
analysis, and the correlation coef昀椀cient values were 
plotted in Corrplot using R 4.2.0. Path-coef昀椀cient 
analyses were also carried out between the plant traits 
and the number of eggs laid. To get further insights, 
a step-wise regression procedure (Ryan, 1997) was 
employed to select the most crucial plant traits (based 
on r/SE, a stringent criterion for identifying signi昀椀cant 
variables for regression analysis) in昀氀uencing the 
variability in the egg-laying choice of E. vittella. This 
technique identi昀椀ed, stage by stage, trait(s) signi昀椀cantly 
related to egg-laying choice (y). Further, as a measure 
of the goodness-of-昀椀t of the models developed, values 
pertaining to the Coef昀椀cient of Determination (R2) 
(Agostid’no and Stephens, 1986) were calculated. The 
Variance In昀氀ation Factor (VIF) was computed to test the 
multi-collinearity of variables.
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RESULTS AND DISCUSSION

Among all the host plant biochemical traits studied, 
signi昀椀cantly higher amounts of total phenols (mg 
GAE/100g) were observed in the wild species A. angulosus 

var. grandi昀氀orus (111.50±10.28mg GAE/100g) and the 
lowest was found in cultivated line namely IIHR 402 
(38.14±1.45 mg GAE/100g)[F

(9, 50)
 = 46.53; P<0.0001; 

CD = 15.18]. Similarly, the total 昀氀avonoid content was 
observed to be the highest in wild species A. angluosus 
var. grandi昀氀orus (51.38±1.46mg CE/100g) and lowest 
in the cultivated line namely IIHR 402 (18.76±1.36 
mg CE/100g) [F

(9,50)
 = 81.01; P<0.0001; CD = 3.31]. 

Higher amounts of total sugars were observed in A. 

tetraphyllus (12.31±1.26g /100g) and the lowest were 
noticed in IIHR 379 (5.19±2.09 g /100g) [F

 (9, 50)
 = 44.88; 

P<0.0001; CD = 1.25]. Higher amounts of reducing 

sugar signi昀椀cantly were observed in A. angulosus var. 
grandi昀氀orus (2.92±0.44g /100g) and lowest in IIHR 356 
(1.01±0.01 g /100g) [F

 (9, 50)
 = 9.96; P<0.0001, CD = 

0.71]. Observations on total protein content among the 
host plants revealed signi昀椀cantly higher amounts in A. 

tetraphyllus (3.68±0.07mg BSA /100g)and low protein 
in A. tuberculatus (2.29±0.11 mg BSA /100g) [F

(9, 50)
 = 

13.94; P<0.0001; CD = 0.39].  Signi昀椀cantly, the highest 
amounts of total free amino acids were observed in IIHR 
402 (3.10±0.06 mg/ 100g) and the lowest in IIHR 356 
(1.17±0.13 mg/ 100g) [F

 (9, 50)
 = 15.31; P<0.0001; C. D. = 

0.63]. Signi昀椀cantly, the highest total antioxidant content 
was observed in A. angluosus (68.5±1.15 mg/100g) and 
the lowest in A. tuberculatus (34.03±0.91 mg/100g) [F

 (9, 

50)
 = 52.33; P = <0.0001; CD = 5.02] (Table 1). 

Variations in host plant traits, including nutritional 

Table 1. Descriptive statistics of biochemical traits of different Abelmoschus genotypes

Host plants

Total 

Phenols (mg 

GAE/100g)

Total 

Flavonoids

(mg CE/100g)

Total sugar

(g /100g)

Reducing

Sugar 

(g/100g)

Protein 

(mg BSA/ 

100g)

Free amino 

acids (mg/ 

100g)

Antioxidant

(mg AEAC/ 

100 g)

A. angulus
111.50±10.28a

(89.3-147.8)

51.38±1.46a

(46.8-56.5)

11.46±0.55a

(9.9-13.1)

2.92±0.44a

(1.9-3.9)

3.56±0.24abc

(3.2-4.5)

3.02±0.26a

(2.1-3.7)

68.5±1.15c

(64.2-72.4)

A. tetraphyllus
78.52±4.77b

(71.2-88.2)

36.04±1.15b

(32.1-39.6)

12.31±1.26a

(11.8-13.2)

2.65±0.19ab

(2.4-3.4)

3.68±0.07ab

(3.5-3.8)

1.30±0.13d

(1.0-1.8)

39.33±0.73cd

(37.3-42.4)

A. tuberculatus
80.75±0.87e

(38.1-43.1)

19.63±0.61f

(17.9-22.1)

7.54±1.22bc

(7.1-8.2)

2.66±0.29ab

(2.0-3.4)

2.29±0.11g

(1.9-2.5)

2.78±0.20ab

(2.1-3.3)

34.03±0.91e

(31.8-38.2)

Arka anamika
40.52±2.86dc

(33.2-61.3)

24.85±0.84dc

(22.6-28.1)

6.13±0.31de

(5.3-6.9)

1.80±0.21c

(1.1-2.4)

3.31±0.06bcd

(3.2-3.5)

2.07±0.14c

(1.7-2.5)

46.39±3.03b

(40.1-59.6)

ACC 1685
40.11±2.32dc

(34.6-46.2)

20.31±1.18f

(17.5-25.9)

8.54±0.58b

(6.5-9.6)

2.06±0.30bc

(1.0-2.9)

2.81±0.20f

(2.4-3.4)

2.21±0.26bc

(1.6-2.9)

37.48±1.45cde

(32.2-41.8)

IIHR 356
56.64±4.89c

(61.2-69.3)

31.11±0.66c

(29.9-34.3)

5.60±0.31de

(4.9-6.7)

1.01±0.01d

(1.0-1.1)

3.90±0.05a

(3.7-4.0)

1.17±0.13d

(0.8-1.6)

65.16±1.13a

(60.8-69.5)

IIHR 358
39.83±2.36e

(34.1-48.1)

19.68±0.28f

(18.3-20.2)

5.58±1.51de

(4.2-7.1)

1.38±0.14cd

(1.0-1.9)

3.23±0.14cde

(2.9-3.7)

1.78±0.24cd

(1.1-2.6)

36.54±0.95cde

(32.2-38.6)

IIHR 379
55.29±1.26cd

(51.3-58.6)

25.66±1.79dc

(22.1-34.2)

5.19±2.09e

(4.9-5.4)

1.64±0.22cd

(1.2-2.5)

3.10±0.05def

(3.0-3.2)

2.08±0.32c

(1.0-3.0)

41.29±2.75c

(31.9-52.8)

IIHR 394
46.67±4.12dc

(39.6-61.9)

22.49±1.19ef

(20.1-28.1)

6.62±0.74cd

(4.1-8.3)

1.60±0.20cd

(1.0-2.2)

3.06±0.12def

(2.7-3.4)

2.78±0.27ab

(2.0-3.7)

38.49±1.84cde

(30.6-44.1)

IIHR 402
38.14±1.45e

(34.8-43.1)

18.76±1.36f

(14.8-24.6)

7.83±1.53bc

(6.4-9.6)

1.45±0.22cd

(1.0-2.1)

3.08±0.26ef

(2.5-3.7)

3.10±0.06a

(2.9-3.3)

34.86±1.44de

(30.8-39.8)

F (9,50) 46.53 81.01 44.88 9.96 13.94 15.31 52.33

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

C D (0.05) 15.18 3.31 1.25 0.71 0.39 0.63 5.02

Figures in parentheses show the range of values; P = signi昀椀canceat 5% level; CD (0.05) = critical difference at 5% level
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quality and defensive characteristics, signi昀椀cantly impact 
plant resistance against pests (Birke and Aluja, 2018). 
Ecological, physiological, and behavioral factors also 
in昀氀uence insect oviposition preferences and offspring 
昀椀tness (Balagawi et al., 2013; Birke et al., 2015). The 
relationship between female oviposition preference and 
offspring performance is strongly associated with their 
dietary habits and the absence of adverse effects from 
host plant biochemistry, crucial for maximizing offspring 
昀椀tness (Hafsi et al., 2016; Gripenberg et al., 2010; Clark 
et al., 2011). Thus, the initial phase of insect oviposition 
choice relies heavily on the diverse morphological and 
biochemical traits of host plants (Beck, 1965; War and 
Sharma, 2014).

Correlation analysis

Biochemical traits namely, total phenols (TP; r=-0.40; 
p<0.0001), total 昀氀avonoids (TF; r=-0.38; p<0.0001), 
total sugar (TS; r=-0.57; p<0.0001) and total reducing 
sugar (TRS; r=-0.64; p<0.0001) exhibited a signi昀椀cant 
negative correlation and a signi昀椀cant positive correlation 
was obtained from total protein (P; r=0.17; p=0.0138) 
with the number of eggs laid by E. vittella. Other traits 
such as total free amino acids (FA) and total antioxidants 
(AO) did not show any signi昀椀cant correlation (Figure 1). 

Data analysis of biochemical traits indicates that 
higher levels of total phenols, total 昀氀avonoids, total 
sugars, and total reducing sugars in host plants negatively 
affect the oviposition behaviour of the okra shoot and 
fruit borer, E. vittella. In this study, wild species such as 
A. tetraphyllus, A. angulosus var. grandi昀氀orus, and A. 

tuberculatus exhibited higher concentrations of phenols, 
昀氀avonoids, total sugars, and reducing sugars compared 
to cultivated A. esculentus lines. Previous research on 
different Abelmoschus spp. also demonstrated that A. 

tetraphyllus and A. angulosus var. grandi昀氀orus possess 
signi昀椀cant resistance to E. vittella due to their higher 
levels of total phenols, total sugars, and reducing sugars, 
while A. tuberculatus exhibited moderate 昀椀eld resistance 
with moderate levels of these compounds (Sandhi et al., 
2017; Doshi, 2004).

Most insects are negatively affected by phenolic 
compounds due to their toxic nature (Palial et al., 
2018; Dreyer and Campbell, 1987). Studies by Kumar 
et al. (2021), Halder et al. (2015), and Gautam et al. 
(2013) revealed that the presence of phenols in okra 
fruits has a detrimental effect on E. vittella infestation. 
Similarly, Sultani et al. (2011) reported that higher total 
sugar content reduces the ovipositional preference of 

nd biochemical Fig. 1. Correlation analysis of oviposition preference of E. Vittella and biochemical traits of Abelmoschus species. The 

correlation matrix shows that the lower left to high right ellipse shows a positive relationship; lower right to higher left 

shows a negative correlation. Thin ellipse size shows higher correlation coef昀椀cient value; the thicker one shows lower 
the value. Total phenols, TP; Total 昀氀avonoids, TF; Total sugar, TS; Total reducing sugar, TRS; Total protein, P; Total 
free amino acids, FA; Total antioxidant, AO.  
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TP = Total phenols; TF = Total 昀氀avonoids; TS = Total sugar; TRS = Total reducing sugar; P = Total protein.

Variables Model R2 VIF

TP Y= 37.26-0.20
TP

0.16 -

TF Y= 37.53-0.44
TF

0.14 -

TS Y= 46.47-2.71
TS

0.33 -

TRS Y= 44.81-9.92
TRS

0.41 -

P Y= 12.91+4.00
P

0.03 -

TP+TF Y= 37.70-0.17
TP

-0.09
TF

0.16 1.19

TP+TS Y= 47.35-0.05
TP

-2.42
TS

0.34 1.51

TP+TRS Y=48.33-0.10
TP

-8.81
TRS

0.44 1.78

TP+P Y=3.33-0.38
TP

+13.77
P

0.40 1.68

TF+TS Y= 47.05-0.07
TF

-2.55
TS

0.33 1.50

TF+TRS Y= 47.05-0.14
TF

-9.09
TRS

0.42 1.72

TF+P Y=10.76-0.70
TF

+10.59
P

0.31 1.44

TS+TRS Y=50.29-1.42
TF

-7.10
P

0.46 1.86

TS+P Y=27.61-2.94
TS

+6.47
P

0.41 1.69

TRS+P Y=42.64-9.82
TRS

+0.62
P

0.41 1.68

TP+TF+TS Y=46.93-0.11
TP

+0.15
TF

-2.49
TS

0.34 1.52

TP+TF+TRS Y=47.54-0.22
TP

+0.32
TF

-9.34
TRS

0.45 1.82

TP+TF+P Y=3.02-0.40
TP

+0.04
TF

+13.81
P

0.40 1.68

TP+TS+TRS Y=51.03-0.05
TP

-1.18
TS

-7.06
TRS

0.47 1.88

TP+TS+P Y=16.26-0.24
TP

-1.87
TS

+11.68
P

0.50 2.01

TP+TRS+P Y=25.48-0.23
TP

-6.09
TRS

+7.88
P

0.45 1.97

TF+TS+TRS Y=50.29+0.001
TF

-1.42
TS

-7.11
TRS

0.46 1.86

TF+TS+P Y=23.05-0.33
TF

-2.23
TS

+9.03
P

0.45 1.81

TF+TRS+P Y=34.76-0.30
TF

-7.52
TRS

+4.21
P

0.44 1.77

TS+TRS+P Y=39.51-1.77
TS

-5.86
TRS

+3.47
P

0.48 1.93

TP+TF+TS+TRS Y=50.30-0.18
TP

+0.36
TF

-1.25
TS

-7.56
TRS

0.49 1.94

TP+TF+TS+P Y=15.32-0.32
TP

+0.22
TF

-1.96
TS

+11.81
P

0.51 2.04

TP+TF+TRS+P Y=25.46-0.33
TP

+0.27
TF

-6.63
TRS

+7.65
P

0.50 2.00

TP+TS+TRS+P Y=26.68-0.18
TP

-1.33
TS

-3.88
TRS

+8.53
P

0.53 2.13

TF+TS+TRS+P Y=35.11-0.18
TF

-1.59
TS

-4.89
TRS

+5.33
P

0.49 1.97

TP+TF+TS+TRS+P Y= 26.71-0.30
TP

+0.32
TF

-1.39
TS

-4.41
TRS

+8.29
P

0.54 2.19

Table 2. Step-wise linear regression models to estimate E. vittella ovipositional preference using biochemical traits 

of Abelmoschus species
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E. vittella. However, research by Sundararaj and David 
(1987) suggested that higher quantities of reducing 
sugars, particularly from immature fruit parts, may 
be favourable for E. vittella. Unlike the current study 
focusing on ovipositional preference, Sundararaj and 
David (1987) primarily examined larval food quality 
and reproductive biology. Furthermore, the present study 
indicates that higher total protein content in the host plant 
facilitates greater egg laying by female E. vittella moths, 
showing a signi昀椀cant positive correlation. Interestingly, 
cultivated A. esculentus lines exhibited higher protein 
content compared to wild species. Previous studies 
have also shown that higher total protein content from 
okra and cotton plants enhances fecundity in E. vittella 
(Basker et al., 2014; Sundararaj and David, 1987).

The high levels of various biochemical parameters in 
wild species and their negative correlation with E. vittella 
egg laying suggest that a combination of these parameters 
rather than a single one in昀氀uences ovipositional non-
preference. Literature indicates that biochemical traits 
in昀氀uence lepidopteran pests' egg-laying choices, serving 
as a signi昀椀cant factor in selecting suitable host plants 
for offspring 昀椀tness (Kogan and Ortman, 1978). In the 
case of Abelmoschus species, as observed in this study, 
biochemical traits such as phenols, 昀氀avonoids, and sugars 
play a crucial role in positively impacting ovipositional 
non-preference against the okra shoot and fruit borer, E. 

vittella.

Table 3. Step-wise linear regression models to estimate E. vittella ovipositional preference using a combination of 

host-plant (Abelmoschus species) morphological and biochemical traits

Variables Model R2 VIF

FL+TRS Y= 4.90+1.20
FL

-1.92
TRS

0.73 3.70

FL+P Y= -3.76+1.33
FL

+4.19
P

0.75 4.08

FW+TRS Y= 32.06+7.30
FW

-7.25
TRS

0.50 1.99

FW+P Y= -7.11+12.93
FW

+6.06
P

0.40 1.67

T+TRS Y= 35.87+0.11
T
-10.06

TRS
0.51 2.05

T+P Y= 12.10+0.09
T
+1.77

P
0.10 1.11

FL+FW+TRS Y= 15.94+1.42
FL

-3.83
FW

-1.81
TRS

0.74 3.89

FL+FW+P Y= -1.44+1.49
FL

-2.79
FW

+3.77
P

0.76 4.19

FL+T+TRS Y= 12.46+1.09
FL

+0.06
T
-2.71

TRS
0.76 4.19

FL+T+P Y= -3.68+1.30
FL

+0.03
T
+3.35

P
0.76 4.24

FL+TRS+P Y= -0.81+1.28
FL

-0.76
TRS

+3.92
P

0.76 4.10

FW+T+TRS Y= 27.18+5.82
FW

+0.09
T
-7.91

TRS
0.57 2.31

FW+T+P Y= -6.51+12.30
FW

+0.04
T
+4.95

P
0.41 1.71

FW+TRS+P Y= 19.44+8.28
FW

-6.39
TRS

+3.12
P

0.51 2.05

T+TRS+P Y= 43.61+0.12
T
-10.48

TRS
-2.52

P
0.52 2.09

FL+FW+T+TRS Y= 13.49+1.33
FL

-4.18
FW

+0.06
T
-2.62

TRS
0.78 4.49

FL+FW+T+P Y= -0.86+1.49
FL

-3.38
FW

+0.04
T
+2.70

P
0.77 4.42

FL+FW+TRS+P Y= 1.73+1.43
FL

-2.82
FW

-0.81
TRS

+3.48
P

0.76 4.22

FL+T+TRS+P Y= 3.22+1.17
FL

+0.05
T
-1.78

TRS
+2.47

P
0.77 4.34

FW+T+TRS+P Y= 26.99+5.84
FW

+0.09
T
-7.89

TRS
+0.05

P
0.57 2.31

FL+FW+T+TRS+P Y= 7.15+1.35
FL

-3.64
FW

+0.05
T-
2.00

TRS
+1.66

P
0.78 4.56

FL = Fruit Length; FW = Fruit Width; T = Trichomes density; TRS = Total reducing sugar; P = Total protein. 
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Regression analysis 

Based on r/SE (a stringent criterion for identifying 
signi昀椀cant variables for regression analysis), the 
biochemical traits viz., total phenols (TP), total 昀氀avonoids 
(TF), total sugars (TS), total reducing sugar (TRS) and 
total protein (P) were further considered for multiple 
regression analysis.  Step-wise regression analysis of 
all signi昀椀cant host-plant biochemical traits explained 
the variability in the number of eggs laid by E. vittella 
in the range of 16-54 per cent with lower VIF values 
(1.19-2.19, <10.0) suggesting that multicollinearity 
might not be a signi昀椀cant concern in these models. 
The regression equation that involved all the host plant 
biochemical traits explained a maximum of 54 per cent 
of the variability in the number of eggs laid by E. vittella 

(Y =26.71-0.30
TP

+0.32
TF

-1.39
TS

-4.41
TRS

+8.29
P
; R2=0.54; 

VIF=2.19) (Table 2). 

Multiple linear regression analysis conducted 
to further understand the relationship between the 
biochemical traits (TP, TF, TS, TRS & P) and the number 
of eggs laid by E. vittella could explain 54% of the 
variability in the moth egg laying choice. The study also 
considered the combined effect of both morphological 
and biochemical traits of the host plants in a step-wise 
regression model which revealed that together these 
traits could explain a substantial variability of 78% in 
the number of eggs laid by E. vittella. This suggests that 
combining both morphological (fruit length, fruit width, 
trichome density) and biochemical traits (total reducing 
sugars and total protein), could not improve the R2 value 
signi昀椀cantly when compared to morphological traits 
(fruit length, fruit width, trichome density) alone was 
used (R2 =76%; Krishna Kumar et al., 2023). Therefore, 
as demonstrated by Krishna Kumar et al. (2023), host 
plant morphological traits, such as leaf length, stem 
diameter, number of branches, fruit characteristics 
(e.g., length, width, and trichomes density) might play 
a substantial role in shaping the ovipositional preference 
of E. vittella over biochemical traits that were explored 
in the present study.

The biochemical traits alongside previously generated 
morphological traits (the morphological trait data utilized 
in this study were sourced from the research conducted 
by Krishna Kumar et al., 2023) namely, fruit length (FL), 
fruit width (FW), trichomes (T), total reducing sugar 
(TRS) and total protein (P) were considered for multiple 
regression analysis. Step-wise regression analysis of all 
signi昀椀cant host-plant morphological and biochemical 
traits (based on r/SE) explained the variability in the 
number of eggs laid in the range of 41-78 per cent with 
acceptable VIF values (1.11-4.56, <10.0; indicating a 

lack of multi-collinearity). A total of 78 per cent of the 
variability in the number of eggs laid by E. vittella was 
explained by combining all the host plant morphological 
and biochemical traits (Y =7.15+1.35

FL
-3.64

FW
+0.05

T
-

2.00
TRS

+1.66
P
; R2=0.78; VIF=4.56; Table 3).

The results of the polynomial models of different 
orders [(2), (3), (4), (5) and (6)] with all signi昀椀cant traits 
like fruit length, fruit width, trichomes, total reducing 
sugar and total protein  increased the coef昀椀cient of 
determination to the maximum of 99% [R2 = 0.9930, R2 
= 0.9937, R2= 0.9943, R2 =0.9948, for polynomial model 
orders (2), (3), (4) and (5) respectively] and the linear 
model explained to the tune of  98% variability in egg 
laying (Figure 2). Plotting the residuals observed and 
the estimated number of eggs laid by E. vittella using 
the host plant traits (FL, FW, T, TRS and P) showed a 
random dispersal of points across the x-axis (Figure 3).  

 

Fig. 2. Relationship between the proportion of host 

plant morphological and biochemical traits and number 

of eggs laid by E. vittella. Total phenols, TP; Total 

昀氀avonoids, TF; Total sugar, TS; Total reducing sugar, 
TRS & Total protein, P.

Fig. 3. Plot of the residuals against the egg laying of E. 

vittella with selected host plant (Abelmoschus species) 

morphological and biochemical traits as independent 

variables
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Table 4. Direct and indirect effects of host plant (Abelmoschus species) biochemical traits on eggs laid by E. vittella

Pathways of association Direct effects Indirect effects

1. Total phenols

a. Direct effect 0.86

b. Indirect effect via

Total 昀氀avonoids 0.86

Total sugar 0.58

Total reducing sugar 0.47

Total Protein 0.55

2. Total 昀氀avonoids

a. Direct effect -0.91

b. Indirect effect via

Total phenols -0.91

Total sugar -0.60

Total reducing sugar -0.48

Total Protein -0.58

3. Total sugar

a. Direct effect -0.04

b. Indirect effect via

Total phenols -0.03

Total 昀氀avonoids -0.03

Total reducing sugar -0.03

Total Protein -0.01

4. Total reducing sugar

a. Direct effect 0.76

b. Indirect effect via

Total phenols -0.42

Total 昀氀avonoids -0.40

Total sugar -0.63

Total Protein 0.16

5. Total Protein

a. Direct effect 0.05

b. Indirect effect via

Total phenols 0.03

Total 昀氀avonoids 0.03

Total sugar 0.01

Total reducing sugar -0.01

With data support from Krishna Kumar et al., 2023
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With data support from Krishna Kumar et al., 2023

Table 5. Direct and indirect effects of host plant (Abelmoschus species) morphological and biochemical traits on 

eggs laid by E. vittella

Pathways of association Direct effects Indirect effects

1. Fruit length (cm)

a. Direct effect 0.96

b. Indirect effect via

Fruit width (cm) 0.92

Trichomes density (cm2) 0.24

Total reducing sugar -1.13

Total Protein -0.03

2. Fruit width (cm)

a. Direct effect -0.23

b. Indirect effect via

Fruit length (cm) -0.18

Trichomes density (cm2) -0.04

Total reducing sugar 0.15

Total Protein 0.04

3. Trichomes density (cm2)

a. Direct effect 0.06

b. Indirect effect via

Fruit length (cm) 0.01

Fruit width (cm) 0.01

Total reducing sugar 0.002

Total Protein 0.03

4. Total reducing sugar

a. Direct effect 0.20

b. Indirect effect via

Fruit length (cm) -0.17

Fruit width (cm) -0.13

Trichomes density (cm2) 0.01

Total Protein -0.04

5. Total Protein

a. Direct effect 0.18

b. Indirect effect via

Fruit length (cm) -0.004

Fruit width (cm) -0.03

Trichomes density (cm2) 0.08

Total reducing sugar -0.04
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Path co-ef昀椀cient analysis

To reveal direct and indirect associations between 
biochemical traits and number of eggs laid by E. vittella, 
further analyses were carried out under path-coef昀椀cient 
analysis. The results showed that total phenols have a 
strong positive direct effect with a high magnitude (0.86). 
Total phenols also have positive indirect effects via total 
昀氀avonoids (0.86), total sugar (0.58), total reducing sugar 
(0.47) and total protein (0.55). Total 昀氀avonoids have a 
strong negative direct effect (-0.91) and negative indirect 
effects via total phenols (-0.91), total sugar (-0.60), total 
reducing sugar (-0.48) and total protein (-0.58) with 
maximum magnitude. A weaker negative direct effect 
was observed with total sugar (-0.04) and its indirect 
effects also showed a negative effect of a very weak 
magnitude via total phenols (-0.03), total 昀氀avonoids 
(-0.03), total reducing sugar (-0.03) and total protein 
(-0.01). Total reducing sugar has a strong positive direct 
effect with high magnitude (0.76) and indirect effects via 
total phenols (-0.42), total 昀氀avonoids (-0.40), total sugar 
(-0.63) and positive indirect effects via total protein 
(0.16). Total protein has a weak positive direct effect 
with lesser magnitude (0.05) and total protein has very 
weak positive indirect effects via total phenols (0.03), 
total 昀氀avonoids (0.03), total sugar (0.01) and negative 
indirect effects via total reducing sugar (-0.01) (Table 4).

In the case of morphological and biochemical traits 
combined together, fruit length has a positive direct 
effect of 0.96 and signi昀椀cant positive indirect effects via 
fruit width (0.92) and relatively weaker indirect effects 
via trichomes density (0.24), total reducing sugar (-1.13) 
and total protein (-0.03). Fruit width has a negative direct 
effect with reasonable magnitude (-0.23) and negative 
indirect effects via fruit length (-0.18), trichomes density 
(-0.04), total reducing sugar (0.15) and total protein 
(0.04). Trichomes density has a positive direct effect 
with lesser magnitude (0.06) and has very weak indirect 
effects via fruit length (0.01), fruit width (0.01), total 
reducing sugar (0.002) and total protein (0.03). Total 
reducing sugar has a positive direct effect (0.20) and 
has negative indirect effects via fruit length (-0.17), fruit 
width (-0.13), trichomes density (0.01), and total protein 
(-0.04). Total protein has a positive direct effect (0.18); 
indirect negative effect via fruit length (-0.004), fruit 
width (-0.03), total reducing sugar (-0.04) and indirect 
positive effect via trichomes density (0.08) (Table 5).

In path-coef昀椀cient analysis, biochemical traits such 
as total phenols and total 昀氀avonoids showed strong 
positive and negative direct effects on E. vittella egg 
lying respectively. This suggests that they are closely 

related and may have a synergistic or antagonistic effect 
on E. vittella's ovipositional preference. Total reducing 
sugars stood out with strong positive direct and negative 
indirect effects on E. vittella egg lying via total phenols, 
total 昀氀avonoids, and total sugars. These results revealed 
that biochemical traits such as total phenols and total 
昀氀avonoids seem to be particularly important, as they have 
strong direct and indirect effects that might in昀氀uence E. 

vittella's ovipositional preference. When combining the 
morphological and biochemical traits of Abelmoschus 

species to understand their effects on the ovipositional 
preference of E. vittella, a strong direct effect by fruit 
length and total reducing sugars on egg laying was 
noticed indicating that these traits are highly in昀氀uencing 
the egg laying choice of E. vittella. Other morphological 
traits like trichome density have weaker direct effects 
on E. vittella egg-laying choice. The variables namely 
fruit length and fruit width have reciprocal negative 
indirect effects on E. vittella egg laying. Additionally, 
both total reducing sugars and total protein were found to 
have positive and negative indirect effects on E. vittella 
egg laying. Thus, fruit length and total reducing sugars 
appear to be important traits, with strong direct and 
indirect effects on moth egg laying. This suggests that 
these variables may play a signi昀椀cant role in determining 
the attractiveness of host plants to E. vittella.  In other 
words, the present study reveals that longer fruit length 
with higher total protein content is associated with 
increased oviposition, while greater fruit width with 
higher levels of total reducing sugars is associated with 
decreased oviposition. The present study also endorses 
previous 昀椀ndings which identi昀椀ed fruit length and 
total protein content as potential host-plant traits that 
positively in昀氀uenced the egg-laying behaviour of E. 

vittella (Muthukumaran and Ganesan, 2017; Sundararaj 
and David, 1987). Conversely, studies also reported that 
fruit width and higher levels of total reducing sugars had 
an adverse effect on the number of eggs laid by E. vittella 
(Anitha and Karthika, 2018; Sultani et al., 2011).

In conclusion, the present study clearly indicated that 
host plant morphological traits outweigh the host plant 
biochemical traits in the oviposition site selection process 
of E. vittella, in spite of the latter having a signi昀椀cant 
association with moth egg-laying choice. However, 
detailed studies including diverse germplasm might help 
to attain a more comprehensive understanding of the host 
plant traits that shape oviposition preference in okra fruit 
and shoot borer, E. vittella. 
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ABSTRACT: Studies were conducted to understand the effect of weather parameters on the incidence of diamondback 
moth, Plutella xylostella (L.) on cabbage  at Horticulture Farm, Rajasthan College of Agriculture, Udaipur, India during 
rabi, 2019-20 and 2020-21. In both the seasons, a markedly high population of diamondback moth larvae was recorded 
(9.18 larvae/ plant) during the 2nd week of March, 2020 and 10.15 larvae/plant during the 3rd week of March, 2021, 
respectively. Similarly, the peak populations of diamondback moth pupae were noticed during the 4th week of February 
(6.45 pupae/ plant) and the 1st week of March (7.08 pupae/ plant). DBM larval and pupal populations had a signi昀椀cant 
positive correlation with maximum atmospheric temperature and sunshine hours while a signi昀椀cant negative correlation 
was observed with mean relative humidity during both years. The coef昀椀cient of multiple determination (R2 =0.705) and 
(R2 = 0.591) indicated that 70.50 and 59.10 per cent of variation in the larval populations during 2019-20 and 2020-21 
respectively. Similarly, DBM pupal population directed a collective in昀氀uence of 56.60 per cent (R2=0.566) and 50.00 
per cent (R2 = 0.500) during 2019-20 and 2020-21, respectively. 

Keywords: Diamondback moth, cabbage, seasonal incidence, weather parameters 

INTRODUCTION

Cabbage (Brassica oleracea Var. Capitata L.) is a 
leafy vegetable grown for its edible enlarged terminal 
bud. It is cultivated widely in the tropical and temperate 
regions of the world. Many limiting factors have been 
attributed to low production; among them, the chief 
constraint is damage caused by the insect pest complex 
soon after germination till the harvesting. In India, a total 
of 37 insect pests have been reported to feed on cabbage 
(Lal, 1975). Among them, diamondback moth, Plutella 

xylostella (L.) (Lepidoptera: Plutellidae), is recognised 
as the most prominent pest and considered as the most 
devastating insect pest of cruciferous crops worldwide. 
Diamondback moth, hereafter “DBM”, is a dominant 
pest in more than 100 countries across the globe. DBM 
considered to be one of the most devastative pests of 
cabbage and other Brassica crops worldwide (Talekar 
and Shelton, 1993; Shelton and Badenes-perez, 2006). It 
in昀氀uences cruciferous plants, peculiarly Brassica crops 
in particular cabbage, cauli昀氀ower, broccoli, brussels 
sprout, kale and turnip (Talekar, 1992; Alam, 1992). 
DBM manifests a marked preference for cabbage and 
cauli昀氀ower as these crops equip olfactory and gustatory 
stimuli for successful selection and colonization with 
昀氀eshy and succulent leaves. It destructs the crop by 
feeding on the foliage and infests by multitudes of larvae 
which hinders the growth of the plant leading to a notable 
reduction in yield. The yield loss is evaluated to vary 

from 31 to 100 per cent (Abraham and Padmanabhan, 
1968) and 52 per cent to 100 per cent (Anuradha, 1997; 
Cardleron and Hare, 1986). 

The modifying cropping pattern, monoculture, 
intensive cultivation of high yielding varieties, 
negligence of crop rotation, non-adoption of summer 
ploughing besides negation of other cultural practices 
and injudicious use of insecticides have aggravated this 
pest problem in cruciferous vegetables. Commercial 
consideration of cabbage crop has compelled the growers 
to go for frequent and injudicious use of insecticides for 
better marketable yield. As a result, DBM has developed 
resistance to most commonly used insecticides 
(Atumurirava et al., 2011; Zhou et al., 2011) and was 
reported as the 昀椀rst species to develop resistance to some 
toxins of Bacillus thuringiensis (Tabashnik and Cushing, 
1987; Talekar and Shelton, 1993). To reduce yield losses 
caused by DBM, farmers routinely follow chemical 
control, due to the lack of reliable alternatives and the 
availability of relatively cheaper insecticides (Talekar 
and Shelton, 1993). Furthermore, it has led to several 
problems viz., multiple resistance to commonly used 
insecticides (Ribeiro et al., 2014), pesticide resurgence 
(Nemato et al., 1984), residue problems, in-ef昀椀ciency 
of natural enemies and environmental pollution, etc. In 
current estimation, the area, production and productivity 
of cabbage in Rajasthan have declined rapidly from 
1.29 lakh ha, 19.66 lakh metric tonnes and 15.27 metric 
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tonnes per ha, respectively in the year 2016-17 to 1.20 
lakh ha, 11.69 lakh metric tonnes and 9.74 metric tonnes 
per ha, respectively in the year 2017-18 and numerous 
farmers abandoned the cultivation of cabbage in the 
state (Anonymous, 2018). Weather conditions play 
important role in managing DBM, therefore, the weather 
parameters are studied in the present study to understand 
their in昀氀uence on DBM larval and pupal populations. 

MATERIALS AND METHODS

In order to study the weather parameters and their 
multiple corrections on DBM larval and pupal populations, 

the experiment was laid out at the Horticulture Farm, 
Rajasthan College of Agriculture, Maharana Pratap 
University of Agriculture and Technology, Udaipur. 
Udaipur region comes under the agro-climatic zone, 
“Sub-humid Southern Plain and Aravalli Hills of 
Rajasthan”, which is situated at an altitude of 582.17 
meters above mean sea level, at 24˚35’ N latitude and 
74˚42’ E longitude. The region is characterized by a sub-
tropical climate with typical winters and summers. The 
average annual rainfall ranges from 592.5 mm to 620 
mm. The maximum rainfall is received from mid-June to 
September with scanty showers during the winter season. 

Table 1. Seasonal incidence of diamondback moth on cabbage during Rabi, 2019-20

SMW

Atmospheric 

Temperature (oC)
   Relative Humidity (%)

Sunshine (Hrs.) Mean / plant

Larvae Pupae Infestation 

(%)Max. Min. Mean Morning Evening Mean

48 26.30 13.30 19.80 88.90 58.00 73.45 3.80 0.62 0.00 1.67

49 24.00 8.10 16.05 86.10 31.40 58.75 5.60 0.88 0.00 2.50

50 24.30 7.50 15.90 88.00 37.70 62.85 6.50 1.13 0.00 5.83

51 23.50 6.60 15.05 82.40 40.10 61.25 7.20 2.05 0.00 8.33

52 21.50 4.70 13.10 82.60 39.40 61.00 5.80 2.62 0.17 12.50

1 21.20 6.80 14.00 86.70 49.30 68.00 5.10 3.52 0.27 20.83

2 22.10 5.20 13.65 81.70 40.40 61.05 7.10 4.17 0.43 25.00

3 21.00 6.40 13.70 86.40 42.00 64.20 5.60 4.65 0.73 27.50

4 24.70 7.90 16.30 82.70 31.30 57.00 8.60 5.48 1.53 30.83

5 22.30 4.50 13.40 85.00 36.30 60.65 8.60 6.27 2.07 42.50

6 23.00 4.40 13.70 80.30 34.40 57.35 8.60 6.72 2.67 38.33

7 28.50 7.70 18.10 77.40 21.90 49.65 8.60 7.30 4.23 39.17

8 28.10 9.00 18.55 76.00 29.00 52.50 7.90 8.20 6.45 45.83

9 30.20 10.90 20.55 73.40 26.60 50.00 7.60 8.65 2.03 48.33

10 26.60 10.20 18.40 71.90 34.40 53.15 9.00 9.18 1.03 54.17

Coef昀椀cient of correlation (r) between population and atm. temp. Maximum Temp. 0.50 0.55* -

Minimum Temp. 0.05 0.04

Mean Temp. 0.31 0.34

Coef昀椀cient of correlation (r) between population and relative 
humidity

Morning RH -0.85* -0.57*

Evening RH -0.62* -0.62*

Mean -0.77* -0.65*

Coef昀椀cient of correlation (r) between population and sunshine 0.78* 0.57*

SMW = Standard Meteorological Week; *Signi昀椀cant at 5% level 
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Seedlings of cabbage variety, Golden acre recommended 
for the zone was transplanted on prepared 昀椀eld, with 
uniformly sized plots of 4.5 m x 4.5 m laid out in RBD 
during the last week of October, 2019-20 and 昀椀rst week 
of November, 2020-21. Intercultural operations were 
performed as per the package of practices recommended 
by the Directorate of Research, MPUA&T, Udaipur, 
Rajasthan. The population of DBM on cabbage was 
recorded at weekly intervals for the appearance of DBM 
larva and pupae in the course of each sampling. The 
prevalence of DBM infestation was recorded in terms of 
the number of larvae and pupae per plant on 10 randomly 

selected plants. The extent of damages by DBM larvae 
was recorded by sampling randomly selected 20 plants 
per plot from six plots.  Weekly meteorological data of 
abiotic factors viz., atmospheric temperature (maximum 
and minimum), relative humidity (morning and evening) 
and sunshine (hrs) were obtained from Agromet 
observatory, Rajasthan College of Agriculture, Udaipur. 

The abiotic factors viz., atmospheric temperature 
(maximum and minimum), relative humidity (morning 
and evening) and sunshine (hrs) were recorded during 
the crop season and their simple correlation with the 

Table 2. Seasonal incidence of diamondback moth on cabbage during Rabi, 2020-21

SMW

Atmospheric 

Temperature (oC)
   Relative Humidity (%)

Sunshine (Hrs) Mean / plant

Larvae Pupae Infestation 

(%)Max. Min. Mean Morning Evening Mean

49 30.40 10.20 20.30 76.10 27.30 51.70 8.80 0.65 0.00 0.83

50 24.50 12.10 18.30 85.40 52.10 68.75 4.10 0.87 0.00 3.33

51 23.30 4.30 13.80 80.90 26.70 53.80 7.90 1.62 0.00 6.67

52 22.50 3.80 13.15 81.90 27.80 54.85 8.30 2.32 0.00 9.17

1 24.00 8.70 16.35 85.70 46.70 66.20 3.40 3.07 0.12 14.17

2 22.80 9.70 16.25 90.60 51.40 71.00 4.30 4.28 0.20 15.83

3 27.30 7.50 17.40 87.90 32.90 60.40 8.30 4.83 0.47 17.50

4 24.50 4.10 14.30 83.10 28.10 55.60 8.80 5.53 1.02 19.17

5 26.10 4.40 15.25 76.10 23.10 49.60 8.60 6.20 1.40 21.67

6 26.60 5.90 16.25 75.60 22.30 48.95 8.70 7.12 2.13 32.50

7 29.00 8.00 18.50 74.40 23.10 48.75 8.30 8.20 1.98 36.67

8 29.60 8.90 19.25 65.40 18.30 41.85 9.30 8.68 4.08 39.17

9 32.30 11.40 21.85 64.90 23.10 44.00 9.60 9.28 7.08 49.17

10 33.10 13.10 23.10 54.40 26.50 40.45 9.50 9.53 3.37 52.50

11 33.30 14.70 24.00 57.40 27.10 42.25 8.50 10.15 1.50 58.33

Coef昀椀cient of correlation (r) between population and atm. 
temp.

Maximum Temp. 0.70* 0.66* -

Minimum Temp. 0.35 0.32

Mean Temp. 0.58* 0.54*

Coef昀椀cient of correlation (r) between population and relative 
humidity

Morning RH -0.76* -0.68*

Evening RH -0.54* -0.52*

Mean -0.72* -0.67*

Coef昀椀cient of correlation (r) between population and sunshine 0.53* 0.54*

SMW = Standard Meteorological Week; *Signi昀椀cant at 5% level 
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population of insect pests and natural enemies were 
evaluated by the Karl Pearson formula of correlation 
coef昀椀cient (Fowler et al., 1998). The calculated t-value 
obtained was compared with tabulated t-value 5 per cent 
level of signi昀椀cance.

RESULTS AND DISCUSSION

The data on seasonal incidence of DBM on cabbage 
during Rabi, 2019-20 has been presented in Table 1. 
Multiple correlation analysis presented in Table 3. The 
DBM larvae started appearing from the 1st week of 
December, 2019 (48th SMW) and reached its peak of 9.18 
larvae/ plant during the 2nd week of March, 2020 (10th 
SMW). The larval populations endured till the harvest of 
crop. During the peak incidence, the mean temperature, 
mean relative humidity and sunshine hrs were 18.40 ‐, 
53.15 % and 9.00 hrs, respectively. The extent of damage 
or per cent plant infestation by the larvae of DBM were 
ranged from 1.67-54.17 per cent. The larval incidence 
had a signi昀椀cant positive correlation (r = 0.50) with 
maximum atmospheric temperature and sunshine hours 
(r = 0.78). Although, a signi昀椀cant negative correlation 
(r = - 0.77) was observed with mean relative humidity. 
Meagre total rainfall of 3.00 mm was documented 
during the Rabi, 2019-20 and hence no signi昀椀cant 
relations were observed between rainfall and insect 
populations. The percentage plant infestation by DBM 
larvae was 1.67 - 54.17 during Rabi, 2019-20. Similarly, 
the DBM pupal population appeared from the 4th week 
of December, 2019 (52nd SMW) and reached its crest of 
6.45 pupae/ plant during the 4th week of February, 2020 
(8th SMW) and prevailed till the harvest of crop. At the 
time of peak, pupae per plant, the mean temperature, 
mean relative humidity and sunshine were 18.55 ‐, 
52.50% and 7.90 hrs, respectively. The pupal population 
had a signi昀椀cant positive correlation with maximum 
atmospheric temperature (r = 0.55) and sunshine hours 
(r = 0.57) whereas signi昀椀cant negative correlation (r = 
-0.65) was observed with mean relative humidity.

The multiple linear regression analysis directed that 
atmospheric parameter (mean atmospheric temperature, 
mean relative humidity and total sunshine) obligated a 
combined encouragement on DBM larval population. 
The coef昀椀cient of multiple determinations (R2) was 0.705 
indicating that 70.50 per cent of the variation in the larval 
populations was explained by the explanatory variables. 
In multiple linear regression equation, the regression 
coef昀椀cient b

1
= 0.150 depicts that X

2
 (mean relative 

humidity) and X
3
 (total sunshine) constant, with one 

degree increase in X
1
 (mean temperature) commanded 

on the average to about 0.150 per cent increase in DBM 

larval populations. In a similar way, b
2
= -0.139 means 

that holding X
1
 and X

3
, constant and 1 per cent increase 

in X
2
 (mean relative humidity) led from average to about 

0.139 per cent decrease in DBM larvae. Likewise, b
3
=-

0.865 means that holding X
1
 and X

2
 constant and 1 hr 

increase in X
3
 (sunshine) led average to about 0.865 

per cent increase in DBM larvae.
 
Similarly, the multiple 

linear regression analysis for pupal population directed 
a collective in昀氀uence of 56.60 per cent (R2=0.566) on 
DBM pupal population. The coef昀椀cient of multiple 
determinations (R2) was 0.566 indicating that 56.60 per 
cent of variation in the larval populations was explained 
by the explanatory variables. The regression coef昀椀cient 
b

1
= 0.222 held X

2
 (mean relative humidity) and X

3
 (total 

sunshine) constant, with one degree increase in X
1
 (mean 

temperature) directed on the average to about 0.222 per 
cent increase in DBM pupal population. likewise, b

2
= 

-0.082 which held X
1
 and X

3
, constant and 1 per cent 

increase in X
2
 (mean relative humidity) led from average 

to about 0.082 per cent decrease in DBM pupae and 
b

3
=0.520 which held X

1
 and X

2
 constant and 1 hr increase 

in X
3
 (sunshine) led from average to about 0.520 per cent 

increase in DBM pupae.

The data on seasonal incidence of DBM on cabbage 
during Rabi, 2020-21 is presented in Table 2. Multiple 
correlation analysis presented in Table 3. The incidence 
of DBM larvae initiated in the second week of December 
(49th SMW, 2020) with count of 0.65 larvae/plant. 
Afterward, the infestation elevated and reached its peak 
(10.15 larvae/plant) during the third week of March (11th 
SMW, 2021), while the prevailing mean atmospheric 
temperature, mean relative humidity and total sunshine 
were 24.00 °C, 42.25% and 8.50 hrs, respectively. 
The extent of damage or per cent plant infestation by 
the larvae of DBM were ranged from 0.83-58.33 per 
cent. The DBM larval population exhibited positively 
signi昀椀cant correlation with mean temperature (r= 0.58) 
and sunshine (r= 0.53), while negatively non-signi昀椀cant 
with mean relative humidity (r= -0.72). Meagre total 
rainfall of 12.60 mm was recorded during the Rabi, 
2020-21, hence no signi昀椀cant relations were observed 
between rainfall and insect populations. The percentage 
plant infestation by DBM larvae was 0.83 - 58.33 during 
Rabi, 2020-21. Likewise, the DBM pupal population 
noticed from the 1st week of January (1st SMW, 2021) 
and touched its crest of 7.08 pupae/ plant during the 1st 
week of March (9th SMW, 2021). During peak pupae 
per plant, the mean temperature, mean relative humidity 
and sunshine were 21.85 ‐, 44.00% and 9.60 hrs, 
respectively. The pupal population had a signi昀椀cant 
positive correlation with mean atmospheric temperature 
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(r = 0.54) and sunshine hours (r = 0.54). Although, a 
signi昀椀cant negative correlation (r = -0.67) was observed 
with mean relative humidity.

The multiple linear regression analysis revealed that 
atmospheric parameters (mean atmospheric temperature, 
mean relative humidity and total sunshine) obliged a 
collective reassurance on DBM larval population. The 
coef昀椀cient of multiple determination (R2) was 0.591 
indicating that 59.10 per cent of variation in the DBM 
larval populations was explained by the explanatory 
variables. In multiple linear regression equation, the 
regression coef昀椀cient b

1
= 0.205 means that held X

2
 (mean 

relative humidity) and X
3
 (total sunshine) constant, 

with one degree increase in X
1
 (mean temperature) 

directed on average 0.205 per cent increase in DBM 
larval population. In the same way, b

2
= -0.283 means 

that holds X
1
 and X

3
, constant and 1 per cent increase in 

X
2
 (mean relative humidity) led from average to about 

0.283 per cent decrease in larval populations. Equally, 
b

3
=-0.447 holds X

1
 and X

2
 constant and 1 hr increase 

in X
3
 (sunshine) led from average to about 0.447 per 

cent decrease in number of larvae. The multiple linear 
regression analysis for pupal population had a collective 
in昀氀uence on DBM pupal population. The coef昀椀cient 
of multiple determinations (R2) was 0.500 indicating 
that 50.00 per cent of variation in the DBM pupal 
populations was explained by the explanatory variables. 
The regression coef昀椀cient b

1
= 0.166 means that held X

2
 

(mean relative humidity) and X
3
 (total sunshine) constant, 

with one degree increase in X
1
 (mean temperature) 

focused on the average to about 0.166 per cent increase 
in DBM pupal population. Similarly, b

2
= -0.095 means 

that held X
1
 and X

3
, constant and 1 per cent increase in 

X
2
 (mean relative humidity) led from average to about 

0.095 per cent decrease in DBM pupae and b
3
= 0.088 

means that held X
1
 and X

2
 constant and 1 hr increase in 

X
3
 (sunshine) led from average to about 0.088 per cent 

increase in DBM pupal populations.

Similarly, Mahendran et al. (2017) observed that 
initial larval and pupal populations of P. xylostella were 
seen during the 52nd meteorological week, with a mean 
density of 1.27 to 1.30 larvae and pupae/ 10 plants and 
peak populations during 9th SMW with 102.55 to 111.15 
larvae and pupae/10 plants. They witnessed that larval 
and pupal populations were positively signi昀椀cant with 
sunshine hours as well as maximum and minimum 
temperature during the 昀椀rst year of the experiment 
while positive non-signi昀椀cant during the second year, 
respectively while relative humidity was negatively 
signi昀椀cant during the 昀椀rst year and negatively non-
signi昀椀cant during the second year.

 In the present investigation, DBM larval incidence 
had a signi昀椀cant positive correlation with maximum 
atmospheric temperature and sunshine hrs whereas, 
mean relative humidity had a signi昀椀cant negative 
correlation during both the seasons. Meagre total rainfall 
of 3.00 mm and 12.60 mm were recorded during the 

Table 3. Multiple linear regression for key weather parameters on diamondback moth on cabbage during Rabi, 

2019-20 and 2020-21

Season Insect Regression equation

Regression coef昀椀cients
Multiple 

correlation 

coef昀椀cient (R)

Coef昀椀cient 
of multiple 

determination 

(R2)

b
1

b
2

b
3

Rabi, 

2019-20
Diamondback 
moth larvae

Y = 4.447+(0.150)X
1
+

(-0.139)X
2
+(0.865)X

3

0.150* -0.139* 0.865* 0.839 0.705 (70.50%)

Rabi, 

2019-20
Diamondback 
moth pupae

Y = -0.688+(0.222)X
1
+

(-0.082)X
2
+(0.520)X

3

0.222* -0.082* 0.520* 0.752 0.566 (56.60%)

Rabi, 

2020-21
Diamondback 
moth larvae

Y = 20.399+(0.205)X
1
+

(-0.283)X
2
+(-0.447)X

3

0.205* -0.283 -0.447* 0.769 0.591 (59.10%)

Rabi, 

2020-21
Diamondback 
moth pupae

Y = 2.927+(0.166)X
1
+

(-0.095)X
2
+(0.088)X

3

0.166* -0.095* 0.088* 0.707 0.500 (50.00%)

*Signi昀椀cant at 5 per cent level of signi昀椀cance; Observations = 11; Y = Dependent variable; insect populations; 
X

1 
= Mean Atm. Temperature (oC); X

2 
= Mean Relative Humidity (%); X

3 
= Mean Sunshine (hour) (mm)

Partial regression coef昀椀cient b
1:
 b

yx1.x2x3, 
b

2:
 b

yx2.x1x3, 
b

1:
 b

yx3.x1x2
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Rabi, 2019-20 and 2020-21 seasons, respectively, hence 
no signi昀椀cant relations were noticed between rainfall 
and insect populations. The results obtained from the 
present experiment revealed that the incidence of DBM 
was signi昀椀cantly affected by temperature and sunshine 
positively whereas relative humidity negatively Similarly, 
Venkateswarlu et al. (2011) observed DBM larval 
populations appearance during the 1st week of February 
and peak incidence (7.9 larvae /plant) during the 1st week 
of March. They also revealed that maximum temperature 
among different abiotic factors had a signi昀椀cant positive 
correlation while mean relative humidity had a signi昀椀cant 
negative correlation with the population of P. xylostella. 

Patra et al. (2013) found that the maximum population 
of the P. xylostella was documented on 1st March and 
23rd February of about 13.60 and 14.33 larvae per plant 
during a couple of seasons, respectively on cabbage crop 
and the maximum temperature had a signi昀椀cant effect 
in elevating the population of P. xylostella. Similarly, 
Rahimgul and Sasya (2016), conducted research on the 
cabbage cultivar Golden acre during Rabi, 2015-2016 at 
Allahabad and reported that DBM larvae commenced 
from the 2nd week of February with an average 0.25 
larvae/plant and reached a peak level of 3.40 larvae/ 
plant at 4th week of March. Jat et al. (2017) also reported 
the incidence of DBM in the 4th week of January and 
peak during the 4th week of February (13.10 larvae/昀椀ve 
plants). They found that DBM population exhibited a 
positive signi昀椀cant correlation with temperature and 
a negative non-signi昀椀cant correlation with relative 
humidity and rainfall. Similarly, Jat et al. (2017) 
evidenced that infestation of DBM was started during the 
2nd week of December during Rabi, 2012-13 and 2013-
14 and reached its crest with a mean population of 5.40 
and 5.20 larvae/plant in the 5th and 6th SMW during both 
the years, respectively. They found that DBM population 
exhibited a positive correlation with mean temperature 
and a negative correlation with mean relative humidity. 

During the study period, the larval incidence of 
DBM on cabbage started from the 1st week of December, 
2019 and the second week of December during the 
Rabi, 2019-20 and 2020-21, respectively. During both 
seasons, a noticeably high population of DBM larvae 
was recorded as 9.18 larvae/ plant during the 2nd week 
of March, 2020 and 10.15 larvae/plant during the 3rd 
week of March, 2021, in the respective crop season. The 
DBM pupal population was heeded from the 4th week of 
December and the 1st week of January during both years, 
respectively. The peak populations were noticed during 
the 4th week of February (6.45 pupae/ plant) and the 1st 
week of March (7.08 pupae/ plant). DBM larval and 

pupal populations had a signi昀椀cant positive correlation 
with maximum atmospheric temperature and sunshine 
hrs while a signi昀椀cant negative correlation was observed 
with mean relative humidity during both years. The 
coef昀椀cient of multiple determination (R2 =0.705) and 
(R2 = 0.591) indicated that 70.50 and 59.10 per cent of 
variation in the larval populations during 2019-20 and 
2020-21 respectively. Similarly, DBM pupal population 
directed a collective in昀氀uence of 56.60 per cent 
(R2=0.566) and 50.00 per cent (R2 = 0.500) during 2019-
20 and 2020-21, respectively. The information is helpful 
for developing ef昀椀cient pest management strategies 
against DBM populations in Southern Rajasthan and 
similar agro-ecological regions.
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Preference of brinjal hadda beetle, Henosepilachna vigintioctopunctata (Fabricius) 

(Coccinellidae: Coleoptera) to different solanaceous weed plant hosts
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ABSTRACT: Surveys were conducted to record the incidence of hadda beetle Henosepilachna vigintioctopunctata 
on Solanaceous weed hosts during the brinjal off-season during 2021 and 2022. The maximum mean population of 
hadda beetle was recorded on Physalis angulata (20.59) followed by Solanum trilobatum (6.88), Datura metal (6.26) 
and Solanum nigrum (6.06). The preference and biology of hadda beetle observed on the solanaceous weed hosts at 
the Department of Entomology, Faculty of Agriculture, Annamalai University, Tamil Nadu, India. Feeding preference 
towards the solanaceous hosts was P.angulata >S. nigrum>S. trilobatum>D. metal. The oviposition preference was 
P.angulata >D. metal>S. nigrum>S. trilobatum.The shotest total larval period was on P.angulata(12.55 days) followed 
by S. nigrum (13.30 days), S. trilobatum (14.30 days) and D. metal (15.75 days). The maximum female longevity 
observed on P. angulata (54.35 days) followed by S. nigrum (52.30 days), D. metal (37.20 days) and S. trilobatum 
(36.20 days). Similarly, the longevity male was maximum on P. angulata (56.55 days) followed by S. nigrum (53.60 
days), S. trilobatum (40.40 days) and D. metal (35.25 days).         

Keywords: Hadda beetle, off-season, weed hosts, host preference, brinjal 

INTRODUCTION

Brinjal, Solanum melongena Linnaeus is one of the 
most important solanaceous vegetable crops majorly 
cultivated in tropical and sub-tropical countries of 
the world (Sarker et al., 2006). India is one of the 
major Brinjal producers globally after China with the 
production of 12.61 million metric tons in the 昀椀scal 
year 2023 (Statista, 2023). Brinjal is a highly nutritious 
vegetable renowned for its rich phosphorus, iron, and B 
complex vitamins, eggplant serves as a vital component 
of diets with health bene昀椀ts (Gurubuz et al., 2018). 

The Brinjal cultivation in India is affected by many 
insect pests such as fruit and shoot borer, leafhoppers, 
mites, white昀氀ies, aphids, thrips, spotted/ hadda 
beetles, leaf roller, stem borer, and blister beetle. 
Among them, the Hadda beetle, Henosepilachna 

vigintioctopunctata(Fabricius) (Coccinellidae: 
Coleoptera) is one of the most destructive defoliating 
insect pests. Both the immature and adult stages of the 
hadda beetles feed on the chlorophyll content of the 
leaves resulting in skeletonization and drying in later 
stages. It affects the plant growth and leading to heavy 
economic yield loss (Ali et al., 2017; Sharma et al., 
2017). 

Hadda beetle distribution is reported in many tropical 
and sub-tropical countries. In India apart from Brinjal, 
the Hadda beetle is reported as the key pest of many 
cultivated plants and weed plants of Solanaceae and 

Cucurbitaceae such as potato, tomato, S. bonariense, 
Datura stramonium L., D. metel L., D. innoxia Mill, 
S.nigrum L., S. torvum L., S. trilobatum, Physalis 
sp., Withania somnifera L., Momordica charantia L., 
Benincasa cerifera Savi, Cucumissativus L., Luffa 

cylindrica Roem., Coccinia grandis (Mohansundaram 
and Uthamaswamy, 1973; Islam et al., 2011; Manikandan 
et al., 2019a).

The chance of survivability of the Hadda beetle is 
higher due to its wider host range. The beetles move to 
their alternate host when unfavorable conditions such 
as pesticide applications, and unavailability of crops 
occur in the 昀椀elds. Though the farmer follows weed-
free practices in their 昀椀elds many alternate host plants 
are available to the pests in unmanaged ecosystems.  
For effective pest management practices availability of 
alternate hosts during the off-season and their interaction 
with pests should be known. Keeping in this view, 
the present experiment was conducted to know the 
potential off-season host plants of the hadda beetles in 
the ecosystem and their impact on the biology of Hadda 
beetles.

MATERIALS AND METHODS

2.1. Survey for the alternate host of H. 

vigintioctopunctata

A 昀椀eld survey was conducted on roadside 
landscapes for the alternate hosts of Henospilachna 
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vigintioctipunctata in the major egg plant-growing 
villages of Kollidam block, Mayiladuthurai district, 
Tamil Nadu, India. The ten villages were selected 
for survey viz., Puthur, Serugudi, Pudhupattinam, 
Madhanam, Achalpuram, Thandavankulam, Arasur, 
Mahendrapalli and Thirumullaivasal. Five spots in the 
roadside landscapes for each village were pre-located 
and the weekly surveys were conducted during May- 
June in 2021 and 2022. The data were recorded based on 
damage symptoms and the presence of insect stages on 
different weed hosts. Weekly data from all ten villages 
were averaged and expressed as the mean for May and 
June 2021 and 2022.

2.2. Preference of H. vigintioctopunctata towards 

solanaceous hosts 

2.2.1. Laboratory rearing of H. vigintioctopunctata

To ensure accuracy in preference among solanaceous 
weed hosts, beetles were not multiplied on selected weed 
hosts. Brinjal was used as the host for insect rearing. 
Adults of H. vigintioctopunctatawere collected from 
the unsprayed brinjal 昀椀elds in Annamalai University, 
Chidambaram, Tamil Nadu, India. Released into potted 
brinjal plant (Variety: Annamalai brinjal) in the cage. Once 
the egg laying was completed adults were removed and 
the plant was kept undisturbed in laboratory conditions 
at 27±2˚C, 85% RH. Immediately after hatching, the 
grubs were transferred on to fresh and healthy host plant 
leaves by using a soft brush. The cut end of each leaf 
petiole was wrapped with wet cotton to prevent water 
loss from the leaves and kept plastic trays covered with 
a 昀椀ne cotton cloth. Leaves were replenished once in two 
days. The grubs were reared until adult emergence and 
the above process was repeated throughout the study 
period.

2.2.2. Feeding preference test by the free and no-

choice method:

Laboratory-maintained third-in star grubs were used 
for the experiment under laboratory conditions of 28±20C 
and 90 per cent relative humidity. Fresh and undamaged 
leaves of 昀椀ve solanaceous weed hosts were collected 
from the pot culture. Leaf discs were made in the size 
of 3.7cm2. For the free-choice method, 20 cm diameter 
plastic Petri plates were used for the experiment. The 
昀椀lter paper was placed inside the Petri plates and the leaf 
discs of selected hosts were placed equidistantly. For 
the no-choice test, 9cm diameter Petri plates were used 
with single leaf discs of selected host plants kept in the 
individual Petri plates. The pre-starved (for four hours) 
test insects were released in the Petri plates and kept in 
undisturbed condition. The above setup was replicated 

thrice under a completely randomized design. Leaf area 
fed by insect was calculated using graph sheets48 hours 
after grub release.

2.2.3. Oviposition preference test by the free and no-

choice method:

For the free-choice test, one plant for each host was 
placed at an equal distance within the oviposition cage, 
and 昀椀ve pairs of freshly emerged adults were released. 
For the No-choice test, each test host plants were kept 
individually in the cage and a pair of freshly emerged 
adults was released. The number of eggs laid on the plant 
was counted at 10 days after the release of adults. Three 
replications were and maintained data collected and 
pooled together.

2.3. Effect of solanaceous weed hosts on developmental 

stages of H. vigintioctopunctata

The newly hatched larvae from the laboratory insect 
culture were released on the fresh leaves of selected host 
plants kept in 30 cm diameter individual plastic trays and 
continuously provided with the same host plants. The egg 
masses collected from the culture reared on selected host 
plants were kept on 20 cm diameter individual plastic 
trays for each host plant. Once larvae started to emerge 
from eggs, fresh foliage of selected host plants was 
regularly provided until pupation. All the treatments were 
replicated three times with twenty number of larvae per 
replication, and each developmental stage was recorded 
daily. Based on the observations incubation period, in 
star viz., larval period, pre-pupal period, pupal period 
and total developmental stage period were calculated.

2.4. Effect of solanaceous weeds hosts on oviposition, 

fecundity and longevity of H. vigintioctopunctata

The newly hatched adults reared from selected hosts 
were collected and kept in plastic trays allowing for 
matting. The mating pairs were collected and released 
into transparent plastic jars provided with twigs of 
selected host plants. All the treatments were replicated 
three times with twenty pairs of adults per replication. 
Based on the observations, pre-oviposition period, 
oviposition period, post-oviposition period, fecundity, 
and adult longevity (male and female) were calculated. 

2.5. Statistical analysis

The data obtained from the 昀椀eld survey and 
昀椀eld evaluation were analysed statistically using 
randomized block design (RBD) and all the laboratory 
experiment data were analysed using completely 
randomized block design (CRD) as per the methods 
described by Panse and Sukhatme (1978).
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RESULTS AND DISCUSSION

The survey on the incidence of hadda beetle on 
solanaceous weed hosts was conducted during May 
and June in of 2021 and 2022. These months were 
reported as times of reduced brinjal cultivation or off-
season by Manikandan et al. (2019a). The survey was 
conducted on the four solanaceous weed hosts located 
in the undisturbed ecosystems particularly along the 
sides of the canals and roadside landscapes at the survey 
locations. While farmer removes the weeds acting as 
alternate hosts from 昀椀elds, weed hosts in undisturbed 
ecosystems such as roadsides and canal bunds and may 
still be available to pests. Hence, the hosts located in the 
roadsides and canal bunds were selected as survey spots. 
Earlier 昀椀ndings revealed the pest incidence in alternate 
host located in undisturbed ecosystem like roadside 
landscape. Manikandan and Rengalakshmi (2023) 
reported the incidence of leaf-twisting weevils on Indian 
butter trees on roadsides. Additionally, Manikandan et 

al. (2022a) reported the heavy incidence of Red pumpkin 
beetles on calotrop is on the roadside when the cucurbit 
plants were not available or not accessible. 

3.1. Incidence of H. vigintioctopunctataon solanaceous 

weed hosts

Many phytophagous insect pests feed on multiple 
hosts, but most of them feed on the host plants from 

the same families or related families. Surveying 
the pest incidence on alternate hosts from the same 
family of economic crops can effectively highlight the 
importance of these alternate hosts in survey locations. 
Saravanraman et al. (2016) surveyed alternate hosts for 
the sesame webworm, Antigastra catalaunalis in the 
Pedalaceae family in Cuddalore district, Tamil Nadu. 
Meanwhile, Manikandan et al. (2019a) surveyed the 
solanaceous weed hosts for the incidence of hadda 
beetle, Henosepilachna vigintioctopunctta in Cuddalore 
district, Tamil Nadu. 

The result of the survey conducted for the incidence 
of hadda beetle on solanaceous weed hosts such as D. 

metal (Picture-1), S. trilobatum (Picture-2), S. nigrum 
(Picture-3) and P. angulata (Picture-4) during off-season 
showed that the maximum mean population during May 
2021 was recorded on P.angulata (19.44) followed by S. 

trilobatum (6.81), S. nigrum (5.62) and D. metal (2.66). 
During June 2021 the maximum incidence recorded on 
P.angulata (16.50) and the incidence of hadda beetle 
were statistically non-signi昀椀cant on S. trilobatum (6.78), 
D. metal (6.21) and S. nigrum (5.92). A similar trend 
was found in the results of May and June 2022 (Table 
1). These 昀椀ndings were supported by Manikandan et 

al. (2019a), who also recorded the maximum incidence 
of hadda beetles on P. angulata among the solanaceous 
plants, as well as by Isaianbu and Manikandan (2020).

Table 1. Incidence of H. vigintioctumpunctata on different solanaceous weeds hosts

Host plant

Mean number of insects/ plant

Mean

May, 2021 June, 2021 May, 2022 June, 2022

S.nigrum
5.62

(2.57) a

5.92

(2.63) a

6.21

(2.68) a

6.50

(2.74) a
6.06

P.angulata
19.44

(4.52)

16. 50

(4.17) b

22.12

(4.81)

20.20

(4.59) b
20.59

S.trilobatum
6.81

(2.79)  b

6.78

(2.79) a

7.21

(2.86) b

6.72

(2.77) a
6.88

D.metal
6.10

(2.66) a

6.21

(2.68) a

6.32

(2.70) a

6.40

(2.72) a
6.26

SE(d) 0.057 0.077 0.062 0.105

C.D. 0.117 0.159 0.128 0.217

Each value is the mean of ten replications Values in the parentheses are square root transformed Value with different 
alphabets differs signi昀椀cantly

Host preference of brinjal hadda beetle
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3.2. Feeding preference of H. vigintioctipunctata on 

solanaceous weed hosts

Data of leaf area consumption of H. 

vigintioctipunctatain free choice test on the solanaceous 
weed hosts at 48 hours after release (HAR) of larvae 
showed that the maximum leaf area consumption 
recorded on P.angulata (6.33 cm2) followed by S. nigrum 
(4.21 cm2), S. trilobatum (3.44 cm2) and D. metal (1.11 
cm2). In the no-choice test, leaf area consumption at 48 
HAR data revealed that the highest leaf area consumption 
was on P.angulata (2.65 cm2) followed by S. nigrum 
(1.13 cm2), S. trilobatum (0.38 cm2), D. metal (0.31 cm2) 
(Figure-1). 

Although some insect pests feed on the host plants 
from the same family the preference level varies from 
host to host. Imura and Ninomiya (1998) also recorded 
the feeding of hadda beetle by image processing method 
on different hosts and reported the variability in the 
leaf consumption.  Manikandan et al. (2022b) reported 
the variation in the preference of pumpkin beetle, 
Aulocophora spp. towards the host plants belonging 
to the cucurbitaceous family under in-vitro conditions. 
Several earlier reports indicated that hadda beetle 
infestation varies among various solanaceous plants 
including weed hosts (Rajagopal and Trivedi, 1989; 
Katakura et al., 1988).

Manikandan et al. (2019a) evaluated the variation in 
the feeding preference of hadda beetles towards different 
host plants and reported the highest leaf area consumption 
recorded on P.angulata (0.89 cm2) followed by S. nigrum 
(0.44 cm2), D. metal (0.21 cm2), S. trilobatum (0.16 cm2) 
and (0.13 cm2) and S. xanthocarpum (0.07cm2).

The variation in the feeding preference or incidence 
of pests is not only reported between the species but also 
reported within the species of host plants. Germplasm 
or cultivars of several crop species such as groundnut, 
sesame, black gram, tomato, bitter gourd, banana, mango 
etc., showed the difference in pest infestation resulting 

Fig. 1. Hadda beetle, H. vigintioctopunctata 
infestation on D. metal

Fig. 3.  Hadda beetle, H. vigintioctopunctata 
infestation on S. nigrum

Fig. 2.  Hadda beetle, H. vigintioctopunctata 
infestation on S. trilobatum

Fig. 4.  Hadda beetle, H. vigintioctopunctata 
infestation on P. angulata

Fig. 1. Feeding preference of H. vigintioctopunctata to 

different Solanaceous hosts
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from biophysical, biochemical factors of the germplasms 
or cultivars (Saravanaraman et al., 2019; Manikandan 
et al., 2019b, Arunbabu et al., 2020; Manikandan and 
Selvanarayanan, 2020; Manikandan et al., 2020a; 
Manikandan et al., 2020b; Manikandan et al., 2022c). 

3.3. Oviposition preference of H. vigintiopunctataon 

solanaceous weed hosts 

Data on the number of eggs numbers laid at 10 days 
after release (DAR) data showed that the maximum 
number of eggs recorded on P.angulata (97.67) followed 
by D. metal (77.33), S. nigrum (65.33) and S. trilobatum 
(57.67). Conversely, in the no choice test resulted in 
the number of eggs laid varied among the host, with 
the highest count on P. angulata (57.67) followed by 
D. metal (40.33), S. nigrum (29.67) and S. trilobatum 
(20.33) (Figure-2).The 昀椀nding of Nagia et al,(1992) 
supports the result that a maximum number of hadda 
beetle eggs laid on Physalisminima Linn. Manikandan et 

al. (2019a) evaluated the oviposition preference of hadda 
beetles towards solanaceous weed hosts and reported 

Fig. 2. Oviposition preference of H. vigintioctopunctata 

to different Solanaceous hosts

the maximum number of eggs counted on P.angulata  
followed by D. metal, S. nigrum, S. trilobatum and S. 

xanthocarpumsimilar trends observed by Isaianbu 
and Manikandan (2020) under semi-昀椀eld or net cage 
condition. 

3.4. Effect of solanaceous host plants on the 

development of H. vigintiopunctata

The effect of solanaceous host plants on the biology 
of the developmental stage was observed and the results 
showed that the shortest incubation period observed on 
P.angulata which was statistically signi昀椀cant compared 
to other hosts such as D. metal, S. nigrum and S. 

trilobatum.

The shortest 昀椀rst instar duration observed in the larvae 
fed onP.angulata (2.15 days) which was on par with S. 

nigrum (2.40days) followed by S. trilobatum (2.80days) 
and D. metal (3.20days). The shortest and longest second 
in star observation on the host plants viz., P. angulata 
and D. metal. There is no signi昀椀cant difference in the 
in昀氀uence of host plants on the third instar duration 
whereasthe fourth instar duration fed on P. angulata and 
S. nigrum was non-signi昀椀cant and the longest duration 
recorded on D. metal (4.80 days). The total larval period 
was shortest (12.55 days) in P.angulata followed by S. 

nigrum (13.30 days), S. trilobatum (14.30 days) and D. 

metal (15.75 days).

There was no signi昀椀cant difference observed during 
the prep-pupal period among the insects fed on different 
solanaceous hosts. The pupal period was shortest onP.

angulata (3.35 days) which was statistically on par with 
S. nigrum (3.45 days) and the longest pupal period was 
observed on the insects fed on D. metal (4.20 days). 

Table 2. Effect of solanaceous weed hosts on development stages of H. vigintioctopunctata.

Host plant

Incubation 

period (days)

Larval period (days) Total larval 

period (days)

Pre-pupal 

period (days)

Pupal period 

(days)

Total duration 

(days)First in star Second in star Third in star Fourth in star

Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE

S.nigrum
4.65

(2.38) b
0.023

2.40

(1.84) a
0.035

3.10

(2.02) ab
0.016

3.70

(2.16)
0.041

4.10

(2.25) a
0.032

13.30

(3.78) b
0.042

2.15

(1.77)
0.031

3.45

(2.11) a
0.031

18.90

(4.46) b
0.045

P.angulata
4.20

(2.28) a
0.030

2.15

(1.77) a
0.022

2.90

(1.97) a
0.026

3.65

(2.15)
0.026

3.85

(2.20) a
0.019

12.55

(3.68) a
0.021

1.90

(1.70)
0.022

3.35

(2.08) a
0.026

17.80

(4.33) a
0.026

S.trilobatum
4.75

(2.40) b
0.021

2.80

(1.95) b
0.031

3.30

(2.07) b
0.025

3.80

(2.19)
0.022

4.40

(2.32) b
0.024

14.30

(3.91) c
0.025

2.15

(1.77)
0.022

3.85

(2.20) b
0.019

20.30

(4.61) c
0.027

D.metal
4.85

(2.42) b
0.017

3.20

(2.05) c
0.022

3.65

(2.15) c
0.030

4.10

(2.25)
0.027

4.80

(2.41) c
0.020

15.75

(4.09) d
0.030

2.25

(1.79)
0.038

4.20

(2.28) c
0.026

22.20

(4.81) d
0.037

SE(d) 0.03 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.05

C.D. 0.07 0.08 0.07 N/A 0.07 0.09 N/A 0.07 0.10

Each value is the mean of three replications @ twenty insects per replication Values in the parentheses are square root 
transformed Value with different alphabets differs signi昀椀cantly
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The signi昀椀cant in昀氀uence of host plants on the hadda 
beetles' developmental stages was observed during the 
experiments. The total duration of developmental stages 
was shortest in the insects fed on P.angulata (17.80 days) 
followed by S. nigrum (18.90 days), S. trilobatum (20.30 
days) and the longest duration observed on D. metal 
(22.20 days).

In over all observation ofthe larval period on the 
different hosts, results were supported by Saravanan 
and Vipin (2017) who also reported the in昀氀uence of 
host plants on larval development. They evaluated the 
different solanaceous host plants on the developmental 
stages of hadda beetles and their results agreed with our 
昀椀ndings, showing that the hadda beetles fed with D. 

metal resulted in the longest larval stages, pupal duration 
and total development period. The results strongly 
indicated the shortest developmental stages of hadda 
beetles onP. angulata, Similarly,Sivasankari et al. (2021) 
also reported the shortest developmental stages of hadda 
beetles fed on P. minima.

3.5. Effect of solanaceous host plants on oviposition, 

fecundity and longevity of the H. vigintiopunctata

The effect of solanaceous host plants on the 
oviposition, fecundity and longevity of the H.   

Vigintiopunctata was recorded and the results revealed 
that host plants had a signi昀椀cant in昀氀uence on the test 
insect. The shortest pre-oviposition observed in the 
hadda beetles fed on P.angulata (8.35 days) followed by 
S. nigrum (9.20 days), S. trilobatum (11.45days) and D. 

metal (12.95days). 

The shortest oviposition period observed on the hadda 
beetles fed on host plants viz., D. metal (17.60 days) 
followed by S. trilobatum (23.10 days), S. nigrum (36.90 
days) and P. angulata (39.40 days). A similar trend was 
observed on post-oviposition periods of hadda beetles fed 
on the solanaceous hosts.The maximum number of eggs 
laid by hadda beetles fed on P.angulata(480.75/female) 
followed by S. nigrum (435.8/female), S. trilobatum 

(224.3/female) and D. metal (120.75/female).

In昀氀uence of solanaceous hosts observed on the 
longevity of female and male beetles, the maximum 
female longevity oberved on P. angulata (54.35 days) 
followed by S. nigrum (52.30 days), D. metal (37.20 
days) and S. trilobatum (36.20 days). Similarly, the 
longevity male was maximum on P. angulata (56.55 
days) followed by S. nigrum (53.60 days), S. trilobatum 
(40.40 days) and D. metal (35.25 days). The 昀椀ndings 
of Saravanan and Vipin (2017) supported the results 
by reporting the shortest oviposition period and post-
oviposition period, less fecundity and minimum 
longevity observed on hadda beetles fed on D. metal.The 
results strongly expressed the shortest developmental 
stages of P. angulata, similarly, Sivasankari et al. (2021) 
also reported the shortest developmental stages of hadda 
beetles fed on P. minima.

The alternate host plants of crop pests may indirectly 
affect crop cultivation by acting as reservoirs for pests, 
thereby protecting them from unfavorable environments. 
On the other hand, they may serve as pest refugia, 
which are susceptible to insecticides but also support 
bene昀椀cial insects such as natural enemies of crop pests 

Table 3. Effect of solanaceous weeds hosts on oviposition, fecundity and longevity of adults of H. vigintioctopunctata

Host plant Pre-oviposition 

period (Days)

Oviposition 

period (Days)

Post-oviposition 

period(Days)

Fecundity 

(Number of 

eggs/ Female)

Longevity (days)

Female Male

Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE

S.nigrum
9.20

(3.19)b 0.014
36.9

(6.15) c 0.041
7.55

(2.92) c 0.026
435.8

(20.89) c 0.15
52.3

(7.30) b 0.023
53.6

(7.39) c 0.027

P.angulata
8.35

(3.06)a 0.021
39.4

(6.35) d 0.035
8.75

(3.12) d 0.020
480.75

(21.92) d 0.26
54.35

(7.44) c 0.029
56.55

(7.58) d 0.042

S. trilobatum
11.45

(3.53) c 0.021
23.1

(4.90) b 0.061
5.85

(2.61) b 0.035
224.3

(15.00) b 0.20
36.2

(6.10) a 0.029
40.4

(6.43) b 0.067

D. metal
12.95

(3.73) d 0.018
17.6

(4.30) a 0.079
4.75

(2.40) a 0.021
120.75

(11.00) a 0.19
37.2

(6.18) a 0.037
35.25

(6.02) a 0.042

SE(d) 0.03 0.08 0.04 0.26 0.04 0.07

C.D. 0.05 0.16 0.07 0.52 0.08 0.13

Each value is the mean of three replications @ twenty insects per replication Values in the parentheses are square root 
transformed Value with different alphabets differs signi昀椀cantly
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and pollinators by providing nectar and pollen (Selvam 
et al., 2019; Ayyamperumal et al., 2020; Manikandan et 

al., 2023). The preference and survival potential of crop 
pests on alternate host plants may vary from species 
to species of both the pest and the host plants. Based 
on the nature of the relationship between the pest and 
alternate host, farmers can decide whether to remove the 
alternate host or allow it near the 昀椀eld. Some alternate 
hosts may have negligible support for pests, while others 
may be more attractive economically than the crop itself. 
Therefore, they can be used as attractant plants in pest 
management programs.
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ABSTRACT: Behavioural studies of mango leaf webber, Orthaga exvinacea were carried out both in the laboratory 
and 昀椀eld conditions, majorly focusing on neaonate larva, mating, oviposition and intra speci昀椀c competition. The feeding 
behaviour of O. exvinacea was found to be gregarious i.e., a group of larvae coalesce together and scrape the chlorophyll 
content of young leaves. However, the later instars start feeding voraciously by making webs joining the adjacent 
leaves along with the shoots. The female moths laid eggs individually or in groups (8-14 eggs/cluster) on the lower 
surface of leaves near the midrib, while eggs were occasionally laid on the upper surface of the leaves during the early 
hours of photophase. Under 昀椀eld conditions, a series of observations revealed that the eggs were commonly laid in 
well-established older webs. During scotophase, several behavioural transitions in both male and female moths were 
observed while studying the mating behavior under laboratory conditions. Larval migration among the brood members 
of O. exvinacea was also noticed during the study.

Keywords: Orthaga exvinacea, mango, behavioural ecology, mating behavior, photophase, scotophase, brood members

INTRODUCTION

Mango leaf webber, Orthaga exvinacea Hampson 
(Pyralidae: Lepidoptera) is one of the important leaf-
feeding insect pests in mango (Mangifera indica L.) 
responsible for low productivity (Reddy et al., 2013; 
Jayanthi et al., 2020). Though it was considered a minor 
pest earlier, in the recent past it has gained importance 
in all mango-growing locations and it has become a 
major pest in intensively farmed areas on both young 
and old plants a like (Srivastava and Verghese, 1983; 
Srivastava, 1997). O. exvinacea becomes a serious 
pest in extensively cropped areas of Uttar Pradesh, 
Uttaranchal, and Andhra Pradesh (Singh et al., 2006). 
O. exvinacea is responsible to cause ~35 percent yield 
loss under favourable environmental conditions (Tandon 
and Srivastava, 1982). The infestation of leaf webber 
begins in June and lasts until December. The caterpillars 
start webbing the leaves and feed on the entire leaf, 
leaving the midribs and veins. The heavily infested trees 
have a burnt appearance from distance, and signi昀椀cant 
levels of leaf webber infestation results in partial to 
complete failure of 昀氀ower emergence (Verghese, 1998; 
Kavitha et al., 2005). Ninety percent of the defoliated/
skeletonised branches dried and did not fruit in the next 
season due to webber infestation (Singh, 1988). O. 

exvinacea is responsible to cause ~35 percent yield loss 
under favourable environmental conditions (Tandon and 
Srivastava, 1982).

MATERIAL AND METHODS

Maintenance of test insects and host plants

Mango webber, Orthaga exvinacea

 The cultures of target insect pest, O. exvinacea 

were established in the laboratory for continuous supply 
throughout the study period. The webs consisting 
of larvae, O. exvinacea were collected from the 
experimental 昀椀elds of IIHR to establish initial culture. 
For this, mango plants were thoroughly searched for 
any webber infestation and the active webs with live 
larvae were identi昀椀ed. The active webs were carefully 
cut using secateurs and gently placed into a polythene 
cover (40 cm length x 30 cm width) and tied with rubber 
bungs to avoid any escape of larvae.  The polythene 
covers containing webs were brought to the laboratory 
and the webs were transferred to insect cages (54 x 50 
x 45 cm) carefully. These insect cages were placed at 
ambient conditions (27 ± 1oC, 75±2% RH and 14L: 10D) 
and provided with fresh host plant (Mangifera indica L.) 
leaves on a daily basis until pupation. The pupae were 
collected when they formed and sexing was done by 
examining the location of genital slit in relation to anal 
slit (Khosravi and Sendi, 2010) under stereo microscope 
(Leica M205A). After sexing, the male and female pupae 
were placed in separate cages (30 x 30 x 30 cm) until adult 
emergence. The freshly emerged moths were provided 
with sugar /honey solution as food. These virgin insects 
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were used for further studies on mating behaviour. To 
establish mated population, the freshly emerged male 
and female moths were released in to a cage (30 x 30 x 
30 cm) and allowed to mate for 24 h. 

Host plants

The host plants of target insect pest i.e., mango (M. 

indica) were maintained continuously under glass house 
conditions for experimental use. Two to three years old 
mango grafts (cv. Banganpalli) were obtained from the 
Nursery Unit of ICAR-IIHR, Bengaluru and were planted 
in the pots (27 cm height x 30 cm diam.) containing 
red soil and farm yard manure (in 1:1 ratio).  All the 
standard agronomic practices were followed without 
any insecticidal sprays. The 昀椀eld collected larvae, O.  

exvinacea (2-3 larvae/plant) were released on mango 
potted plants to create the webber infestation and these 
infested mango plants were used for all further studies.

Oviposition behaviour

To observe the oviposition behaviour of O. exvinacea, 

individual healthy mango plants were kept in a net cage 
(1 x 1 x 1 m) under glass house conditions at Division 
of Plant Protection, ICAR-IIHR and exposed to gravid 
female moths. A total of 昀椀ve one day old gravid female 
moths (n = 5) from the above established insect culture 
was released in to each net cage. The host plants were 
exposed to gravid female moths continuously for 24h 
and observations were made on egg laying behaviour 
and egg hatching time with the help of magni昀椀ed hand 
lens.

Behaviour of neonate larvae

 The behaviour of neonate larvae was observed in 
the early photophase with the help of magni昀椀ed lens and 
torch light on mango webber infested plants. The neonate 
larvae emerged from the eggs (laid by moths in the above 
experiment) were observed closely on potted mango 
plants under glass house conditions. Observations were 
made on feeding behaviour, time taken for webbing, 
larval migration to form separate webs, behaviour while 
pupation and identi昀椀cation of pupation site.

Mating behaviour

Mating behaviour of O. exvinacea was studied by 
releasing freshly emerged male and female moths in 
to a square glass mating chamber (30 x 30 x 30 x 30 
cm).  The mating chamber containing moths was placed 

in darkness and observations were made with the help 
of torch light covered with red colour cellophane tape 
to avoid any photo disturbance to moths. To understand 
the mating behaviour pattern, the observations were 
recorded during the early scotophase (6.00 PM) to 
early photophase (6.00 AM), when moths were active.  
Observations were recorded for every 10 min interval.  
A total of 30 mating episodes were observed. The 
different behavioural events (resting period (R), swift 
antennal movements (SAM), walking with antennal 
swift movement (WK), 昀氀ight and 昀氀uttering of the wings 
(FL), mate tracking (MT), mate approaching (MA) and 
mating (M) were noticed in both male and female moths.  
All the behavioural observations were compiled across 
the episodes and mating behavioural ethogram was 
developed. Behavioural transitions were also calculated 
and analysed by 昀椀rst order markov model.

Intraspeci昀椀c competition

Intraspeci昀椀c larval competition within the web 
between the brood members of O. exvinacea was 
studied in the experimental orchards of Division of Fruit 
Crops, IIHR, Bengaluru. A total of 25 webs were tagged 
randomly on webber infested mango plants (cv. Arka 
Udaya). Each individual web was thoroughly examined 
initially for the presence of different life stages of O. 

exvinacea namely egg, larval instars and pupa with the 
help of magni昀椀ed hand lens. 

RESULTS AND DISCUSSION

Egg laying behaviour/ Oviposition 

The egg-laying behaviour was studied under 
glasshouse conditions. Freshly emerged male and 
female O. exvinacea moths were collected from the 
above-established culture and allowed for mating in 
insect cages (30×30×30 cm) for 24 hr. Potted healthy 
mango plants were placed in a net cage (1 x 1 x 1 m) 
and post-mating, the female moths (n = 5) were released 
onto the above-potted mango plants to study the gravid 
female moth egg-laying behaviour. The female moths 
of O. exvinacea laid eggs singly as well as in groups 
(8-14 eggs/cluster) on the lower surface of leaves near 
the midrib and occasionally eggs were also laid on the 
upper surface of the leaves during the early hours (4.00 
to 6.00 AM) of photophase. The freshly laid eggs of O. 

exvinacea were oval, 昀氀at, creamish yellow in colour 
when laid singly. However, when laid in groups no proper 
shape was observed. Under 昀椀eld conditions, a series of 
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observations revealed that the eggs were often laid into 
the well-established older webs. The eggs hatched within 
3-4 days of egg laying in the early hours of photophase 
(4.30 to 7.30 AM). 

Rao et al. (2020) reported that the egg-laying and 
egg-hatching time of the mango red banded caterpillar, 
Deonalis sublimbalis Snellen was observed in the early 
hours of photophase in the mango orchard. Similar results 
were found by Kavitha et al. (2005) in O. exvinacea. 
Patel et al. (2007) reported that webber moths of O. 

euadrusalis are preferred to lay eggs on the lower surface 
of the mango leaves singly as well as in clusters near the 
midrib, sometimes the eggs were also laid on the upper 
surface of leaves as well as on tender mango twigs. Beria 
et al. (2008) also reported the same in O. euadrusalis. 

Further, we observed that O. exvinacea moths preferred 
to lay eggs on infested mango plants than on healthy 
plants under 昀椀eld conditions. Under 昀椀eld conditions, a 
series of observations revealed that the moths laid eggs 
in already-established older webs. Wee (2016) observed 
that the diamondback moth, P. xylostella laid a greater 
number of eggs on larvae-infested cabbage plants than 
on intact uninfested cabbage plants. Similar reports were 
made by Ntiri et al. (2018) and Sokame et al. (2019) on 
stem borer, Chilo partellus Swinhoe on maize. Jayanthi 
et al. (2020) reported in detail about the oviposition 
behaviour of O. exvinacea in conspeci昀椀c webs and 
observed the presence of eggs, multiple larval stages, 
and pupae that differ by many days within the same web 
that indicated the sequential oviposition behaviour of 
multiple gravid moths rather than oviposition by a single 
moth. Thus, during oviposition, O. exvinacea moths 
laid eggs near or in conspeci昀椀c webs, demonstrating 
their social facilitation habit, indicating the existence of 
conspeci昀椀cs can be an essential habitat selection cue for 
O. exvinacea.

Behaviour of neonate larvae

Under glasshouse conditions, detailed observations 
were made on the neonate larval behaviour on potted 
mango plants.  The newly hatched larvae passed through 
seven instars by moulting six times. The neonates were 
often found to form a group on the under surface of the 
mango plant leaves and slowly initiated the scrapping 
of chlorophyll content. Larval feeding behaviour varied 
among the different larval instars; the larvae were found 
to be gregarious in the early instars as a group of larvae 
coalesced together and started scraping the chlorophyll 
content of the leaves and leaf webbing was found to be 

absent during this period.  However, the middle and late 
larval instars (from third to 昀椀fth instars) initiated the leaf 
webbing and fed on the leaves along the edges leaving 
only the midrib and veins. During the sixth instar, 
larval feeding was found to be reduced comparatively 
and complete feeding cessation was noticed during the 
seventh instar and the grown-up larvae entered into the 
prepupal stage. The prepupa stayed concealed in old 
larval galleries which are made from frass and dried 
pellets of excreta and started spinning the cocoon with 
the help of silken threads secreted by their silk glands 
along with dried pellets of excreta and later moulted 
to form a strong pupal case. The site of pupation was 
observed in the web itself in both the glass-house as well 
as 昀椀eld conditions.

The time taken for the complete construction of the 
web ranged from 20-25 days almost coinciding with 
昀椀rst-generation phenological stages from egg hatching 
to pupal formation. The mid-instar caterpillars (III to IV 
instars) were actively involved in making the web as they 
started secreting the silken threads in higher amounts as 
compared to early instar larvae (I and II instars). During 
the developmental period of larva, migration was also 
observed in the early photophase (5.00-7.30 am) as few 
larvae were moved to nearby leaves (especially II and 
III instars) and started feeding voraciously to form new 
web. The same behaviour was observed under the 昀椀eld 
conditions. 

Butani (1979) reported that O. exvinacea caterpillars 
scrape the leaf surface in the early stages and 
subsequently web the tender shoots and leaves, with 
multiple caterpillars being found in a single web. Kannan 
and Rao (2006) observed that O. exvinacea caterpillars 
loosely web numerous shoot leaves together and feed 
by defoliating from within. Haseeb et al. (2000) also 
reported that the larvae of O. euadrusalis start scraping 
the leaves after hatching and forming webs by feeding 
voraciously in later stages. Patel et al. (2007) reported 
that caterpillars scrape the leaf surface for chlorophyll 
initially and web the leaves by feeding on edges to the 
midrib, leaving a network of veins behind. The site 
of pupation was observed in the web itself in both the 
glasshouse and also in the 昀椀eld conditions. Mallikarjuna 
(2019) reported similar results as they studied the 
detailed biology of O. exvinacea in both laboratory and 
昀椀eld conditions. Similar behaviour was reported by many 
researchers (Sajitha and Gokuldas, 2015; Gundappa et 

al., 2016; Kasar et al., 2017; Kerketta et al., 2021). 
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Mating behavioural pro昀椀les

During the scotophase period, the moths were found 
to be very active and exhibited a series of behavioural 
events compared to photophase. The detailed mating 
behaviour inventory revealed major behaviours viz., 
resting period (R), swift antennal movements(SAM), 
walking with antennal swift movement (WK), 昀氀ight 
and 昀氀uttering of the wings (FL), mate tracking (MT), 
mate approaching (MA) and mating (M) in both male 
and female moths. Among the series of events, most of 
the time both sexes exhibited swift antennal movement 
(SAM) (326.33±26.28 min) followed by a resting period 
(300.67±22.68 min) and mating (68.67±7.45 min). 
Further, both sexes walked along together showing 
SAM (53.34±8.90min) and resorted to 昀氀ight mode with 
often 昀氀uttering of the wings and SAM (38.67±9.18min). 
Both sexes approached each other (12.00±1.80 min) 
and tracked each other (8.67±2.35). However, the peak 
time of resting was recorded during the period from 6.00 
PM to 8.30 PM and 4.30 AM to 6.00 AM. Both sexes 
walked with SAM majorly between 9.30 PM to 10.30 
PM and 2.00 AM to 2.30 AM. Intermittent 昀氀ight and 
wing 昀氀uttering with SAM were often noticed between 
11.00 PM to 12.30 PM. Both male and female moths 
tracked each other during the late scotophase i.e., from 
1.00 AM to 2.00 AM and approached each other between 
2.00 AM to 3.00 AM. The mating period was observed 
between 3.00 AM to 4.30 AM (Fig.1). Interestingly, 
throughout the scotophase (8.00 PM to 5.00 AM) moths 

continuously exhibited swift antennal movements which 
were totally absent during the photophase. Further, a 
compilation of transition behavioural frequencies (Table 
1a) and transition behavioural rates (Table 1b) (as per 
Markov 昀椀rst order) revealed that more behavioural 
transitions were noticed between the resting period 
and SAM in both sexes (αR,SAM= 0.57; αSAM,R= 
0.48). Similar transitions were also observed among 
the behaviours namely mate approaching and SAM in 
both the sexes (αMA,SAM= 0.31; αSAM,MA= 0.12), 
followed by SAM (in both sexes) to walking with SAM 
(in both sexes, αSAM, WK= 0.13; αWK,SAM= 0.37), 
followed by mate tracking and SAM (αMT,SAM= 0.08; 
αSAM,MT= 0.06), 昀氀ight and wing 昀氀uttering and SAM 
(in both sexes, αFL,SAM= 0.45; αSAM,FL=0.10).

Further, moths often walked followed by and resting 
period (in both sexes, αWK,R= 0.28; αR,WK=0.24). 
Moreover, transitions were also observed between the 
昀氀ight and 昀氀uttering of the wings and resting period 
(αFL,R= 0.32; αR,FL = 0.18), mate approaching and 
walking with antennal swift movement (αMA,WK= 
0.00; αWK,MA =0.05), walking with antennal swift 
movement followed by 昀氀ight and 昀氀uttering of the wings 
(αWK,FL= 0.13; αFL,WK = 0.15), mate approaching 
and mate tracking (αMA,MT= 0.00; αMT,MA = 0.50), 
mate tracking and 昀氀ight and 昀氀uttering of the wings 
(αMT,FL= 0.00; αFL,MT= 0.07). 

Fig.1. Behavioural dynamics of the adult mango leaf webber, O. exvinacea moths during scotophase

(R = Resting, SAM = Swift antennal movement, WK = Walking with antennal swift movement, FL = Flight and 昀氀uttering of 
the wings, MT = Mate tracking, MA = Mate approaching and M = Mating).
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However zero transition was also found between 
resting period and mate approaching (αR,MA,= 0.00; 
αMA,R= 0.00), mating approach and 昀氀ight and 昀氀uttering 
of the wings (αMA,FL= 0.00;αFL,MA= 0.00), mating 
and walking with antennal swift movement (αM,WK= 
0.00; αWK,M= 0.00), mating and 昀氀ight and 昀氀uttering of 
the wings (αM,FL= 0.00; αFL,M= 0.00) and mating and 
mate tracking (αM,MT= 0.00; αMT,M= 0.00) (Fig. 2).

Similarly, the calculated behavioural transition rates 
(%) also revealed that the major behaviour transitions 
were MA to M (68.57%) followed by M to R (58.82%), 
R to SAM (57.33%), MT to MA (50.00%), SAM to R 
(48.48%), FL to SAM (45.00%), M to SAM (41.18%), 
WK to SAM (36.84%), FL to R (32.50%), MA to SAM 
(31.43%), WK to R (28.95%), R to WK (24.00%), MT 
to WK (22.22%), MT to R (19.45%), R to FL (18.67%) 

Fig.2. Markov state space diagram of the mating behaviour transitions in mango leaf webber, O. exvinacea. 

(R = Resting, SAM = Swift antennal movement, WK = Walking with antennal swift movement, FL = Flight and 昀氀uttering of 
the wings, MT = Mate tracking, MA = Mate approaching and M = Mating).

Table1. Transition matrix of the behaviour of O. exvinacea based on 昀椀rst order markov model

a. Behaviour transition frequencies

R SAM WK FL MT MA M Total

R - 43 18 14 0 0 0 75

SAM 32 - 9 7 4 8 6 66

WK 11 14 - 5 6 2 0 38

FL 13 18 6 - 3 0 0 40

MT 7 3 8 0 - 18 0 36

MA 0 11 0 0 0 - 24 35

M 30 21 0 0 0 0 - 51

Total 93 110 41 26 13 28 30 349
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WK to MT (15.79%), FL to WK (15.00%), SAM to WK 
(13.63%), WK to FL (13.16%), SAM to MA (12.12%), 
SAM to FL (10.60%), SAM to M (9.10%), MT to SAM 
(8.33%),  FL to MT (7.50%), SAM to MT (6.06%) and 
WK to MA (5.26%) (Table 1c).

A similar experiment was carried out by Rao et al. 

(2020) in mango red banded caterpillar, D. sublimbalis 
under laboratory conditions. The results revealed that 

major behavioural transitions were observed between 
6.00 PM to 6.00 AM in D. sublimbalis as swift antennal 
movement (SAM) (493.45±37.32 min) followed by 
resting period (179.5±20.48 min), walking along with 
SAM (77.93±12.17 min), resorted to 昀氀ight with often 
昀氀uttering of the wings and SAM (51.72±10.78 min), 
approaching each other (10.68±3.26 min) and tracked 
each other (5.17±2.30). Kelley (2016) observed the 

b. Behaviour transition rates

c. Per cent of  behaviour transitions

R SAM WK FL MT MA M

R -
α R,SAM

=0.57
α R,WK

=0.24
α R,FL
=0.18

α R,MT
=0.00

α R,MA
=0.00

α R,M
=0.00

SAM
α SAM,R

=0.48 -
α 

SAM,WK
=0.13

α SAM,FL
=0.10

α SAM,MT
=0.06

α SAM,MA
=0.12

α SAM,M
=0.09

WK
α WK,R

=0.28
α WK,SAM

=0.37
-

α WK,FL
=0.13

α WK,MT
=0.15

α WK,MA
=0.05

α WK,M
=0.00

FL
α FL,R
=0.32

α FL,SAM
=0.45

α FL,WK
=0.15

-
α FL,MT

=0.07
α FL,MA

=0.00
α FL,M
=0.00

MT
α MT,R
=0.19

α MT,SAM
=0.08

α MT,WK
=0.22

α MT,FL
=0.00

-
α MT,MA

=0.50
α MT,M

=0.00

MA
α MA,R
=0.00

α MA,SAM 
=0.31

α MA,WK 
=0.00

α MA,FL 
=0.00

α MA,MT 
=0.00

-
α MA,M 

=0.68

M
α M,R 
=0.58

α M,SAM 
=0.41

α M,WK 
=0.00

α M,FL 
=0.00

α M,MT
=0.00

α M,MA 
=0.00

R SAM WK FL MT MA M Total

R - 57.33 24.00 18.67 0.00 0.00 0.00 100.00

SAM 48.48 - 13.63 10.60 6.06 12.12 9.10 100.00

WK 28.95 36.84 - 13.16 15.79 5.26 0.00 100.00

FL 32.50 45.00 15.00 - 7.50 0 0 100.00

MT 19.45 8.33 22.22 0 - 50.00 0 100.00

MA 0 31.43 0 0 0 - 68.57 100.00

M 58.82 41.18 0 0 0 0 - 100.00

Total 188.2 220.11 74.85 42.43 29.35 67.38 77.67

G. Rajeshwari et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 64-71 (2024)



70

mating behaviour of odd beetle, Thylodrias contractus 
Motschulsky in order to investigate the biosynthesis of 
sex pheromones. Agee and Webb (1969) recorded the 
mating behaviour of bollworm, Helicoverpa zea Boddie 
under laboratory conditions. Haynes and Birch, 1984 
reported that the mating behaviour of the artichoke 
plume moth, Platyptilia carduidactyla Riley has shown a 
series of behavioural events such as wing fanning, 昀氀ying, 
昀氀ying upwind, landing, wing 昀氀uttering while walking, 
approaching the female, rapidly 昀氀uttering the wings 
towards the female and making a copulatory attempt.  

Intraspeci昀椀c competition 

In the present study, larval competition and migration 
in O. exvinacea were investigated under 昀椀eld conditions. 
A total of 25 webs were selected randomly in the mango 
orchard to observe larval competition and migration in 
O. exvinacea.  During the observations each web was 
observed slowly without disturbing much with the 
help of a magni昀椀ed hand lens. Interestingly, we found 
different instars (昀椀rst to seventh instar) in a single web. A 
series of different behavioural dynamics were observed 
throughout the observation period. The larvae moved out 
from the web and at the same time, some larvae were 
found entering into the webs from nearby webs. This 
observation clearly indicates that there is competition 
between the larval populations within the web. This 
competition may be due to a shortage of food or space. 
We have also observed the migration behaviour of larvae 
to nearby webs. There is no relevant research available, 
particularly on O. exvinacea, regarding intraspeci昀椀c 
competition among brood members. Rao et al. (2020) 
reported that few larvae go to nearby fruits in the early 
morning hours as part of their migration behaviour 
which is observed in mango red banded caterpillar, D. 

sublimbalis.
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ABSTRACT: The present paper discusses the frugivorous bird and mammalian pest species on cultivated 昀椀g, Ficus 

carica L. in Punjab, India.  This study was conducted for 10 years from 2014 to 2024.  A total of 11 frugivorous pests 
including 9 bird species namely; Indian Grey Hornbill Ocyceros birostris (Scopoli), Asian Koel Eudynamys scolopacea 
(Linnaeus), House Crow Corvus splendens (Vieillot), Jungle Babbler Turdoides striata (Dumont), Red-vented Bulbul 
Pycnonotus cafer (Linnaeus), Common Myna Acridotheres tristis (Linnaeus), Brown-headed Barbet Megalaima 

zeylanica (Gmelin), Coppersmith Barbet Megalaima haemacephalus (Statius Muller), Rose-ringed Parakeet Psittacula 

krameri (Scopoli) falling under 5 orders and 8 families and two mammals (Indian 昀氀ying  fox, Pteropus giganteus  

(Brunnich) and Northern palm squirrel, Funambulus pennantii (Wroughton) were recorded to act as pests of fruits of F. 
carica at the three locations of the Punjab state, India. Passeriformes was found to be the dominating amongst all with 
birds of four families damaging the fruits. Amongst all, Rose-ringed parakeet and Northern palm squirrel were observed 
causing signi昀椀cant damage to the fruits throughout the fruiting season. Rose-ringed parakeet was observed causing 
damage at all the three locations surveyed. All the recorded species are of least concern status as per IUCN. These pests 
caused 18.3-29.4 per cent damage on 昀椀g fruits at different locations in Punjab.

Keywords: Ficus carica L, avian, depredatory, frugivore, pests, punjab

INTRODUCTION

Ficus carica Linnaeus, commonly known as ‘Fig’, 
is one of the earliest cultivated fruit trees in the world. 
It is a deciduous, perennial tree belonging to the family 
Moraceae. The 昀椀g tree is one of the unique Ficus species 
widely spread in the tropical and subtropical countries 
which has edible fruits with high commercial value. 
The 昀椀g is juicy and sweet when ripe, gummy with latex 
before ripening. Because of the high content of bene昀椀cial 
compounds in fresh or dried 昀椀g fruits, their consumption 
should be encouraged as a potential healthy alternative 
for sweets (Robert and Maja, 2016). Fig consists of 
numerous varieties with signi昀椀cant genetic diversity 
and outstanding pharmacological activities that are of 
remarkable commercial importance. Black Fig 1 and 
Brown Turkey are the important varieties being grown in 
Indian Punjab (Anonymous, 2024). 

Like other fruit crops, 昀椀gs are also attacked by many 
pests. Worldwide, 100 species of insects and other 
arthropods have been reported to attack 昀椀g trees (Singh 
et al., 2022). Atwal and Dhaliwal (2009) reported 50 
insect species feeding on 昀椀g trees in India. Previously, 

Singh and Kaur (2017a) recorded 14 insect and mite 
pests and 1 pollinator from Punjab to be associated with 
昀椀g trees. Recently, Singh et al. (2022) have check listed 
48 species of insect-pests and 4 of mite-pests infesting F. 

carica worldwide. Though, lots of data on invertebrate 
pests of F. carica are available but rarely any information 
are available on its vertebrate pests.  

In Africa, Ostrich (Struthio camelus) has been recorded 
eating the introduced Ficus carica (Cramp, 1977). In 
Australia, Rooke (1983) found Silver eye (Zosterops 

lateralis) preferring 昀椀gs as alternatives to grapes. In the 
Canary Islands, Corvus corax regurgitated pellets of up 
to 980 F. carica seeds (Nogales et al., 1999). Tracey et al. 
(2007) also found many species of birds like European 
blackbirds (Turdus merula), mynas (Acridotheres 

tristis), noisy friarbird (Philemon corniculatus), rainbow 
lorikeet (Trichoglossus haematodus), red wattlebird 
(Anthochaera carunculata) and scaly-breasted lorikeet 
(Trichoglossus chlorolepidotus) causing damage to 昀椀gs 
in Australia. Singh et al. (2022) also observed Garden 
Warbler, (Sylvia borin (Boddaert)), ground and tree 
squirrels to be pests of 昀椀g. 
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Ficus is the most important plant genus for tropical 
frugivores (Corner, 1988; Berg, 1989) and is being 
described as 'keystone resources' in tropical forests for 
potentially sustaining frugivores through lean periods of 
low fruit availability (Korine et al., 2000). Shanahan et 

al. (2001) check listed a small number of reptiles and 
昀椀sh, 1274 bird and mammal species in 523 genera and 92 
families known to eat fruits of various Ficus species. In 
terms of the number of species and genera of 昀椀g-eaters 
and the number of 昀椀g species eaten, they identi昀椀ed 
the avian families interacting most with Ficus to be 
Columbidae, Psittacidae, Pycnonotidae, Bucerotidae, 
Sturnidae and Lybiidae. Among mammals, the major 
昀椀g-eating families they check listed were Pteropodidae, 
Cercopithecidae, Sciuridae, Phyllostomidae and 
Cebidae. O'Brien et al. (1998) credited the high calcium 
levels in 昀椀gs as one of the main reasons of its dietary 
consumption by tropical frugivores. 

Birds can incur harm to the yields as well as loss to 
the agronomists in every phase of yields directly from 
planting until harvesting (Dhindsa et al., 1993; Dhindsa 
and Saini, 1994; Manakadan & Pittie, 2001; Malhi, 
2008; Kale et al., 2014; Grimmett et al., 2014; Kler 
and Kumar, 2015a). Globally, avian pests cause severe 
damage to crops in many agricultural systems (Linz et 

al., 2011; 2015). Australia, for example, loses a$290 
million annually to crop damage by 60+ bird species 
(Tracey et al., 2007). The United States experiences 
US$189 million in fruit crop loss (Anderson et al., 2013) 
and US$47 billion in commercial grain crop loss due to 
birds (Pimentel et al., 2005). Severe productivity loss to 
birds also occurs in regions of Asia (Gupta et al., 1998; 
Kale et al., 2014), Europe (Pinowski and Zając, 1990; 
Hake et al., 2010), and Africa (de Mey and Demont 
2013). Birds like Jungle Myna (Acridotheres fuscus 

(Wagler)), House Crow (Corvus splendens Vieillot), 
Common Myna (Acridotheres tristis (Linnaeus)), White 
cheeked Bulbul (Pycnonotus leucogenys (Gray) and 
Brahminy Starling (Sturnia pagodarum (Gmelin)) harm 
the fruit plants particularly of grapes greatly in Himachal 
Pradesh, India (Patyal and Rana, 2006). As a result, many 
crop producers prioritize reducing bird populations in 
their agricultural 昀椀elds to protect the crops (Avery and 
Werner, 2017).

Managing bird damage in crops is generally depends 
on a few cultural (trap cropping, altered sowing time), 
physical (visual scarring and audio devices), chemical 
methods (repellent, pesticides) and botanical repellents 
(Dhindsa and Saini, 1994; Anonymous, 2002). The 
objective of the present study was to determine the 

diversity of frugivorous bird and mammal pests of 
cultivated Fig trees in Punjab.

MATERIALS AND METHODS

Study area

To study the abundance, diversity and the pest 
activities of frugivorous bird and mammal species in 
relation to 昀椀g trees, three districts of the Punjab state, 
namely Ludhiana, Bathinda and SBS Nagar were selected. 
In Ludhiana, the survey area was College Orchard of 
the Punjab Agricultural University (PAU), Ludhiana. 
The University Campus is situated on outskirts of city 
towards the west at latitude of 30˚ 56' N, and longitude 
of 75˚ 52' E and 247 m above sea level on the Ferozepur 
Road. Punjab Agricultural University site comprises of 
agronomic grounds, orchard plantations, of昀椀cial campus 
and housing areas. In Bathinda, the observations were 
taken from trees planted at Krishi Vigyan Kendra and 
Regional Research Station of the University (Latitude 
30o18’ N, Longitude 74o94’E) at Dabwali Road. At 
these stations, Black Fig variety of 昀椀g has been planted. 
In district SBS Nagar, PAU Zonal Research Station for 
Kandi area at Ballowal Saunkhri was selected as study 
area. This station is located in the Shivalik foothills of 
Punjab, (latitude 31o 6’ 5”N and longitude 76o 27’ 26” E) 
at height of 355 m above sea level. At this research Farm, 
trees of Fig (Variety Brown Turkey; Age >15 years) 
which bears medium to large sized fruits, are grown. The 
research work was carried out at Ludhiana from 2014 to 
2024 during May-June while at the other locations; the 
studies were conducted during 2021- 2024.

Identi昀椀cation of the birds and mammals was done 
with the help of key given by Ali (2002) and Grimmett et 

al. (2014). The nomenclature given by Manakadan and 
Pittie (2001) was followed. Point count method by Javed 
and Kaul (2002) was followed. 

The fauna recorded during the surveys were presented 
with their taxonomic position, place of occurrence, 
IUCN status, food and habitat details. The locations were 
visited weekly from 8.00 am to 10.00 am in the morning 
and from 4.00 pm to 6.00 pm in evening during May-
June to observe the fruit damage. For this, the method of 
fruit damage assessment suggested by Patyal and Rana 
(2006) was followed.

Instruments used

Digital Camera (Nikon P 500), Nikon Binocular 
(8X50) for observing birds.

Sandeep Singh et al.
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RESULTS AND DISCUSSION

A total of 11 frugivorous pests including 9 bird 
species and 2 mammals were recorded as pests of fruits of 
cultivated 昀椀g, F. carica at the three locations of the Punjab 
state, India (Table 1). The bird species namely Indian 
Grey Hornbill (Ocyceros birostris (Scopoli)), Asian 
Koel (Eudynamys scolopacea (Linnaeus)), House Crow 
(Corvus splendens Vieillot), Jungle Babbler (Turdoides 

striatus (Dumont)) Red-vented Bulbul (Pycnonotus 
cafer (Linnaeus)), Common Myna (Acridotheres 

tristis (Linnaeus)), Brown-headed Barbet (Megalaima 

zeylanica (Gmelin)), Coppersmith Barbet (Megalaima 

haemacephala (Statius Muller)), Rose-ringed Parakeet 
(Psittacula krameri (Scopoli)) were observed and fall 
under 5 orders and 8 families. Amongst mammalian fauna, 
there was Indian Flying Fox (Pteropus giganteus) and a 

rodent (Northern palm squirrel, Funambulus pennantii) 
recorded to be frugivorous on the 昀椀g trees (Plate 1). 
Amongst all, Rose-ringed parakeet and Northern Palm 
Squirrel were observed causing signi昀椀cant damage to 
the fruits throughout the season. The rest were found to 
damage the fruits occasionally. All the recorded species 
are of least concern as per IUCN (2020). Rose-ringed 
parakeet was observed as a frugivorous species on 
F. carica at all the three locations surveyed (Table 1). 
Jungle Babbler, Brown-headed Barbet and Red-vented 
Bulbul were only found causing damage at Ludhiana. 
Coppersmith Barbet, Northern Palm Squirrel and Indian 
Flying Fox were recorded only from district Bathinda. 
Asian Koel, Common myna and Indian grey hornbill were 
recorded from both Ludhiana and Bathinda locations of 
the survey. House crow as a fruit eating species of 昀椀g 

Plate.1. Frugivorous vertebrates of F. carica, a. Indian Grey Hornbill, b. Common Myna, c. House Crow, d. Jungle 

Babbler, e. Red-vented Bulbul, f. Rose-ringed Parakeet, g. Asian Koel, h. Brown-headed Barbet, i. Coppersmith barbet, 

j. Northern palm squirrel (昀椀ve-striped palm squirrel) and k. Indian 昀氀ying fox

Birds and mammalian pests of cultivated 昀椀g
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was recorded from Ludhiana and SBS Nagar districts. 
Both the sexes of Asian Koel were found feeding on 昀椀g 
fruits. These pests were found causing 18.3-29.4 per cent 
damage on 昀椀g fruits at different locations in Punjab (Fig 
1). Shanahan et al. (2001) also check listed the avian 
families like Psittacidae, Pycnonotidae, Sturnidae and 
Sciuridae causing signi昀椀cant damage to Ficus fruits as 
observed in the present studies. In the Canary Islands, 
Corvus corax was found feeding on F. carica seeds 
(Nogales et al., 1999). Tracey et al. (2007) also found 
mynas (Acridotheres tristis), causing damage to 昀椀gs in 
Australia. Singh et al. (2022) also observed ground and 
tree squirrels to be pests of 昀椀g.

1. Common Myna, Acridotheres tristis (Linnaeus, 

1766) (Sturnidae) It is also known as Lalri/Gutar/

Shark in local language. It is a familiar bird in 
areas adjoining human habitations. Common Myna 
population along with Rock Pigeon has increased in 
urban areas in recent years because of supplemental 
feeding sites (Ali and Ripley 1983; Dhindsa et al., 
1993; Dhindsa and Saini, 1994; Ali, 2002). 

Size: Its body size is 23 cm.

Identifying features: The body is dark brown, with 
lustrous black head; yellow legs, bill and naked patch 
below and behind eye. A large white patch on the wings 
is visible in 昀氀ight and under tail coverts are also white. 
Sexes are alike. Young ones are duller, less dark brown 
than adults, with the ashy brown head rather than black 
(Kler and Kumar, 2015b; Kaur and Kumar, 2018).

Resident status: It is resident and having wide 
distribution.

Habitat: Found almost everywhere except in very dense 
forests. Stays in family parties of 5 or 6 birds except in 
the breeding season joining into 昀氀ocks sometimes of 
many hundred, roosting communally in large trees, reed-
beds and 昀椀elds. Railway stations warehouses and other 
large sheds are preferred roosts in urban areas (Kler and 
Kumar, 2015a; Kaur and Kumar, 2018).

Breeding: The breeding season ranges from April-
August with two-three successive broods being raised. 
Nest is usually a messy collection of twigs, roots, and 
rubbish stuffed in holes in trees, earth banks, walls of 
houses or between the ceiling and roof. Same site often 

Table 1. Depredatory birds and mammalian pests recorded on cultivated 昀椀g, Ficus carica L. in Punjab during 

2014 to 2024

Scienti昀椀c Name Common Name Recorded 

from 

Status Food IUCN 

status

Habitat

Class Aves

   Order Coraciiformes

      Family Bucerotidae

Ocyceros birostris 

(Scopoli, 1786)
Indian Grey Hornbill B, L R F,I LC AB

   Order Cuculiformes

      Family Cuculidae

Eudynamys 

scolopacea 
(Linnaeus, 1758)

Asian Koel B, L R F, I LC AB

   Order Passeriformes

      Family Corvidae

Corvus splendens 

Vieillot,1817
House Crow S, L R O LC AB

      Family Leiothrichidae

Turdoides striatus 

(Dumont, 1823)
Jungle Babbler L R F, I LC AB
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used year after year. Lays 4 to 6 turquoise blue eggs (Ali 
and Ripley, 1983; Dhindsa and Saini, 1994; Grimmett et 

al., 2014).

Feeding habits: It is an omnivorous bird and can feed on 
fruit, grain, insects and everything else that can be eaten 
like kitchen waste, small animals such as baby mice, 
frogs, lizards and crabs, 

and 昀氀ower-nectar. Often seen following grazing cattle or 
the plough for insects and invertebrates.  Also observed 
in large number at waste/garbage disposal sites (Dhindsa 
and Saini, 1994; Manakadan and Pittie, 2001; Malhi, 
2008; Kale et al., 2014).

Damaging status: Causes some damage to orchard fruit 
and cereal crops, but is also bene昀椀cial as a destroyer of 
serious agricultural pests (Kale et al., 2014).

2. House Crow, Corvus splendens Vieillot, 1817 
(Corvidae) House Crow commonly known as Kan 

in vernacular language is an opportunist birds and 
can feed on variety of food available. Because of 
wide-spread distribution, it has been noted causing 
damage on maize and other cereals at sowing stages. 
Large numbers of House crows were observed at 
waste/garbage dumps and at animal 昀氀aying centres 
in villages and small towns (Ali, 2002; Dhindsa and 
Saini, 1994; Kaur and Kumar, 2018a). 

      Family Pycnonotidae

Pycnonotus cafer 

(Linnaeus,1766)
Red-vented Bulbul L R I,P,F LC AB

      Family Sturnidae

Acridotheres tristis 

(Linnaeus,1766)
Common Myna B, L R I,F LC AB

   Order Piciformes

      Family Megalaimidae

Megalaima 

zeylanica (Gmelin, 
1788)

Brown-headed Barbet L R F,P LC AB

Megalaima 

haemacephala 
(Statius Müller, 
1776)

Coppersmith Barbet B R F, I LC AB

   Order Psittaciformes

      Family Psittacidae

Psittacula krameri 

(Scopoli,1769)
Rose-ringed Parakeet B, S, L R F,P,G LC AB

Class Mammalia

    Order Chiroptera

Pteropus giganteus 

(Brünnich, 1782)
Indian 昀氀ying  fox B R F LC A

    Order Rodentia

       Family Sciuridae

Funambulus 

pennantii

Wroughton, 1905

Northern palm squirrel 
or 昀椀ve-striped palm 
squirrel

B R F,G,P LC AB

Birds and mammalian pests of cultivated 昀椀g

Habitat: Type A-Agricultural Habitat; Type B-Residential area; Status: R–Resident; Food Habit: I-Insectivorous; 
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Size: Its body size is approximately 43 cm.  

Identifying features: It has glossy black body with 
greyish nape, neck (all round), upper breast and 
upper back. Bill, legs, forehead, crown and throat are 
contrasting glossy black. Sexes are alike. 

Resident status: It is resident bird, very adaptable and it 
associates with human habitation and cultivation. 

Habitat: Inseparable from human habitations; abundant 
to pest proportions in many urban and metropolitan 
areas. Its habitat has wide range; commonly found in 
rural/urban areas, cultivation and forest edges (Ali and 
Ripley, 1983; Dhindsa et al., 1993; Dhindsa and Saini, 
1994; Kler and Kumar, 2015a).

Breeding: Its breeding season ranges from April-August. 
Nest is usually an untidy platform of sticks and twigs 
intermixed with iron wire, threads, etc. placed in the fork 
of a branch, with a cuplike depression in the centre lined 
with coir, and other 昀椀bers. Lays 4-5, pale blue green 
eggs, speckled and streaked with brown, in one clutch 
(Kler and Kumar, 2015; Kaur and Kumar, 2018).

Feeding habits: It is bold, cunning and omnivorous 
scavenger. Gregarious behaviour noted during feeding 
and roosting times. Commonly seen at rubbish dumps. 
Food includes grain, fruits, 昀氀ower-nectar, eggs and 
young or sickly birds, lizards, small rodents, land crabs, 
kitchen scraps, and garbage (Dhindsa and Saini, 1994; 
Kale et al., 2014; Grimmett et al., 2014; Kler and Kumar, 
2015b).

Damaging status: Crow causes damages to crops by 
pulling out freshly sown seeds of cereals, pulses, oilseeds 
and feeding on matured maize cobs and horticultural 
crops (Dhindsa et al., 1993; Malhi, 2008; Kale et al., 
2014; Kler and Kumar, 2015a). 

3. Indian Grey Hornbill, Ocyceros birostris (Scopoli, 

1786) (Bucerotidae) It is also known as Dhan Chidi 

in vernacular language. It is a common hornbill, 
mostly arboreal and seen in pairs (Ali and Ripley, 
1983).

Size: Its body size is 61 cm.

Identifying features: It is a medium sized clumsy 
brownish grey bird having long tail with white tip and 
dark sub terminal band. Heavy curved bill is dual toned 
- black and yellow, with a peculiar pointed protuberance 
or casque. In females, casque is smaller in size. Juveniles 
are like adult but have no casque (Dhindsa et al., 1993; 
Kler and Kumar, 2015a).

Resident status: It is resident and having wide 
distribution.

Habitat: Largely arboreal, but will occasionally descend 
to the ground. Usually found in open woodlands, 
plantations, gardens, and parks in cities.

Breeding: The breeding season ranges from March-
June. It is a cavity nester and builds nest in a hole of 
tree, wall, ceiling etc. Nest is usually a natural hollow 
in an old tree-trunk, sometimes enlarged to suit. Eggs, 
normally 2 or 3, rarely 4, dull glossless white (Dhindsa 
et al., 1993; Kler and Kumar, 2015a).

Feeding habits: The Indian grey Hornbill largely feed 
on fruits, especially wild 昀椀gs (Ficus spp.), berries and 
昀氀ower petals; also insects and lizards, mice and other 
small animals.

Damaging status: It is both bene昀椀cial as well as harmful 
in nature as it feeds on insects as well as fruit and berries.

4. Red-vented Bulbul, Pycnonotus cafer (Linnaeus, 

1766) (Pycnonotidae) It is also known as Bulbul 

or Guldum locally.  It has been commonly observed 
throughout Punjab. It is included in the list of the 
world's 100 worst invasive alien species as it has 
established in many countries where it has been 
introduced (Dhindsa and Saini, 1994; Ali, 2002; 
Kaur and Kumar, 2018a).

Size: Its body size is approximately 20 cm.

Identifying features: It has earth-brown colour with a 
short crest which gives squarish appearance to the head. 
It has black throat and scale-like markings on back and 
breast. Rump is white and vent is red. Blackish tail has 
white tip, evident in 昀氀ight. Sexes are alike. 

Resident status: It is a resident species.

Habitat: It lives in pairs or in small loose 昀氀ocks 
according to season usually keeping itself to lower or 
middle level of trees and bushes. Dry scrub, open forest, 
cultivated lands, gardens and roadside avenues are the 
preferred sites. 

Breeding: It breeds in the months of February-October. 
Nest is cup shaped generally made of rootlets, placed 
in shrubs, hedges, tree, or sometimes inside buildings. 
It lays 2 - 4 eggs of pinkish white colour with purplish 
brown markings (Dhindsa et al., 1993; Kler and Kumar 
2015a).

Feeding habits: Fruits and berries, 昀氀ower nectar, insects, 
grains and even kitchen waste constitutes its food. It is an 
ef昀椀cient pollinating and seed-disseminating agent. 
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Damaging status: Solitary bird or pair has been noted 
to cause damage to ripening fruits especially in kitchen 
gardens. Damage level may be moderate to high on 
individual or solitary fruit plant (Dhindsa et al., 1993; 
Dhindsa and Saini, 1994; Kale et al., 2014).

5. Rose-ringed Parakeet, Psittacula krameri (Scopoli, 

1769) (Psittaculidae) Rose-ringed Parakeet is also 
commonly known as Tota. It is one of the most 
destructive depredatory bird species in cultivated 
areas of Punjab. There has been observed a shift in 
its preferred trees for nesting from traditional to agro 
forestry trees in recent years. Large 昀氀ocks are often 
observed at grain store facilities. Orchard owners use 
variety of methods, both traditional and mechanical 
like cracker 昀椀re gun/acetylene gas powered guns 
to scare them away from fruiting trees. Netting has 
been found to be the most successful and ef昀椀cient 
method to reduce parakeet damage. The birds 
clamber about among the twigs and gnaw into the 
half-ripe fruits, one after another, wasting far more 
than they actually eat (Ali and Ripley, 1983; Dhindsa 
et al., 1993; Ali, 2002; Kler and Kumar, 2015b; Kaur 
and Kumar, 2018).

Size: Its body size is approximately 42 cm. 

Identifying features: A vibrant bright green parakeet 
with a short, deeply hooked red coloured bill. Males have 
a rose-pink and black collar which is absent in females 
but they have an indistinct emerald-green ring around the 
neck. Juveniles are like female. Male acquires pink-and-
black collar in the third year (Dhindsa et al., 1993; Kler 
and Kumar, 2015a). 

Resident status: It is resident bird, very adaptable and it 
associates with human habitation and cultivation. 

Habitat: Its habitat also included grain storage facilities, 
markets, open forests, gardens and vicinity of habitation.

Breeding: Its breeding season ranges from February-
April. Nest is usually an unlined hollow in a tree-trunk, 
usually some small natural hole cut and enlarged to size. 
It prefers readymade nest-hole of barbet or woodpecker. 
Holes in rock scarps and walls of ruined buildings are 
commonly occupied, many pairs often nesting close to 
each other in a loose colony. Lays 3-5 pure white roundish 
oval eggs (Dhindsa et al., 1993; Kler and Kumar 2015).

Feeding habits: The foraging behaviour of parakeet is 
gregarious in nature. Feeds and roosts in large 昀氀ocks. 
Fruits, cereal, grain, and wild as well as cultivated seeds; 
昀氀ower-petals and nectar form its main diet (Dhindsa et 

al., 1993; Kale et al., 2014; Kler and Kumar 2015a).

Damaging status: It is observed to cause serious 
damages to cereals, pulses, oilseeds, fruits and vegetables 
in standing crops, orchards and gardens (Dhindsa et al., 
1993; Kale et al., 2014; Kler and Kumar 2015).

6. Asian Koel, Eudynamys scolopaceus (Linnaeus, 

1758) (Cuculidae) It is the most well known song 
bird of the region. Usually arboreal and con昀椀ned 
to inner canopy of trees and seldom showing itself 
(Dhindsa and Saini, 1994; Ali, 2002).

Size: Its body size is approximately 43 cm. 

Identifying features: Males are glossy black with 
yellowish green bill and crimson eyes noticed by 
distinctive shrieking calls: Females are dark brown 
above with tailfeathers and wing-quills barred with 
white. Chin, throat and fore neck has white spots, barred 
on rest of underparts. Juveniles more or less like adult, 
sex for sex, but female far darker and more sooty above 
with blackish head, throat and breast; thus closer in the 
character of its plumage, especially upperparts, to male 
rather than to adult female as usually seen in birds. 
This probably serves as survival tactic amidst the black 
nestlings of its normal fosterers, the House and Jungle 
crows. Bill is black and not green as in the adult (Ali, 
2002).

Resident status: It is resident, nomadic and local bird.

Habitat: It inhabits lightly wooded areas like gardens, 
orchards, and groves of trees in and around human 
habitation.

Breeding: Brood-parasitic almost exclusively on House 
and Jungle crows cunningly laying in their nests. Its 
breeding season ranges from March to August. Eggs very 
similar in appearance to crows' but smaller and greenish 
in ground colour, profusely blotched and speckled with 
reddish brown. (Malhi, 2008; Grimmett et al., 2014). In 
the present study, male and female koels were observed 
to sit together on 昀椀g trees while eating the fruits.

Feeding habits:  Largely feeds on fruits, berries, nuts, 
hairy caterpillars, bugs and various insects, terrestrial 
snails, eggs of small birds and 昀氀ower nectar (Malhi, 
2008; Kale et al., 2014; Grimmett et al., 2014).

Damaging status: Adults being largely frugivorous, 
cause some damage to fruits in orchards and gardens 
(Dhindsa et al., 1993; Kale et al., 2014; Grimmett et al., 
2014). 
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7. Brown-headed Barbet, Megalaima zeylanica 

(Gmelin, 1788) (Megalaimidae) In vernacular 
language, it is called Bada Basanta, usually an 
arboreal bird (Ali, 2002).

Size: Its body size is approximately 27 cm. 

Identifying features: it has a chubby, heavy-billed 
grass-green feathers with head, neck, upper back and 
breast brown, having conspicuous orange bare patch 
around eyes, sexes alike (Ali, 2002).

Resident status: It is resident bird.

Habitat: It is commonly found in places where fruiting 
trees are available especially various species of wild 昀椀g, 
whether in gardens, orchards or groves of trees (Malhi, 
2008; Grimmett et al., 2014; Kler and Kumar, 2015a).

Breeding: Breeding season ranges from January to June. 
Eggs are glossless white (Dhindsa and Saini, 1994; Ali, 
2002).

Feeding habits: Feeds on fruits, berries and sometime 
winged termites (Malhi, 2008; Kale et al., 2014).

Damaging status: Being largely frugivorous, cause some 
damage to fruits in orchards and gardens speci昀椀cally wild 
and cultivated species of 昀椀g (Dhindsa and Saini 1994; 
Dhindsa et al., 1993; Malhi, 2008; Kale et al., 2014). 

8. Coppersmith Barbet, Megalaima haemacephala 

(Statius Müller, 1776) (Megalaimidae), known as 
Basanta  in vernacular, it is a commonly heard but 
hard to see, entirely arboreal bird (Dhindsa et al., 
1993; Ali, 2002; Grimmett  et al., 2014; Kler and 
Kumar, 2015b).

Size: Its body size is approximately 17 cm. 

Identifying features: A small green barbet with yellow 
throat, crimson breast and forehead, and green-streaked 
yellowish underparts. Tail is short, truncated and 
distinctly triangular in-昀氀ight silhouette. Sexes are almost 
alike, the female being little duller. Juveniles lack the red 
colour and are duller (Malhi, 2008; Kale et al., 2014; 
Grimmett et al., 2014; Kler and Kumar, 2015a).

Resident status: Resident; common and very widely 
distributed

Habitat: Inhabits lightly wooded countryside, roadside 
avenues and groves of tree near villages and cultivation, 
and in urban gardens and compounds

Breeding: Breeding season ranges from November to 

June. Nest is generally a shaft excavated in a dead or 
decaying softwood branch ending in a slightly widened 
chamber. Lays 2-4 white, longish ovals eggs on bare 
wood at bottom of shaft (Dhindsa et al., 1993; Kler and 
Kumar, 2015a). 

Feeding habits:  Banyan, peepal and other wild 昀椀gs are 
preferred food. Also eats drupes and berries. Occasionally 
eats moths and 昀氀ying termites captured in air.

Damaging status: It has been observed to cause minor 
damages to fruits (Dhindsa et al., 1993; Malhi, 2008; 
Kale et al., 2014).

9. Jungle Babbler, Turdoides striatus (Dumont, 

1823) (Leiothrichidae) commonly called Jungli 

Serhri in vernacular. Very gregarious bird and noisy 
seen all through the year in parties of six to twelve, 
and thus also called 'Seven Sisters' (Ali and Ripley, 
1983; Kaur and Kumar, 2018).

Size: Its body size is approximately 25 cm. 

Identifying features: Earthy brown colour, untidy 
appearance with creamy white eyes, yellowish bill and 
legs. Head and nape are a little greyer. Rump and tail-
coverts buff; tail rufous brown, belly is creamy buff. 
Sexes are alike (Dhindsa and Saini, 1994; Ali 2002).

Resident status: It is resident and fairly common bird.

Habitat: Inhabits open forest, urban gardens and 
cultivated areas around human habitation.

Breeding: Breeds from March to September. Nest are 
generally a loosely put together cup of twigs, roots, 
grass, placed in bushes and trees in gardens, orchards, 
hedges etc. Lays 4-6 eggs deep turquoise blue in colour 
(Ali, 2002; Grimmett et al., 2014). 

Feeding habits: Mainly feeds on insects like 
grasshoppers, ants, beetles, cockroaches, caterpillars, 
etc., and spiders. Also eats grains, seeds, 昀椀gs, Lantana 

and other berries (Ali 2002; Dhindsa et al., 1993; 
Dhindsa and Saini, 1994; Malhi, 2008; Kale et al., 2014; 
Grimmett et al., 2014). 

Damaging status: It is observed to cause minor damage 
to crops.

10. Indian 昀氀ying fox, Pteropus giganteus (Brunnich, 

1782) (Pteropodidea) commonly called Chamgidar 
in vernacular. It is native to Indian sub-continent 
and one of the large bat species (Ramakrishna et al., 
2017).

Sandeep Singh et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 72-84 (2024)



80

Size: Body length 16-22 cm, wingspan ranges from 1.2-
1.5 meter. 

Identifying features: It has lightly streaked black back 
with grey, a pale, yellow-brown mantle, a brown head, 
and dark, brownish underparts. It has large eyes, simple 
ear (Francis and Priscilla, 2008; Ramakrishna et al., 
2017; Prasad, 2020).

Resident status: It is resident bat and widely distributed 
throughout Indian subcontinent.

Habitat: It roosts in large colonies on open tall tree 
branches, especially near human residences, agricultural 
land in urban areas or in abandoned buildings or ruins 
and prefers to be in close proximity to bodies of water 
(Francis and Priscilla, 2008;. Ramakrishna et al., 2017).

Breeding: Breeding season ranges from July to October 
and give birth to 1-2 pups and reproductive maturity 
occurs at 18-24 months.

Feeding habits: It is frugivorous in nature and 
feeds on fruits and berries (Francis and Priscilla, 
2008; Ramakrishna et al., 2017).

Damaging status: It can be a pest as it poaches ripe 
fruits in orchards (Ramakrishna et al., 2017; Prasad, 
2020) and was also observed to be causing damage at 
different locations in Punjab in the present studies.

11. Northern Palm Squirrel, Funambulus pennantii 

Wroughton, 1905 (Sciuridae) Commonly called 
Gilehri or Galad in vernacular, it is the most 
common mammal in urban areas with a shrill, bird 
like call often accompanied by tail jerks and cause 
damage to several fruit and cereal crops (Kenward, 
2008; Chakravarthy, 2012).

Size: Head and body length 13-16 cm, Tail length 14-16 
cm 

Identifying features: It has 昀椀ve pale stripes on its 
greyish brown or olive brown body. The tail does not 
have a mid-ventral line and resembles a grey bottlebrush. 
The top coat color ranges from grayish brown to almost 
black, while the head is usually grayish to reddish brown. 

Resident status: It is resident squirrel and widely 
distributed.

Habitat: A semi-arboreal squirrel found in grasslands, 
scrublands, plantations, urban gardens, rural and forested 
areas. Northern palm squirrels are gregarious and up to 
10 may inhabit a tree.

Breeding: Breeding occurs several times a year, usually 
with different partners each time. Able to reproduce 
throughout most, if not all, of the year. Females have 2 to 
3 litters yearly. Litter sizes range from 1 to 5 (Kenward, 
2008; Chakravarthy, 2012). Commonly nest in the 
branches of trees, holes in the tree trunk or in man-made 
structures such eaves of houses, attic spaces, electricity 
boxes, etc. Squirrel nests are made of grasses, threads, 
wool, cotton, jute 昀椀bers and other 昀椀brous materials

Feeding habits:  Northern palm squirrels are herbivorous 
and omnivorous. They typically feed on a wide variety 
of foods including seeds, nuts, buds, young bark, leaves, 
insects, 昀氀owers, and grubs. They have also been known 
to eat baby birds. They feed both in trees and on the 
ground and store food for later use (Kenward, 2008; 
Chakravarthy, 2012).

Damaging status: It can be a pest commonly eating 
buds and seeds of food producing plants

Habitat: Type A-Agricultural Habitat; Type 
B-Residential area; Status: R–Resident; Food Habit: 
I-Insectivorous; G-Granivorous; F-Fruits/berries; 
P-Plants/aquatic vegetation/nectar; O-Omnivorous; 
IUCN Status: LC-Least Concern; Recorded from: 
B-Bathinda, S- SBS Nagar and L-Ludhiana. 

FRUIT DAMAGE

Data on fruit damage by various depredatory and 
mammalian pests of F. carica at different locations in the 
present study during 2021-2024 are presented in Figure 
1. During 2021, 20.0 to 28.3% damage in F. carica 
fruits was observed across the locations studied, being 
maximum and minimum at Ludhiana and Bathinda, 
respectively. The fruit damage varied from 18.3 to 
26.5% during 2022. It remained maximum at Ludhiana 
and minimum at Bathinda locations. During 2023, fruit 
damage observed between 19 to 27.9 % which increased 
up to 29.4 % during 2024 at Ludhiana (Fig 1).       

The extent of the damage caused to different crops 
varied between study plots and also within plants and 
trees. Slack and Reilly (1994) reported that the damage 
to the citrus trees was greatest in the top canopy, almost 
four times greater than damage to the middle and lower 
branches of the” trees. Similar pattern of damage was 
recorded in peach and almonds (Dhindsa and Saini 1994). 
Prasad and Verghese (1985) recorded a similar pattern of 
damage in guava, with most of the damage occurring in 
the upper central core of the tree. Subramanya (1994) 
stated that the parakeet damage was positively correlated 
with the height of the plant, and was greater on varieties 
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with the erect heads. This was thought to be due to the 
better visibility, and hence the predators can be avoided. 
The edges of the 昀椀elds have more damage (Kler 2015), 
especially where the perching and refuging sites are 
available near to the crops, and away from the human 
disturbances (Saini et al., 1992). Damage to oilseed crops 
viz. brassica, sun昀氀ower, and canola, were also reported 
apart from a variety of orchards trees (Khan and Aziz 
1993; Ali and Ripley 1983; Dhindsa and Saini 1994; Kler 
and Kumar 2015). A loss of 25-100% to mangoes, guava, 
brassica, and sun昀氀ower by parakeet was reported by 
Prasad and Verghese (1985) in India. Saini et al. (1992) 
analyzed the gut contents of the Rose-ringed parakeets 
for one year which was consisted of cereals (45%), tree 
orchards (38%) and oilseeds (16%).

Depletion of indigenous tree cover and invasion of 
exotic tree species directly affects the distribution of 
avian and mammalian fauna. Old and indigenous trees 
account to be an important substrate for nesting in the 
form of dense canopies and cavities. Indigenous trees 
must be promoted over exotic ones because the services 
provided by them are already part of local ecology. 

Among feeding habits, omnivorous species were in 
higher proportion as compared to other diets. Invasion 
of few migratory birds and mammals was also observed 

in indigenous trees during the fruiting periods. The 
study suggests that different communities make use of 
indigenous trees in different ways. So, plantation of these 
trees must be popularized over exotic trees.

Out of the eleven recorded species, Rose-ringed 
parakeet and northern palm squirrel were found to 
cause signi昀椀cant damage to the fruits of F. carica 

(Plate 2). The rest of the species were found to cause 
the damage occasionally. Though, the recorded species 
are protected under The Indian Wild Life (Protection) 
Act, 1972 suitable eco-friendly methods are needed to 
be worked out for their management. Using effective 
integrated pest management approaches, there may 
be opportunities to simultaneously reduce disservices, 
enhance services and conserve biodiversity. We can 
achieve the objective of sustaining current and future 
human well-being within ecological limits. Hence, 
there is a need for interdisciplinary research in the 
development of eco-friendly depredatory bird and animal 
management techniques as well as enhancing bene昀椀cial 
avian population in the agro-ecosystem. The positive 
relationships between people, birds, and sustainable 
agriculture may be a key starting point to develop a 
shared conservation vision for the future.

ruit damage by various depredatory and mammalian pests of F. carica at dFig.1. Fruit damage by various depredatory and mammalian pests of F. carica at different locations during 2021-2024
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Plate.2. Fruits of F. carica damaged by bird and mammal pests
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Biology and morphometrics of Thrips parvispinus (Karny) (Thysanoptera: Thripidae) 

on chilli, Capsicum annuum L.
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ABSTRACT: The Southeast Asian thrips, Thrips parvispinus (Thysanoptera: Thripidae), has recently invaded India, 
posing a signi昀椀cant threat to the country's chilli industry. Laboratory studies were conducted at the Department of 
Agricultural Entomology, College of Agriculture, Raichur, to understand the growth and development of this invasive 
pest on chilli. The study was conducted at controlled conditions of 25 ± 1 °C and a relative humidity of 65 ± 5%. The 
results revealed that the mean egg incubation period was 5.74 ± 0.34 days, with egg dimensions measuring 0.23 ± 0.01 
mm in length and 0.13 ± 0.01 mm in breadth. The 昀椀rst and second larval instars lasted 2.16 ± 0.24 days and 3.76 ± 0.42 
days, respectively, with a total larval duration of 5.92 ± 0.66 days. The pre-pupal stage lasted 1.83 ± 0.23 days, while 
the pupal stage lasted 4.17 ± 0.50 days. Adult males had an average lifespan of 5.55 ± 0.46 days, whereas adult females 
lived for 10.18 ± 0.47  days. The pre-oviposition, oviposition, and post-oviposition periods were 2.51 ± 0.24 days, 3.58 ± 
0.25 days, and 4.09 ± 0.37 days, respectively. The mean fecundity was 15.53 ± 3.46 eggs per female. This study provides 
the 昀椀rst documented report on the biological parameters of T. parvispinus in the invaded regions.

Keywords: Biology, Capsicum annuum, Chilli thrips, Invasive pest, Fecundity, Morphometrics.

INTRODUCTION

Thrips (Thysanoptera: Thripidae) are among the 
most signi昀椀cant pests affecting a wide variety of crops. 
Within the insect order Thysanoptera, Thrips is one 
of the largest genera, containing several agricultural 
important species. In India alone, 44 species have been 
documented with a new geographical distribution records 
(Rachana and Varatharajan, 2017). Among the members 
of Thripidae, the Thrips parvispinus also known as 
South East Asian thrips, tobacco thrips, western thrips, 
and Taiwanese thrips was recently reported from India, 
where it devastated over 0.4 million hectares of chilli 
crop (Timmanna et al. 2022). This species is predicted 
to continue spreading and establishing itself in India, 
due to the large-scale cultivation of its major hosts, 
viz., papaya and chilli, coupled with the  favourable 
meteorological conditions. These factors contribute to 
signi昀椀cant population increases and yield losses of 10 
to 30 percent compared to other countries. The districts 
of Warangal, Khammam, and Guntur in Andhra Pradesh 
have experienced the highest levels of infestation, with 
thrips numbers ranging from 10 to 20 per 昀氀ower (Janyala, 
2021; Directorate of Plant Protection Quarantine and 
Storage of India, 2021).

In India, the 昀椀rst recorded occurrence of T. 

parvispinus on papaya (Carica papaya) was documented 

in Karnataka in 2015 (Tyagi et al., 2015). Originally 
native to Southeast Asian countries, T. parvispinus has 
been reported in Australia, Thailand, North America, 
Europe, Malaysia, and Africa, establishing itself as a 
global and polyphagous pest (Waterhouse, 1993; Zhang 
et al., 2011; Lim, 1989). Following its invasion, T. 

parvispinus has been found on a variety of host plants, 
including paprika, watermelon, mums, dahlia, cotton, 
mango, bitter gourd, marigold, and tamarind (Nagaraju 
et al., 2021; Rachana et al., 2022; Roselin et al., 2021). 
Reports of severe infestations on chilli plants (Capsicum 

annuum) have emerged from Gujarat (Lodaya et al., 
2022), Telangana, Andhra Pradesh (Timmanna et al., 
2022; Veeranna et al., 2022), and Karnataka (Basavaraj 
et al., 2022). Despite its widespread documentation, a 
detailed understanding of the biology of T. parvispinus 
in the newly invaded regions remains lacking. Therefore, 
it is hypothesized that studying the biological parameters 
of T. parvispinus will provide essential information for 
effective management.

MATERIALS AND METHODS

The biology of T. parvispinus was studied in the 
insectary of the Department of Agricultural Entomology, 
College of Agriculture, Raichur, University of 
Agricultural Sciences, Raichur (16°15' N latitude and 
77°20 E' longitudes at 398.37 m above mean sea level) 
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during 2022-23. The controlled room temperature of 
25±1 °C and relative humidity (65±5 %) were maintained 
during the study period.

Maintenance of pure culture of thrips 

The cultivation of chilli plants involved the use of 
earthen pots, which were protected from pests by being 
covered with nylon net cages (0.15 × 0.15 mm) (Fig 
1). A single pair of male and female adults of Thrips 

parvispinus were obtained from the thrips infected chilli 
昀椀eld and introduced to these enclosed plants (Fig 1). The 
adults for biological studies were collected from stock 
culture and reared in a cylindrical tubes made out of 
overhead projector (OHP) sheets. The cylindrical OHP 
sheets of 21 cm length and 6 cm diameter were open 
at both ends; one end was pressed gently into the soil, 
and the other end was covered with a plastic plate with 
mesh top (Fig 2). Fresh chilli seedling was put inside the 
cylindrical tube. A pair of adult thrips were released for 
oviposition in such OHP cylindrical tubes.

Fig.1. Maintenance of T. parvispinus pure culture 

for biology study

Pre-ovipositional, ovipositional and post ovipositional 

period

�e cylindrical OHP sheet tubes were opened daily 

and the leaves were taken a�er following the procedure of 

chlorophyll bleaching and staining method and observed 

for oviposition under stereo zoom binocular microscope 

(Nikon SMZ745) and continued till the �rst egg laid and 

duration was recorded as pre-oviposition period. �e 

procedure, which was adopted for the pre-ovipositional 

period, was continued further, provided with fresh 

seedlings, and observed the oviposition until the last egg 

deposition (Fig 2). �e duration between the �rst and the 

last egg laid was recorded as an ovipositional period. 

Fig. 2. Experimental set up for study of 

preoviposition, oviposition, post oviposition and 

fecundity studies of T. parvispinus

Fecundity count using chlorophyll bleaching and 

staining method 

The mated females (n= 15) were collected from 
pure culture and allowed to lay eggs on chilli leaf. The 
oviposited leaves were collected daily, and each female 
was given fresh leaves until they died. The leaves were 
immersed into a beaker containing 100 ml of Dimethyl 
sulfoxide (DMSO). This beaker with lea昀氀ets and DMSO 
were kept in the water bath at 60- 70‐C for 30 minutes. 
After removing chlorophyll, the leaves were kept on a 
petri plate (Fig 3). Later, the bleached lea昀氀ets were stained 
with acetocarmine 1% solution for 1 to 2 hours (Fig 3). 
The stained eggs were observed, counted and measured 
under the stereo zoom trinocular microscope (Nikon 
SMZ745) and its measuring software. The total number 
of eggs deposited by each female was documented. 

Fig.3. Chlorophyll bleaching and staining 

of chilli leaves

The incubation period

To determine the incubation period, the oviposited 
leaves, which were used in earlier fecundity studies, 
were transferred from the rearing tubes to a sterile, moist 
cotton wad in a petri plate at a temperature of 25±1 
°C and a relative humidity of 65±5 % per cent in the 
laboratory. The hatching of newly laid eggs on chilli 
leaves placed inside the rearing tubes was monitored, 
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and 昀椀fteen observations were made, including the time 
between egg laying and the emergence of the 昀椀rst instar 
larva.

Larval instars

To study the larval instars, a 昀椀ne-toothed, moistened 
camel hairbrush was used to transport newly hatched 
larvae onto a leaf arena on a wet cotton pad in petri dishes. 
Every two or three days, fresh leaves were brought into 
the arena; i.e. three leaves were used in this experiment, 
and vaseline was used all over the leaf corners. This way, 
the larval instars did not escape from the leaf arena (Fig 
4). Examining the shed skin with a binocular microscope 
(Nikon SMZ745) and recording the number of larval 
instars and the days needed to complete each larval instar.

Fig.4. Experimental set up for larval rearing of 

T. parvispinus

Fig.5. Experimental set up for pre-pupa and 

pupal stages of T. parvispinus

Prepupa and Pupa

The dull second instars larvae of T. parvispinus were 
shifted with a camel hairbrush to another Petri plate 
containing one mm thick of 昀椀ne black soil for easy 
pupation (Fig 5). The visual observations viz., length of 
the wing pad up to the end or half to the abdomen and 
antennae position, were considered to differentiate the 
pre-pupa and pupa.

Adult longevity

The duration of adult longevity in thrips is observed 
from the time they emerge until they die in an OHP sheet 
cylindrical tube.

Morpho-metric measurements and statistical analysis 

All morphological stages, including the egg, larva, 
pre-pupa, pupa, and adult, were observed, and the 
length (mm) and breadth (mm) measurements were 
taken using a trinocular stereo zoom microscope (Nikon 
SMZ25) and the imaging programme NIS-Elements D 
version 5.02.03 (64 bit). The mean durations of different 
biological parameters were worked out using Excel 
2013. Similarly, the mean and standard deviation of 
morphometric values of various stages were worked out.

RESULTS AND DISCUSSION

Egg 

A female thrips lays  eggs irregularly on the leaf. The 
eggs are bean-shaped and shiny white, with a pair of 
tiny brownish-red eyes visible through the chorion at the 
anterior end just before hatching (Fig. 6). The incubation 
period ranges from 5.00 to 6.00 days, averaging 5.74 
± 0.34 days (Fig. 7 and Table 1). On average, the eggs 
measure 0.23 ± 0.01 mm in length and 0.13 ± 0.01 mm 
in breadth (Table 2).

Larval instars

Upon hatching, the larva emerged head昀椀rst, wriggling 
in all directions and leaving the eggshell inside the leaf 
tissue. Chilli thrips have two larval instars, 昀椀rst and 
second, with distinct characteristics. The newly hatched 
昀椀rst instar larva was translucent white, gradually turning 
light yellow with seven-segmented antennae and red 
eyes (Fig. 6). This stage lasted between 2.00 and 3.00 
days, averaging 2.16 ± 0.24 days (Fig. 7 and Table 1). 
The 昀椀rst instar larva had an average length of 0.35 ± 0.02 
mm and a width of 0.11 ± 0.01 mm (Table 2). The second 
instar larva was dark yellowish with red eyes, distinct 
antennal segments with pale brownish setae, and a stout, 
elongated body (Fig. 6). This stage lasted an average of 
3.76 ± 0.42 days, ranging from 3.00 to 5.00 days (Fig. 
7 and Table 1). The second instar larva had an average 
length of 1.06 ± 0.02 mm and a width of 0.22 ± 0.01 mm 
(Table 2).

Pre-pupa and Pupa 

The pre-pupa was dark yellow with red eyes and two 
pairs of small, transparent white wing pads that extended 
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almost one-third of the way down the abdominal 
segment, with antennae pointing forward (Fig. 6). The 
pre-pupa was markedly different from the second instar, 
being dull and immobile. In contrast, the second instar 
was very active and fast-moving. The pre-pupal phase 
lasted between 1 and 2 days, with an average duration of 
1.83 ± 0.23 days (Fig. 7 and Table 1). The average length 
and width of the pre-pupa were 0.93 ± 0.01 mm and 0.19 
± 0.01 mm, respectively (Table 2). The pupa was dark 
yellow with dark red eyes, with antennae positioned 
backward over the head towards the pro-thorax and 
longer wings extending to the sixth abdominal segment 
(Fig. 6). The pupal stage lasted 3 to 5 days, averaging 
4.17 ± 0.50 days (Fig. 7 and Table 1). The average length 
and width of the pupa were 0.86 ± 0.01 mm and 0.20 ± 
0.01 mm, respectively (Table 2).

Adults

Female: The females of T. parvispinus are brownish-
black with yellow legs and fringed wings that are brown 

at the base and black at the ends. The thorax is brown, 
and the abdomen is black. They have seven-segmented 
antennae. Females are larger than males and can be 
identi昀椀ed by their dark brown colour and the well-
developed saw-like ovipositor (Fig. 6). The female 
lifespan ranges from 8 to 11 days, with an average 
duration of 10.18 ± 0.47 days (Fig. 7 and Table 1). The 
total life cycle of females was in the range of 25.00 – 
29.00 days with an average of 27.84 ± 0.89 days. The 
average length and width of females are 1.29 ± 0.09 mm 
and 0.32 ± 0.01 mm, respectively (Table 2).

Male: The males were smaller than the females, with 
their whole body being yellow (Fig. 6). Male longevity 
ranged from 4.00 to 6.00 days, with an average duration 
of 5.55 ± 0.46 days (Fig. 7 and Table 1). The total life 
cycle of males was in the range of 22.00- 24.00 days 
with an average of 23.21 ± 0.56 days. The average length 
and width were 0.88 ± 0.03 mm and 0.17 ± 0.01 mm, 
respectively (Table 2).

Fig.6. Life cycle of T. parvispinus on chilli

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig.6. Life cycle of T. parvispinus on chilli
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Table 1. Biology of T. parvispinus on chilli under laboratory conditions

Stage of development Range (days) Mean ± SD

Incubation period 5 - 6 5.74 ± 0.34

I instar 2 - 3 2.16 ± 0.24

II instar 3- 5 3.76 ± 0.42

Pre –pupa 1-2 1.83 ± 0.23

Pupa 3-5 4.17 ± 0.50

Pre-ovipositional period 2-3 2.51 ± 0.24

Ovipositional period 3-4 3.58 ± 0.25

Post ovipositional period 3-5 4.09 ± 0.37

Adult longevity

Female 8-11 10.18 ± 0.47

Male 4 - 6 5.55 ± 0.46

Adult life cycle

Total female life cycle 25 - 29 27.84 ± 0.89

Total male life cycle 22 - 24 23.21 ± 0.56

Total Average life cycle 24 - 27 25.53 ± 0.70

Number per female

Fecundity 12 - 22 15.53 ± 3.46

Note: n=15, SD-Standard deviation

Table 2.  Morphometric studies of different life stages of thrips, T. parvispinus

Life stage
Length (mm) Breadth (mm)

Range Mean ± SD Range Mean ± SD

Egg 0.21- 0.23 0.23 ± 0.01 0.12 - 0.15 0.13 ± 0.01

I Instar 0.29 – 0.37 0.35 ± 0.02 0.10 – 0.13 0.11 ± 0.01

II Instar 1.02 – 1.08 1.06 ± 0.02 0.21 – 0.24 0.22 ± 0.01

Pre-pupa 0.91 - 0.96 0.93 ± 0.01 0.18 - 0.19 0.19 ± 0.01

Pupa 0.82 - 0.87 0.86 ± 0.01 0.18 – 0.21 0.20 ± 0.01

Adult (male) Adult 0.82 - 0.93  0.88 ± 0.03 0.14 – 0.18 0.17 ± 0.01

(female) 0.95 - 1.34 1.29 ± 0.09 0.31 – 0.33 0.32 ± 0.01

Note: n=15

Reproductive parameters 

The pre-ovipositional period ranged from 2.00 to 
3.00 days, averaging 2.51 ± 0.24 days (Fig. 7 and Table 
1). The ovipositional period ranged from 3.00- 4.00 days 
with an average of 3.58 ± 0.25 days (Fig. 7 and Table 1). 

The post-ovipositional phase lasted 3–5 days, averaging 
4.09 ± 0.37 days (Fig. 7 and Table 1). The fecundity 
ranged from 12.00 to 22.00 eggs, averaging 15.53 ± 3.46 
eggs per female (Table 1).
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Fig.7. Box plot of the life cycle stages of T. parvispinus

The current 昀椀ndings align with Hutasoit et al. (2017), 
who reported average durations for egg, 昀椀rst instar larva, 
second instar larva, prepupa, and pupa as 4.79, 1.36, 
3.54, 1.08, and 1.96 days, respectively. They also noted 
mean values for the pre-oviposition period, life cycle, 
adult lifespan, and fecundity as 1.11 days, 13.68 days, 
8.55 days (female), 6.00 days (male), and 15.33 eggs, 
respectively. These 昀椀gures are similar to our 昀椀ndings, 
which reported averages of 5.74, 2.16, 3.76, 1.83, and 
4.17 days for the same developmental stages, with mean 
values of 2.51 days for the pre-oviposition period, 25.53 
days for the life cycle, 10.18 days (female) and 5.55 days 
(male) for adult lifespan, and 15.53 eggs for fecundity. 
These variations can be attributed to environmental 
changes, as suggested by Hutasoit et al. (2019), who 
highlighted that temperature and host plants in昀氀uence 
pest development duration.

Our results partially agree with Murai et al. (2010), 
who found mean generation times of 37.6, 24.8, and 
18.8 days and mean fecundity of 50, 69, and 56 eggs 
at 20, 25, and 30°C, respectively. The mean generation 
time at 25°C (23.35 days) aligns with our 昀椀ndings, but 
fecundity differs due to varying climatic conditions, 
such as the photoperiod used in their study. Ahmed et 

al. (2023) reported an egg period of 4-5 days, 昀椀rst and 

second larval stages of 2-3 days each, prepupa and pupa 
stages of 2-3 days each, adult female lifespan of nine 
days, male lifespan of six days, and a total lifecycle of 
13-14 days with a fecundity of up to 15 eggs per female. 
These 昀椀ndings partially con昀氀ict with ours, likely due to 
differences in host plants used in the studies.

Given the limited information on the biology of T. 

parvispinus, our study draws on data from studies on 
Thrips orientalis and Thrips tabaci for reference. The 
comparable life cycle duration of T. parvispinus and T. 

orientalis, despite signi昀椀cant differences in fecundity, 
underscores the need for further research to understand 
the role of host plants and local climatic conditions in 
pest development. Devi and Roy (2019) observed similar 
developmental stages: incubation period (2-6 days), 昀椀rst 
instar (2-3 days), second instar larva (4-6 days), prepupa 
(2-3 days), pupal duration (3-5 days), pre-ovipositional 
phase (1-3 days), post-ovipositional period (2-3 days), 
average life cycle (22-28 days), and fecundity (18-42 
eggs per female). However, differences in the post-
ovipositional period and fecundity may be due to the 
nutritional status of the host and laboratory conditions.

Johari et al. (2014) examined the body size variations 
of T. parvispinus in the lowland and highland areas 
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of Jambi Province, Indonesia. They found that in the 
lowland area, long-sized thrips measured 1.42 ± 0.065 
mm, medium-sized thrips were 1.32 ± 1.15 mm, and 
short-sized thrips were 0.122 ± 0.051 mm. The thorax 
width measurements were 0.30 ± 0.017 mm for long-
sized thrips, 0.28 ± 0.021 mm for medium-sized thrips, 
and 0.29 ± 0.027 mm for short-sized thrips. Our 昀椀ndings 
somewhat correspond to the medium-length adult thrips 
from the lowland areas (100-500 m above sea level), 
which is similar to the mean sea level range in Raichur.
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 
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ABSTRACT: Studies were conducted in four consecutive seasons from kharif, 2022 to rabi, 2023, on  onion crop 
to understand the thrips, Thrips tabaci Linderman incidence. The identity of the species was con昀椀rmed through 
morphological characteristics as well as sequence ampli昀椀ed product of Cytochrome c oxidase subunit I (COI) gene 
(GenBank No. PP838743). The phylogenetic analysis revealed that the T. tabaci population is closely related to the 
sequence of MZ882441 and MT991561 from China and New Delhi, India, respectively. Incidence in the Kharif season 
has experienced minimal thrips infestation compared to the Rabi season, where severe infestation was noted. The peak 
thrips population occurred in the 6th Standard Meteorological Week (SMW) of 2022 and 2023, highlighting the role of 
weather in thrips population dynamics. Correlation analysis indicated that maximum temperature exhibited a signi昀椀cant 
positive correlation, while relative humidity showed a signi昀椀cant negative correlation. Additionally, rainfall was found 
to have a cleansing effect on thrips populations, resulting in lower incidences during the Kharif season. However, during 
the Rabi season, the coincidence of higher temperatures with low relative humidity contributed to the proliferation of 
thrips, making them a signi昀椀cant threat to bulb onion production. This study provides a comprehensive information on 
the occurrence, species con昀椀rmation, nature of damage, seasonal incidence and associated weather parameters with T. 

tabaci in onion crops.

Keywords: correlation, Cytochrome c oxidase subunit I, incidence, population dynamics, thrips.

INTRODUCTION

Onion, Allium cepa L. (Amaryllidaceae), is one of 
the most widely cultivated and consumed vegetables 
worldwide. India is the second largest producer of onion 
in the world, next only to China, and the crop occupies 
an area of approximately 1.94 million hectares, with 
a production of 26.64 million MT in the year 2021. 
Karnataka is ranked the highest onion producer, next to 
Maharashtra in India. However, the onion market in India 
is often volatile due to various factors such as weather 
conditions, pest infestations and 昀氀uctuations in demand 
and supply. Among the biotic factors, onion thrips, 
Thrips tabaci Lindeman (Thysanoptera: Thripidae) is 
the consensus important pest. The thrips,  T. tabaci is 
one of the most economically important insect pests of 
onion and causes signi昀椀cant yield loss worldwide (Gill 
et al., 2015). Larvae and adults mainly cause economic 
damage, and reducing the photosynthetic processes 
produces smaller bulbs (Boateng et al., 2014). However, 
the pest status of onion thrips can be attributed to various 
factors, i.e., polyphagous nature, high reproductive 
rate, short generation time, high survival of cryptic 
(non-feeding pre-pupa and pupa) instars, and ability to 

reproduce without mating. The damage due to the thrips 
in onion induces more excellent ethylene production 
when the saliva from the thrips comes into contact 
with damaged tissues, which causes the ripening and 
senescence of leaves. Extensive feeding by thrips in 
onion not only results in plant stunting and reduced bulb 
yield, but it also predisposes the plants to various fungal 
and bacterial pathogens, leading to further decreases in 
bulb yield and could allow pathogens to infect the plant, 
causing quality reductions in storage.

Climate change has in昀氀uenced the growth and 
development of insect pests (Bergant et al., 2005). 
Although these pests existed earlier with minimal 
damage, global warming now favors their proliferation, 
exacerbating the problem. However, there is hope in the 
form of integrated pest management (IPM) programs. 
Accurate identi昀椀cation of pest species is a fundamental 
step in these programs. Thrips, being minute insects, 
require reliable identi昀椀cation. This study addresses 
species con昀椀rmation, incidence and the potential 
in昀氀uence of weather parameters on thrips abundance in 
the North Transition Zone of Karnataka, India.
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MATERIALS AND METHODS

Study site

The present investigation was undertaken at the Main 
Agricultural Research Station (MARS), University of 
Agricultural Sciences (UAS), Dharwad (15 0 49’N; 74 
0 96’E) for four consecutive seasons from 2022-2023 in 
昀椀eld condition. The popular and ruling onion varieties, 
Bheema super and Bheema Shakti were taken during 
the Kharif and Rabi seasons, respectively. The seedlings 
were raised as per the practice package developed by 
UAS Dharwad. The 6-8 weeks onion seedlings were 
transplanted to the main 昀椀eld with a spacing of 15 × 10 
cm and an area of 10 × 10 m. The crop was raised as per 
the package of practices except for insecticide spray.

Morphological identi昀椀cation

In a 昀椀xed plot, observation was taken from pest 
initiation until the end of the pest activity during the 
study period. The adult and immature stages of T. tabaci 
insects were collected from the infected plants using a 
昀椀ne camel hair brush and kept in plastic vials containing 
70% ethanol. The collected specimens were identi昀椀ed at 
the species level using the taxonomic key by Amutha and 
Rachana (2023). Voucher specimens were deposited in the 
National Insect Museum at the ICAR- National Bureau 
of Agricultural Insect Resources, Bengaluru, India.

Molecular con昀椀rmation

Genomic DNA extraction

Genomic DNA was extracted from the individual 
sample of thrips using a DNA extraction kit (Qiagen 
DNeasy, Hilden, Germany) following the manufacturer’s 
protocols with slight modi昀椀cation (Swapnarani et al., 
2023; Shivakumaraet al., 2024).

Polymerase chain reaction (PCR) and COI gene 

sequencing

PCR ampli昀椀cation was performed by using a 658bp 
region near the 5′ terminus of the COI gene by using a 
standard protocol (Hebert et al., 2003). The COI gene 
primers used for ampli昀椀cation were: forward primer (LCO 
1490 5′-GGTCAACAAATCATAAAGATATTGG-3′) 
and reverse primer (HCO 2198 
5′-TAAACTTCAGGGTGACCAAAAAATCA-3′) 
(Folmer et al., 1994). Polymerase Chain Reaction 
(BioRad C1000™) was carried out by using 200 µL 
volume PCR tubes (Tarsons, Kolkata, India). An aliquot 

of 25 µL contained 12.5 µL of 2 × reSource™ Taq 
Mix (resource Taq DNA Polymerase, 6 mM MgCl

2
, 2 

mMdNTPs) (Source Bioscience, UK), 1 µL of each 10 
µM primer, 8.5 µL of molecular biology grade water 
(Sigma Aldrich) and 2 µL of template DNA. PCR was 
performed with initial denaturation at 94oC for 5 min, 
followed by 35 cycles of denaturation at 94 oC for 0.30 
min, primer annealing at 48 oC for 0.30 min and extension 
at 72 oC for 0.30 min. Then, a 昀椀nal extension was 
performed at 72 oC for 5 min before storing the reaction at 
4oC. The PCR products were separated on 1.5% agarose 
gel electrophoresis (Sambrook and Russell, 2001). PCR 
products were sequenced by Euro昀椀ns Genomics India 
Pvt Ltd, Bengaluru, India. The homology, insertions, 
deletions, stop codons and frameshifts were checked by 
using NCBI-BLAST and ORF 昀椀nder. The samples were 
bi- directionally sequenced and checked for homology, 
insertions and deletions, stop codons and frameshifts by 
using the Basic Local Alignment Search Tool (BLASTn, 
http://www.ncbi.nlm.nih.gov), with the sequence of 
similar or related genera retrieved from National Center 
for Biotechnology Information (NCBI). The partial 
sequence of study isolate was deposited in Gen Bank, 
NCBI database and an accession number was obtained.

Phylogenetic analysis

The phylogenetic analysis was carried out using 
MEGA-11 (Tamura et al., 2021) to explain the relationship 
between the study isolate (PP838743) and other thrips 
populations from different world geographical regions. 
Similar to our target sequence, the sequences were 
downloaded from NCBI and GenBank (https://www.
ncbi.nlm.nih.gov/nucleotide/). All nucleotide sequences 
under study were aligned using the Clustal-W tool of 
MEGA-11. The Neighbor-Joining method inferred the 
evolutionary history (Saitou and Nei, 1987). The optimal 
tree is shown. The evolutionary distance was computed 
using the Maximum Composite Likelihood method 
(Tamura et al., 2004) and is the unit of the number of 
base substitutions per site. This analysis involved 27 
nucleotide sequences of T. tabaci. All ambiguities were 
removed for each sequence pair (pairwise deletion 
option). There were a total of 677 positions in the 昀椀nal 
dataset. The evolutionary history was exhibited based 
Kimura-two-parameter model with 1000 bootstrap 
replications (Tamura et al., 2021).

Nature of damage and severity

The thrips population was counted on ten randomly 
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selected plants at weekly intervals from 15 days after 
transplanting till harvest. Both adult and immature stages 
of thrips were counted by opening the neck region of the 
plant, and the mean thrips per plant were worked out. 
Thrips damage rating was calculated at 45, 60 and 90 
DAT by adopting the following damage scale adopted by 
Njau et al. (2017). Where 0= Damage, 1= 0.1-20% leaf 
area damaged, 2= 20.1- 40% leaf area damaged, 3=40.1-
60% leaf area damaged, 4=60.1-80% leaf area damaged, 
5=80.1-100% leaf area damaged. 

Correlation of weather parameters with thrips 

incidence 

The effect of different weather parameters i.e. 
maximum temperature (X

1
), minimumtemperature (X

2
 

), morning relative humidity (X
3
 ), evening relative 

humidity (X
4
 ), and rainfall(X

5
 ) on the incidence of 

the thrips species on onion crop was worked out to 
know therelationship of pest incidence with weather 
parameters. All the statistical analysis was performed 
using Microsoft Excel 2010 software.

RESULTS AND DISCUSSION

Taxonomic investigations led to the identi昀椀cation 
of the thrips species as Thrips tabaci Lindeman 
(Thysanoptera: Terebrantia: Thripidae). 

Diagnosis

Female macroptera (Fig. 1): Abdominal pleurotergites 
with closely spaced rows of regular, 昀椀ne microtrichia; 
lateral margins of tergites with microtrichia on sculpture 
lines; tergite IX with one pair of campaniform sensilla, 
anterior pair absent; antennal segment V not sharply 
paler than IV.

Fig. 1. Thrips tabaci

All the search analysis results revealed that the 
analyzed species belongs to T. tabaci. Alignment of 
the T. tabaci mtCOI sequences was found to have no 

Fig. 2. The phylogenetic relationships of the study 

isolate from the Onion population using 658 bp 

mitochondrial cytochrome oxidase I (CO I) sequence of 

Thrips tabaci using the Maximum Likelihood method 

based on the Tamura-Nei model. The isolate from the 

current study is marked with a diamond. The tree was 

formed using the MEGA-11 program.

deletions or insertions and no stop codons, consistent 
with the ampli昀椀ed DNA arising from functional genes. 
The sequence generated by the study (PP838743) showed 
100% identity with T. tabaci (MN036460), which was 
submitted from China on Onion. Further, the sequence 
and the specimen details were submitted to the BOLD 
database and DNA barcodes were generated. 

The phylogenetic tree was constructed from T. tabaci 

MtCOI data from this study. The present phylogenetic 
analysis consisted of 27 MtCOI sequences including 
one sequence generated from this study, 26 sequences 
were downloaded from the NCBI Genbank database 
which includes the sequences across the different 
geographical regions of the world, showcasing the global 
reach of our study. One sequence of common blossom 
thrips, Frankliniella schultzei Trybom (Thysanoptera: 
Thripidae) COl gene with NCBI accession number 
KF144133 served as an out-group. The evolutionary 
history was inferred by using the Maximum Likelihood 
method based on the Tamura-Nei parameter model 
(Tamura et al., 2013). The tree generated by combining 
the NCBI Genbank sequences showed one major clade 
(Fig. 2). All the T. tabaci populations were clustered 
in one clade and had a high degree of geographical 
representation from different regions, emphasizing 
the breadth of our study. The study isolate was closely 
associated with MZ882441 and MT991561 the sequence 
originated from Yunnan, China and New Delhi, India 
respectively.

Seasonal abundance of Thrips tabaci on onion
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Both larvae and adults have very distinctive feeding 
behavior by punching through the leaf surface and 
then extracting sap from plant and it release substances 
that helps to pre-digest the leaf tissue and consume 
mesophyll cells normally. Ultimately leads to loss of 
chlorophyll and reduced photosynthetic ef昀椀ciency. The 

results were by Boating et al. (2014). Further, damage 
appears as silvery patches or streaks on the leaves (Fig 
3). Theincidence started from the 31st SMW i.e., August 
1st week and reached a peak (10.5 thrips/plant) at the 38th 
SMW i.e., 3rd week of September in Kharif 2022 (Fig 4).

Fig. 3. Damage caused by Thrips tabaci on onion

In Kharif 2023, thrips infestation began in the 33rd 
Standard Meteorological Week (SMW), which is the third 
week of August and peaked in the 38th SMW, which is 
the last week of September, with a signi昀椀cant infestation 

of 22.60 thrips per plant (Fig. 4). Unlike in 2022, there 
was no monsoon rain during the Kharif season of 2023. 
This absence of rain likely contributed to the continuous 
presence of thrips throughout the season.

 
Fig. 4. Population dynamics of thrips in onion during kharif 2022 and kharif 2023 Fig. 4. Population dynamics of thrips in onion during kharif 2022 and kharif 2023

During this study period, the infestation was much 
less compared to other season because monsoon rain 
might have washed out the thrips. Both rainfall and the 
total number of rainydays showed a negative signi昀椀cant 

effect on thrips infestation. This suggests that increased 
rainfall and rainy days correlate with decreased thrips 
infestation during Kharif (Table 1).
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 Morning rnoon l(m Rainy 

Kharif 2022   NS   -

  0.647   

Kharif 2023   NS   -0.092

Fig. 5. Population dynamics of thrips in onion during rabi 2022 and rabi 2023

In rabi 2022 and 2023, thrips incidence began in 
the 51st Standard Meteorological Week (SMW), which 
corresponds to late December and peaked in the 6th 
and 7th SMW of the respective years (Fig. 5). The 
peak populations recorded were 72.60 thrips per plant 
in 2022 and 75.10 thrips per plant in 2023. Maximum 
temperature and morning and afternoon relative humidity 
were signi昀椀cant factors in昀氀uencing thrips incidence 
(Table 1), with higher temperatures and lower humidity 
associated with increased thrips populations. These 
results align with those given by Akashe et al. (2016) 
where they observed that Thrips palmi Karny incidence 
was positively correlated with maximum temperature 
while negatively correlated with Morning RH, afternoon 
RH and rainfall in sun昀氀owers. Linear regression analysis 

predicted that maximum temperature was the most 
important weather factor which in昀氀uenced thrips to 
the tune of 92.1 % (Fig. 6) while rainfall, morning and 
afternoon relative humidity had only 18.5 %, 38.2% and 
30.2% in昀氀uence on incidence during Rabi, respectively. 
However, rainfall and rainy days did not signi昀椀cantly 
affect thrips populations during these Rabi seasons 
(Table 1). Since the thrips population is more during the 
rabi seasons (2022 and 2023), leaf feeding damage also 
increased, and the damage percentage increased as the 
crop age progressed. At 90 DAT, the leaf damage scale 
was three, corresponding to 45.2 and 48.8 percent leaf 
damage during Rabi 2022 and Rabi 2023, respectively 
(Table 3).

Table 1. Correlation matrix of weather parameters with the incidence of thrips in onion from 2022-2023

Correlation coef昀椀cient (r)

Season Max. 

Temperature

Min. 

Temperature

Morning 

RH

Afternoon 

RH

Rainfall 

(mm)

Rainy 

days

Kharif 2022 0.389NS -0.051NS -0.044NS -0.155NS -0.535* -0.573*

Rabi 2022 0.633* -0.441NS -0.647* -0.617* -0.375NS --

Kharif 2023 0.157NS -0.349NS -0.259NS -0.231NS -0.023NS -0.092NS

Rabi 2023 0.663** -0.024NS -0.553* -0.609* -0.223NS -0.223NS

NS: Non signi昀椀cant;     *Signi昀椀cant at 0.05 level;    ** signi昀椀cant at 0.01 level; -- : no rainy days;    RH: Relative 
humidity (%)
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Table 2. Multiple regression model for thrips incidence

Thrips incidence Regression equation R2

Kharif 2022 Y=(0.677)T.Max + (-2.287) T.Min + (0.829) Morning RH + ( -0.351) 
Afternoon RH + (-0.079) rainfall + (0.243) rainy days + (-16.678)

0.592

Rabi 2022 Y=(7.330) T.Max + (1.410) T.Min + (-1.218) Morning RH + ( -0.132) 
Afternoon RH + (-1.005) rainfall + (-135.263)

0.518

Kharif  2023 Y=(-1.863)T.Max + (-7.618) T.Min + (-0.64) Morning RH + ( -0.220) 
Afternoon RH + (-0.224) rainfall + (3.245)rainy days + 289.13

0.538

Rabi 2023 Y=(11.326)T.Max + (-5.696) T.Min + (-1.574) Morning RH + (0.932) 
Afternoon RH + (-0.183) rainfall + (-169.23)

0.623

T. Max: Temperature Maximum, T. Min: Temperature Minimum, RH: Relative Humidity

Fig. 6. Effect of Maximum Temperature on incidence of thrips during Rabi (pooled data of 2022and 2023)

This study reveals the in昀氀uence of weather 
parameters on the incidence of thrips. In the Kharif 

season, the population was very low, and the same 
observation was made by Dharmatti and Beeraganni 
(2013). Likewise, Liu (2005) also recorded a signi昀椀cant 
difference in thrips population between onion growing 
seasons. Higher temperature coupled with lesser relative 
humidity supports the buildup of the thrips population 
in matured crops, revealing that hot and dry climate 
promotes higher incidence in onion. These results were 
on par with observations made by Choudhary (2016) on 
the incidence of thrips in cowpeas. The peak population 
of T. tabaci occurred within the maximum temperature 
range of 30-33oC as recorded by Karuppaiah et al. 

(2018) in garlic, and the minimum temperature ranged 
from 14-19 oC. This suggests that certain temperature 
thresholds are conducive to thrips proliferation. In this 
study, rainfall, rainy days, and minimum temperature 

showed a negative, non-signi昀椀cant effect on thrips 
incidence in Rabi, consistent with 昀椀ndings by Karar et al. 
(2014). Lower relative humidity, both in the morning and 
afternoon, facilitated thrips establishment in onion crops. 
This 昀椀nding is supported by the results of a study by 
Kumar et al. (2015). Foliar feeding damage by the thrips 
was recorded by giving a leaf damage score. Though the 
incidence is very low during this season, the maximum 
damage score was 1, corresponding to 4.27 percent leaf 
damage at 90 DAT (Table 3). Since thrips were washed 
out by rain, there was no continuous feeding irritation on 
foliage. Therefore, the greening appearance was more. 
Leaf feeding damage score was one throughout the 
season (Table 3). On the other hand, multiple regression 
studies revealed that weather factors in昀氀uenced 59.2, 
51.8, 53.8 and 62.3 percent on the incidence of T.  tabaci 
on onion in Kharif 2022, Rabi, 2022, Kharif, 2023 and 
Rabi, 2023, respectively (Table 2).
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Table 3. Thrips damage rating on onion leaves from Kharif 2022-Rabi 2023

Cropping Season

45DAT 60DAT 90DAT

Percent leaf 

damage

Damage 

score

Percent leaf 

damage

Damage 

score

Percent leaf 

damage

Damage 

score

Kharif 2022 0 0 3.67 1 4.27 1

Rabi 2022 6.0 1 17.3 1 45.2 3

Kharif 2023 0 0 4.5 1 12.0 1

Rabi 2023 6.17 1 16.9 1 48.8 3

DAT: Days after transplanting
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Biology and morphometry of common Mormon butter昀氀y, Papilio polytes L. 

(Papilionidae: Lepidoptera) on acid lime
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ABSTRACT: The common Mormon, Papilio polytes L. is one of the important butter昀氀y pests on citrus crops. The 
biology of P. polytes was studied under laboratory conditions at the Department of Agricultural Entomology, College of 
Agriculture, Vijayapura, Karnataka, India. The average fecundity was 21.70 eggs per female butter昀氀y. The incubation, 
total larval and pupal period were observed to be of 3.83, 14.88 and 13.36 days, respectively. The total lifecycle of 
male and female butter昀氀y was completed in 39.42 and 41.47 days, respectively. Pre-oviposition, oviposition and post-
oviposition period were 1.18, 5.96 and 1.20 days, respectively.

Keywords: Acid lime,  Papilio polytes, biology, morphometry, incubation period, larval period
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 

3 Union Territories. The decrease in yields of coconut 

Diaphania indica

Vol. 29, No.1 pp 1-12 (2023)
DOI Number:10.5958/0974-4541.2023.00001.2

INTRODUCTION

The common Mormon, P. polytes L. is one of 
the serious butter昀氀y pests whose larval forms cause 
economic damage to crops by devouring large quantity 
of foliage during their development on citrus crops 
(Singh, 1993; Dileepkumar et al., 2022). The caterpillars 
are voracious feeders of young seedlings and cause death 
of the seedling within no time (Resham et al., 1986). 
The larvae of this butter昀氀y are of regular occurrence in 
nurseries, young plantation and on new昀氀ush of grown 
up trees. Severe infestation of pest results in complete 
defoliation of the tree and decreased photosynthetic 
activity leading to reduction in vigour, plant growth and 
昀椀nally fruit yield (Butani and Jotwani, 1975). The pest 
is also known to feed on other hosts belong to family 
rutaceae (Corbet and Pendlebury, 1992; Haribal, 1992; 
Gunathigalraj et al., 1998). In recent times, increase in 
area under cultivation of acid lime in northern parts of 
Karnataka attracted many insect pests to cause severe 
damage to crop (Dileepkumar et al., 2022). Among 
them, P. polytes is one of the butter昀氀y pests which have 
been limiting production under both nursery and 昀椀eld 
conditions along with P. demoleus. The morphological 
differentiation of immature stages of both the species of 
butter昀氀y needs greater attention for correct identity of 
the pest. The literature on biology and morphometry of P. 

polytes is very meagre in India. So, the present study was 
undertaken to know developmental behaviour of pest on 
acid lime (Citrus aurantifolia Swingle) under laboratory 
conditions. This information may form valuable basis 
for correct identity and initiation of suitable control 
measures against this pest.

MATERIALS AND METHODS

The 昀椀eld culture of P. polytes was collected from 
the acid lime orchards near College of Agriculture, 
Vijayapura, Karnataka. The collected larvae were reared 
on acid lime leaves placed in petri plates and fresh leaves 
were renewed twice in a day till the end of larval stage 
in the laboratory (27±2ºC, 65-70%RH). The pupae were 
collected and placed in an oviposition cage for adult 
emergence. The adult butter昀氀ies on emergence were 
provided with acid lime seedlings as substrate for the 
oviposition. The cotton soaked in 10% sugar solution 
was provided as food source. Ten pairs of adults were 
maintained separately in ovipositional cages to record 
the fecundity. Freshly laid eggs were collected every 
day and larval rearing was continued till pupation. The 
observations on life stages viz., egg, larva, pupa and 
adults were recorded daily. The parameters like pre-
oviposition period, oviposition period, post-oviposition 
period, incubation period, larval period (instars-wise), 
pre-pupal period, pupal period, adult longevity (Male 
and Female) and total length of life cycle in days were 
observed and mean duration for completion of each 
stage was computed. The morphometric observations 
on diameter, length and width of various life stages viz., 
egg, larva, pupa and adults was measure with the help 
of stereo binocular microscope which was arranged with 
a camera at the apex of the eye piece. Later the mean 
values were computed with statistical analysis.

RESULTS AND DISCUSSION

Egg: The female P. polytes deposited egg singly on 
dorsal and ventral surface of leaves, young twigs and 
sometimes on stem portion of the plant. Freshly laid 
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eggs were small, spherical, greenish yellow and smooth 
in appearance. One day after, eggs were turn into pale 
yellow to cream colour with black taint on the surface 
of the egg and gave 昀椀nely roughened appearance on 
surface (Fig. 1). Eggs become brownish black at one day 
before hatching. The fecundity was varied from 18 to 23 
number of eggs per female and average fecundity was 
21.70 ± 1.45 eggs per female. The average incubation 
period was 3.83 ± 0.24 days (Table 1).The diameter of 
egg was ranged from 1.13 to 1.35 mm with an average 
of 1.28 ± 0.06 mm (Table 2).The present observations 
on morphological descriptions of eggs of P. polytes were 
supported by Khan et al. (2019) and Islam et al. (2017). 
The similar incubation period were recorded in earlier 
reports (Suwarno et al., 2007; Jaafar et al., 2014; Islam 
et al., 2017). 

Larva: The larvae of P. polytes were moulted four 
times and passed through 昀椀ve larval instars during 

the completion of larval stage. First instar larva was 
yellowish dark brown dorsally and dark brown laterally. 
Hypognathous head with mandibles and two conspicuous 
primary setae. White bands encircles 昀椀rst and last 
abdominal segment of the body (Fig. 2). The terminal 
abdominal segment bears whitish brown caudal horns. 
Larvae with small and large setae covering lateral sides 
of the body. The average length and width of 昀椀rst instar 
larva was 7.74 ± 0.13 and 1.22 ± 0.06 mm, respectively 
(Table 2). The second instar larva was looking like late 
昀椀rst instar larva except in size and length of the body. 
The anterior parts of body heighten and widened than 
posterior part of the body. Larva with more extricates 
white marking on middle and posterior parts of the 
body (Fig. 3). As the age of larva was increased, white 
patches become more widened dorsally and laterally of 
the body. The average length and width of second instar 
larva was 8.72 ± 0.12 and 1.68 ± 0.04 mm, respectively. 
Third instar was dark brown with distinguishing white 

Table 1. Biology of common Mormon butter昀氀y, Papilio polytes L. reared on acid lime under laboratory conditions

SD- Standard Deviation

N. T. Dileep Kumar et al.

Life stage parameter Duration (days) Mean± SD

Fecundity 21.70±1.45

Incubation period 3.83± 0.24

Larval period

I instar 2.39±0.25

II instar 2.21±0.25

III instar 2.56±0.36

IV instar 3.29±0.26

V instar 4.43±0.20

Total larval period 14.88±0.63

Pre-pupal period 1.00±0.00

Pupal period 13.36±0.59

Adult longevity

Male 6.35±0.33

Female 8.39±0.35

Total life cycle

Male 39.42±0.41

Female 41.47±0.39

Pre-oviposition 1.18±0.26

Oviposition 5.96±0.43

Post-oviposition 1.20±0.25

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 101-105 (2024)
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Fig 1. Egg

furrow on lateral sides of thoracic and abdominal 
segments. Three pairs of white-bluish spots were present 
on dorsum of second to fourth abdominal segments (Fig. 
4). Caudal horns were thicker, conspicuous, snow-white 
in colour and present on last abdominal segment. A pair 
of white spiky projection was visible on dorsum of 昀椀fth 
abdominal segment.The average length and width of 
third instar larva was 13.34 ± 0.28 and 2.42 ± 0.08 mm, 
respectively. Fourth instar larva more or less similar to 
third instar larva but has greasy appearance with greenish 
coloration of body. The lateral white streak completely 
enclosed the 昀椀rst and second abdominal segments (Fig. 

5). Metathoracic segment bears four conspicuous white 
bluish spots dorsally. The average length and width of 
fourth instar larva was 31.19 ± 0.94 and 4.80 ± 0.09 
mm, respectively. Unlike to early instars, 昀椀fth instar 
larva was drastically different in physical appearance. 
Newly moulted 昀椀fth instar larva was light green, later 
the colour was gradually changed to pure green. Dorsally 
there were two transverse sinus marking on the body, 
one is connected two eye spots present laterally on 
meta-thoracic segment and another one occurs between 
dorsum of meta-thorax and 昀椀rst abdominal segment. A 
pastel purplish bluish slit was existing in sinus marking. 

Fig 4. Third instar

Fig. 7. Pre-pupa

Fig 2. First instar

Fig. 5. Fourth instar

Fig.8. Green pupa

Fig 3. Second instar

Fig 6. Fifth instar

Fig. 9. Brown Pupa

Female adult Male adult

Biology and morphometry of Papilio polytes 
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Two pairs of bluish spots were present on dorsal side 
of third and fourth abdominal segments. Three pairs of 
oblique black to brownish bars were present on either 
side of the abdominal segments; 昀椀rst pair of oblique 
bar was arising from the base of lateral side of third 
abdominal segment and ended on dorsum of fourth 
abdominal segment. Second pair of bar was present on 
lateral sides of six abdominal segment and short third bar 
occurred an each sides of last abdominal segment(Fig. 
6). The three pairs of thoracic and 昀椀ve pairs of abdominal 
pseudo legs were more conspicuous than earlier instars. 
Thoracic legs were whitish and spongy at the base and 
bears terminal hook like structure. Abdominal pseudo-
legs were whitish, stumpy and spongy in appearance. 
Fleshy, pink, forked structure osmeterium was present 
on prothoracic region of larva, normally hidden but 
can be exerted outside when caterpillar was disturbed 
by external stimuli. The average length and width of 
昀椀fth instar larva was 36.48 ± 0.42 and 8.02 ± 0.07 mm, 
respectively. The total larval period was 14.88 ± 0.63 
days (Table 1). Similar morphological observations were 
recorded by Islam et al. (2017) and Khan et al. (2019) on 
different larval instars of P. polytes.

Pupa: Mature 昀椀fth instar larva was stopped feeding, 
becomes inactive, body shortened gradually in length 
and attached to substrate with frontal and posterior parts 
of the body by bending upward mid dorsally (Pre-pupa)
(Fig. 7). The average pre-pupal period was 1.00 ± 0.00 
days. The pupa was formed one day after pre-pupal stage. 

The pupa of P. polytes is a chrysalis and was attached to 
substrate posteriorly with cremaster at the anal end and 
held in a position with help of silken griddles run dorsally 
on middle of the body. Two pupal forms were found, 
one being green morph which was predominantly green 
with two yellowish diamond patches on ventral side of 
abdominal segment. The brown morph was grayish to 
dark shades of brown (Fig. 8, 9). Pupae were having 
characteristic pair of cephalic horns, dorsal thoracic 
hum and a pair of caudal horn. Pupa turned black with 
appearance of black wings just before eclosion. The 
average pupal period was 13.36 ± 0.59 days (Table 
1).The average length and width of pupa was 30.58 ± 
0.64 and 7.97 ± 0.13 mm, respectively(Table 2).The 
pupal period of 9 to 15 days reported by Gaikwad and 
Bhawane (2013), Minh et al. (2015) and Islam et al. 
(2017) which corroborates the present study.

Adults: Adults of P. polytes were large, black colored 
with wide wing spread. The head, thorax and abdomen 
jet black colored with blackish scales all over the body. 
Head with hooked club shaped antenna and long curved 
proboscis. Thorax consists of three pair dusky black legs 
and two pairs of wing which are attractively colored on 
both the sides. Both female and male sexes were tailed 
giving the name swallowtails. Female was black with 
attractive red and white colored spots over the wings. 
Fore wing with pale streaks between the longitudinal 
veins. Hind wing with four elongated white spots and 
paler series of narrow red spots on outer margins of wing 

Table 2. Morphometry of common Mormon butter昀氀y, Papilio polytes reared on acid lime under laboratory 

conditions

Particulars
Width (mm) Length (mm)

Mean± SD Range Mean± SD Range

Egg (Diameter) 1.28±0.06 1.13-1.35 - -

I instar 1.22±0.06 1.10-1.45 7.74±0.13 7.42-7.91

II instar 1.68±0.04 1.59-1.73 8.72±0.12 8.46-8.85

III instar 2.42±0.08 2.29-2.55 13.34±0.28 12.99-14.00

IV instar 4.80±0.09 4.71-5.12 31.19±0.94 29.14-31.90

V instar 8.02±0.07 7.93-8.13 36.48±0.42 35.79-37.15

Pupae 7.97±0.13 7.57-8.15 30.58±0.64 29.39-31.70

Male adult 57.66±0.78 55.97-58.92 29.60±0.18 29.15-29.87

Female adult 65.62±0.86 64.05-66.65 30.69±0.37 30.15-31.50

SD- Standard Deviation

N. T. Dileep Kumar et al.

Pest Management in Horticultural Ecosystems
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(Fig. 10). The male was black, forewing with series of 
white spots decreasing in size towards the apex and hind 
wing with discal band of elongated white spots which 
were well separated from each other (Fig. 11). Similar 
morphological characters were observed in the earlier 
昀椀ndings (Islam et al., 2017; Suwarno et al., 2007). The 
longevity of adult male and female butter昀氀y was 6.35 ± 
0.33 and8.39 ± 0.35 days, respectively. The male sex of P. 

polytes was completed life cycle on an average of 39.42 
± 0.41 days, whereas life cycle of female butter昀氀y was 
completed in41.47 ± 0.39 days (Table 1).The average 
length and width of male adult butter昀氀y was 29.60 ± 
0.18 and 57.66 ± 0.78 mm, respectively whereas average 
length and width of female adult butter昀氀y was 30.69 ± 
0.37 and 65.62 ± 0.86 mm, respectively (Table 2). In 
accordance to present study Islam et al. (2017) recorded 
total developmental period of 32 to 64 days for P. polytes 
and opined that life cycle duration varies according to 
weather conditions. The pre-oviposition, oviposition and 
post-oviposition period was 1.18 ± 0.26, 5.96 ± 0.43 and 
1.20 ± 0.25 days respectively.

The common Mormon, P. polytes is occurring in 
serious proportions and causing signi昀椀cant damage to 
acid lime plants in northern parts of Karnataka. There 
is an ambiguity in morphological differentiation of 
immature stages of P. polytes with other closely related 
species of butter昀氀ies. The information generated during 
present study would be helpful for correct identity of 
pest by differentiating from other closely related species 
to initiate suitable control measures.
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ABSTRACT: Seasonal incidence of leaf webber, Spoladea recurvalis F. and Spodoptera litura F. on amaranthus 
(Amaranthussp. L) was studied during 2017-18 in  Tamil Nadu, India. The incidence of leaf webber was recorded 
throughout the season, the infestation was observed from the 昀椀rst week of observation (1st SMW) but a considerable 
larval population was recorded from the 05th SMW to the 10th SMW with the range of 1.22 to 2.31 larvae/ plant. The 
infestation of leaf caterpillars was observed from the 1st SMW and the incidence increased from the 5th SMW (0.15 
larvae/plant) and reached a peak during the 10th SMW (1.14 larvae/plant). The 昀氀uctuation in the incidence of leaf 
caterpillars occurred throughout the survey.  The correlation between the leaf webber incidence and weather parameters 
revealed that leaf webber incidence had a strong negative correlation with rainfall (-0.445**) and minimum temperature 
(-0.286*) and had a non-signi昀椀cant negative correlation with minimum temperature (-0.238NS) whereas leaf webber 
non-signi昀椀cantly positively correlated with relative humidity (-0.175NS). The leaf caterpillar had a signi昀椀cant negative 
correlation with maximum temperature (-0.346**), minimum temperature (-0.487**), and rainfall (-0.303*) whereas 
signi昀椀cantly positively correlated with relative humidity (0.348**).

Keywords: Amaranthus, defoliators, leafwebber, leaf caterpillar, incidence

INTRODUCTION

Amaranthus which is native to tropical America, has 
been widely distributed throughout the tropics and is 
considered a popular leafy vegetable. The Amaranthus 
plant's leaves are used as vegetables and its seeds are 
used as cereal. The amaranthus leaves are rich in calcium, 
phosphorus, folic acid, potassium, iron and vitamins A, 
B and C.  Insect pests are the major limiting factor in 
amaranthus cultivation, insect pests viz., Amaranthus 
stem weevil- Hypolixus truncatulus (F.), Amaranthus 
leaf webber, Spoladia recurvalis (Fab.), Amaranthus leaf 
webber, Eretmocera impactella, Psara basalis F., Pod昀氀y-
Gitona distigma, Leaf cater pillar, Eupterote mollifera 

Wlk., leaf worms (Spodoptera spp.), leaf rollers (Sylepta 

derogota), leaf miners (Liriomyza spp.), spider mites 
(Tetranychus spp.), stem boring weevils (Hypolixus 

haereus), bugs (Asparia armigera) were reported to 
cause damage to amaranthus (Okunlola et al., 2008).

Among the above pests, amaranthus leaf webber and 
leaf caterpillar are important on the amaranthus cultivated 
for its leaf vegetable. It affects the market quality and 
consumer preference by defoliating the leaves and also 
the presence of larval stages on the leaves. To avoid those 
pests farmers spray pesticides, which may cause severe 
health hazards to the consumers because of the short 
harvesting time. Pest and pesticide usage can be reduced 

by many alternate methods of pest management available 
such as botanicals, Insect growth regulators, biocontrol, 
host plant resistance, and ecological engineering etc., 
(Arivudainambi et al., 2010; Manikandan and Kannan 
2019 and 2020; Selvam et al., 2019; Manikandan et al., 
2019; Ayyamperumal et al., 2020). 

Understanding pest population dynamics and their 
relationship with weather parameters is very important 
to make decisions on the correct method and correct time 
of pest management to avoid economic losses. In this 
view, the experiment was conducted to understand the 
population dynamics of major defoliators in amaranthus 
leaf cultivation. 

MATERIALS AND METHODS

Studies were conducted in a farmer’s 昀椀eld in 
the Vallampadugai village, Kumaratchi block of the 
Cuddalore of Tamil Nadu during 2017 and 2018. The 昀椀eld 
area was one acre and the local cultivar of amaranthus was 
cultivated. There was no pesticide sprayed throughout 
the survey period. Observations were recorded during 
the morning hours (8.30 - 9.30 am). Twenty 昀椀ve random 
plants per location representing North, South, East and 
West of the amaranthus 昀椀eld were selected and examined 
for pest incidence. The incidence of leaf webber, S. 

recurvalis was recorded by counting the number of 
larvae present both on the leaves and within the webbed 
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Table 1. Seasonal incidence of major defoliators of amaranthus concerning weather parameters in “Rabi  2017and 

2018”

SMW Temperature (ºc) Relative 

Humidity (%)

Rainfall 

(mm)

No.of larva/ Plant

Maximum Minimum S. recurvalis S. litura

Rabi 2017

01 30.2 20.1 85 0.0 0.47 0.11

02 30.1 19.1 87 0.0 0.81 0.1

03 29.2 20.7 85 54.2 0.2 0.0

04 28.7 22 91 73.6 0 0.0

05 29.2 20.6 88 0.0 1.22 0.15

06 29.9 18.3 87 0.0 1.46 0.18

07 30 21.2 85 0.0 2.31 0.71

08 31.7 18.7 87 0.0 1.76 0.92

09 30.1 21.8 86 0.0 2.14 1.11

10 33.2 24.4 88 0.0 1.65 1.14

11 33.2 23.8 87 13 0.17 0.39

12 33.9 22.9 87 0.0 0.72 0.21

13 33.6 22.1 86 0.0 0.79 0.2

14 35.7 25.2 84 0.0 0.46 0.08

15 35.8 28.6 84 0.0 0.62 0.0

16 38.3 26.4 80 0.0 0.23 0.0

17 39.2 26.9 79 0.0 0.12 0.0

Rabi 2018

01 29.3 20.2 89 0.0 1.43 0.09

02 27.8 21.4 92 155.3 0.0 0.0

03 28.3 20.5 88 0.0 1.61 0.12

04 28.4 19.9 91 0.0 1.56 0.45

05 28.4 18.5 91 0.0 0.96 0.61

06 29.4 18.5 90 0.0 1.72 1.1

07 30.1 21.4 92 0.0 1.63 1.16

08 29.5 20.3 90 0.0 2.13 1.01

09 30.9 17.8 91 0.0 1.78 0.97

10 31.4 19 87 0.0 1.59 1.1

11 31.8 24.4 87 23.5 0.23 0.0

12 33.8 23.3 89 0.0 2.12 0.09

13 34.3 24.9 82 0.0 3.09 0.17

14 34.3 24.3 86 0.0 3.13 0.21
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15 33.8 25.4 86 4.2 3.22 0.37

16 35.2 25.3 84 0.0 2.65 0.76

17 36 25.5 85 0.0 1.03 1

Table 2. Seasonal incidence of major defoliators of amaranthus concerning weather parameters in “Kharif  2017 

and 2018”

SMW- Standard Meteorological Week

SMW- Standard Meteorological Week

SMW Temperature (ºc) Relative 

Humidity (%)

Rainfall 

(mm)

No.of larva/ Plant

Maximum Minimum S. recurvalis S. litura

Kharif  2017

27 37.6 26.4 78 0.0 0.34 0.07

28 36.7 25.3 85 1 0.94 0

29 34.3 25.2 84 0.0 1.15 0.19

30 35.8 26.1 79 3 1.24 0.26

31 37.4 25.9 81 13 0.19 0.16

32 35.7 25.6 81 0.0 1.02 0.25

33 35.1 24.8 84 50 0.0 0.0

34 32.6 24.3 89 17 0.1 0.0

35 33.2 25.4 84 7 0.67 0.0

36 33.6 26.1 83 4 0.89 0.0

37 34.1 24.9 82 6 0.62 0.0

38 31.8 25.5 82 40 0 0.0

Kharif  2018

27 35.4 24.8 84 34.8 0.0 0.0

28 35.1 26.4 83 0.0 0.31 0.05

29 36.1 26.2 80 4 0.27 0.09

30 36.7 25.9 82 15.8 0.12 0

31 36.3 25 84 20.4 0.06 0

32 35.2 25.1 95 28.4 0.04 0

33 35.4 25.6 81 10.2 0.53 0.02

34 35.1 25.3 85 12.4 0.41 0.04

35 33.8 24.2 89 132.6 0.0 0.0

36 35 25 84 0.0 1.23 0.09

37 35.2 25.7 86 0.4 2.41 0.16

38 34 25.2 86 18.8 0.14 0

Seasonal incidence of leaf webber on amaranthus
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leaves. To assess the leaf caterpillar, S. litura the number 
of larvae present on the leaves of the plant was recorded. 
All the observed data was pooled together, averaged and 
expressed as the number of larvae per plant. The incidence 
of the above pests was plotted in Randomized Block 
Design (RBD). The weather information was collected 
from the Meteorological Observation Unit, Annamalai 
University, Annamalainagar. The relationship between 
the pests and weather factors was estimated by Pearson 
correlation coef昀椀cient, and regression using IBM SPSS 
(IBM SPSS, 2022). 

RESULTS AND DISCUSSION

The level of pest incidence may not be similar 
throughout the year. It varies from season to season in 
many crops (Manikandan et al., 2021; Selvam et al.,2022). 
The prevailing weather factors of the season would be 
the major reason behind the difference in the seasonal 
incidence of the pest. One to a few or more weather 
parameters may affect the pest population by directly 
affecting its life cycle or by changing the constituents in 
the crop plants. This research investigated the seasonal 
incidence of amaranthus leaf webber Spoladea recurvalis 

and Spodoptera litura on amaranthus and the role of 
weather parameters on their incidence. 

The result of the observations recorded during the 
rabi  2017  showed that the incidence of leaf webber 
occurred throughout the season,from the 昀椀rst week 
of observation (1stSMW) but a considerable larval 
population was recorded from the 05th SMW to the 10th 
SMW with the range of 1.22 to 2.31larvae/ plant. A 
sudden reduction in larval incidence was observed in the 
2nd, 3rd and 11th SMW which received rainfall of 54.2, 
73.6 and 13.00 mm respectively.A similar trend was 
observed in the incidence of leaf webber during  rabi  
2018 with the larval population ranging from 0.00 to 3.22 
larvae/ plant and considerable larval incidence recorded 
throughout the season(Table 1). During Kharif 2017 
leaf webber incidence was observed almost throughout 
the season, but considerable incidence was observed on 
three observation days. Incidence ranges between 0.00 
to 1.24 larvae per plant. A similar trend was observed in 
Kharif 2018 with the population ranging between 0.00 
to 2.41 larvae per plant (Table 2). In overall observation 
incidence of S. recurvalis occurs in both seasons. These 
昀椀ndings are supported by Othim et al. (2018a) who also 
reported the incidence of amaranthus leaf webber in both 
seasons. Findings made conformity with the 昀椀ndings of 
Aderolu et al. (2013) that the presence of S. recurvalis in 
both the rabi and Kharif season in Nigeria. 

The correlation between the leaf webber incidence 
and weather parameters during the Rabi 2017 and 
2018 revealed that the relative humidity (0.341*) had a 
signi昀椀cant strong positive correlation, and maximum 
temperature (0.837**) whereas the rainfall (-0.595**) had 
a signi昀椀cant negative correlation. The non-signi昀椀cant 
negative correlation of the larval incidence was recorded 
with maximum temperature (-0.014NS) and minimum 
temperature (-0.062NS). All the weather parameters 
during Kharif 2017 and 2018 had a non-signi昀椀cant 
relationship with leaf webber incidence. Though the 
weather parameters had positive and negative correlation 
occurrence of leaf webber was noted throughout the year 
which might be due to the adaptivity of S. recurvalis 

towards different climate conditions (Aderolu et al., 

2013).

The infestation of leaf caterpillars was observed from 
the 1stand the incidence increased from the 5th SMW (0.15 
larvae/plant) and reached a peak during the 10th SMW 
(1.14 larvae/plant). The 昀氀uctuation in the incidence of 
leaf caterpillars, though the infestation was observed on 
twelve observation days a considerable level (above 1 
larvae/ plant) of incidence was observed only on two 
observation days. Similarly, Rabi 2018 data also showed 
the population 昀氀uctuation of leaf caterpillars, with a 
considerable level of incidence observed only on the 
06th, 7th, 8th, 10th and 17th SMW 1.1, 1.16, 1.01, 1.1 and 
1.0 larval/ plant respectively. The data on leaf caterpillar 
incidence during Kharif 2017 and 2018 revealed the 
lower incidence of leaf caterpillars on amaranthus. 
Compared to rabi the incidence was very low. The larval 
population ranges between 0.0 to 0.26 and 0.0 to 0.09 
per plant during Kharif 2017 and 2018 respectively. 
The result is supported by the 昀椀ndings of Maninkandan 
and Selvanarayanan (2020) who also reported a lower 
incidence of S. litura during the Kharif season. 

The overall observation of the incidence of S. 

recurvalis and S. litura revealed that the amaranthus leaf 
webber, S. recurvalis incidence was more and notably 
destructive on amaranthus compared to leaf caterpillar 
S. litura.  Othim et al. (2018b) studied the defoliators of 
amaranthus and reported that leaf webber, S. recurvalis 

was the major damage-causing pest than the S. litura.

The correlation between the leaf caterpillar incidence 
and weather parameters during the Rabi 2017 and 2018 
revealed that the relative humidity (0.197NS) had a non-
signi昀椀cant positive correlation whereas the rainfall 
(-0.363*) had a signi昀椀cant negative correlation. The non-
signi昀椀cant negative correlation of the larval incidence 
was recorded with maximum temperature (-0.150NS) 
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and minimum temperature (-0.304NS). All the weather 
parameters during Kharif 2017 and 2018 had a non-
signi昀椀cant relationship with leaf caterpillar incidence.

The relationship between the weather factors and 
major defoliators over the seasons revealed that leaf 
webber incidence had a strong negative correlation with 
rainfall (-0.445**) and minimum temperature (-0.286*) and 
had a non-signi昀椀cant negative correlation with minimum 
temperature (-0.238NS) whereas leaf webber non-
signi昀椀cantly positively correlated with relative humidity 
(-0.175NS). The leaf caterpillar had a signi昀椀cant negative 
correlation with maximum temperature(-0.346**), 
minimum temperature(-0.487**), and rainfall (-0.303*) 
whereas signi昀椀cantly positively correlated with relative 
humidity (0.348**). Aswal and Bisht (2017) also reported 
a negative relationship between rainfall and S. recurvalis 
and a positive relationship with relative humidity. 

Manikandan et al. (2021) studied the incidence of some 
lepidopteran pests of mango and revealed that leaf 
webber, shoot borer and leaf caterpillars had a negative 
correlation with rainfall, and maximum and minimum 
temperature whereas pests had a positive relationship 
with relative humidity. 

Regression analysis on the in昀氀uence of weather 
parameters viz., maximum temperature, minimum 
temperature, relative humidity and rainfall during Rabi 

on the leaf webber and leaf caterpillar viz., 23.5 per 
cent (R2=0.235), 30.8 per cent (R2=0.308). Altogether 
the in昀氀uence of weather parameters on leaf webber 
and leaf caterpillar during Kharif extent to 23.6 per 
cent (R2=0.236) and 23.5 per cent (R2=0.235). The 
regression equation developed for the major defoliators 
of amaranthus leaf webber and leaf caterpillar with 
relevant to the weather parameters for the Rabi and 

Table 3. Correlation of major defoliators of amaranthus concerning weather parameters 

Weather parameters Coef昀椀cient of correlation (r) for pest population with parameters in the season

Rabi Kharif Over all seasons

S. recurvalis S. litura S. recurvalis S. litura S. recurvalis S. litura

Maximum Temperature -0.014NS -0.150NS 0.060NS 0.321NS -0.238NS -0.346**

Minimum Temperature -0.062NS -0.304NS 0.252NS 0.392NS -0.286* -0.487**

Relative Humidity 0.341* 0.197NS -0.239NS -0.344NS 0.175NS 0.348**

Rainfall -0.595** -0.363* -0.118NS 0.043NS -0.445** -0.303*

* -Signi昀椀cant at 0.05%, ** -Signi昀椀cant at 0.01% level of probability, NS- Non Signi昀椀cant

Table 4. Stepwise linear regression of major defoliators of amaranthus and weather parameters

Pest Regression model Regression coef昀椀cient (R2)

Rabi

S. recurvalis (Y1) -2.01-0.08x
1
+0.080+0.05 x

3 
-0.02x

4
0.235

S. litura(Y2) -6.69+0.06x
1
-0.05 x

2
- 0.07x

3 
-0.01x

4
0.308

Kharif

S. recurvalis (Y1) 0.789-0.03x
1
+0.02 x

2
+0.01x

3 
-0.01x

4
0.236

S. litura(Y2) -0.10+0.01x
1
+0.01 x

2
-0.004x

3 
-0.001x

4
0.235

Over the seasons

S. recurvalis (Y1) 0.284 -0.08x
1
+0.01 x

2
+0.04x

3 
-0.02x

4
0.317

S. litura(Y2) -1.04+0.02x
1
-0.06 x

2
+0.03x

3 
-0.004x

4
0.358

x
1= Maximum Temperature, 

x
2= Minimum Temperature, 

x
3= Relative Humidity, 

x
4= Rainfall

Seasonal incidence of leaf webber on amaranthus
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Kharif seasons (Table 4). These results revealed the 
less per cent in昀氀uence of weather parameters on the 
incidence of S. recurvalis and S. litura. These 昀椀ndings 
were supported by Othim et al. (2018a and 2018b) and 
Aderolu et al. (2013) who reported the less in昀氀uence of 
climatic factors on the incidence of S. recurvalis and S. 

lituraon amaranthus. 
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 
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ABSTRACT: Five pollen substitutes were evaluated during 2022 for their effect on brood development of Apis cerana 

himalaya at Central Agricultural University, Imphal, Manipur, India. Six 昀氀ours viz., green gram 昀氀our, soybean 昀氀our, 
wheat 昀氀our, rice bean 昀氀our, black gram 昀氀our and maize 昀氀our were chosen as main substrates of pollen substitutes. Five 
different treatments were prepared by mixing the 昀氀ours with yeast and either honey solution or sugar solution. These 
diets were fed to A. cerana himalaya colonies in the form of patties on top bars during dearth period (June to August). 
Brood area development was observed the most in the colonies given T

3 
(Rice bean 昀氀our (30%) + Yeast (30%) + Honey 

(40%)) with 777.66 cm2 of brood area. The colonies given with T
5
 (Maize 昀氀our (50%) + Yeast (20%) +Sugar (30%)) 

showed 649.13 cm2 brood area followed by T
4
(Black gram 昀氀our (50%) +Yeast (20%) +Honey (30%)) with 553.60 cm2, 

T
2
(Soybean 昀氀our (30%) + Wheat 昀氀our (30%) + Yeast (10%) + Sugar (30%)) showed 427.40 cm2 and T

1
 (Green gram 

昀氀our (50%) + Yeast (20%) + Honey (30%)) showed 384.13 cm2 of brood area. T
6
 was control i.e., the colonies were 

only given with sugar solution which showed the least brood area as 333.93 cm2. All the diet was found to be better as 
compared to control.

Keywords: Apis cerana himalaya, pollen substitute, brood, rice bean 昀氀our, maize 昀氀our, green gram 昀氀our, black gram 
昀氀our, soybean 昀氀our, wheat 昀氀our

INTRODUCTION

Apiculture involves the controlled management of 
diverse honey bee species within arti昀椀cial hives. Honey 
bees valuable not only for producing honey, beeswax, 
pollen, and propolis, but also for their exceptional ability 
to effect cross pollination in several crops of economic 
importance. Apiculture being closely associated with 
agriculture, plays a vital role in sustaining ecosystems. 
In beekeeping colony maintenance during dearth 
pesriods when adequate 昀氀oral resources are not available 
is challenging. Scarce food resources exacerbate the 
decline in colony vigour. The only nutrition on which the 
honey bees depend are pollen and nectar from the 昀氀owers 
of different plants. Nectar is a carbohydrate source, 
while pollen supplies the bees with the proteins, lipids, 
vitamins, and minerals needed to rear larvae (DeGroot, 
1953; Manning, 2001).  The abundant availability of 
food source can be seen in honey 昀氀ow season, whereas 
during dearth period there is a scarcity of food source 
which effect the strength of the colony.

To avoid this situation efforts should be made 
to formulate highly nutritional and palatable pollen 
substitutes for the colonies to overcome unfavourable 
conditions so as to strengthen the beekeeping. The 
necessity to formulate arti昀椀cial diets for the honey bees 
has been undertaken by many researchers (De-Grandi et 

al. 2008; Saffari et al. 2010a, b; Sihag and Gupta, 2011; 
Morias et al. 2013; Gemeda, 2014; Kumar and Agrawal, 
2014; Pande et al. 2015; Shehata, 2016; Abd el-Wahab 
et al. 2016).

Apis cerana himalaya, a subspecies of the Asian 
honeybee, is found in the northeastern region of India 
and plays a crucial role in the ecosystem. This subspecies 
exhibits unique adaptations to the local climate and is 
well-suited for beekeeping in the region (Thakur et al. 
2012). Limited studies have been conducted on Apis 

cerana himalaya in comparison to other honeybee 
species. To fully understand its ecology, behaviour, and 
potential for sustainable development in the northeastern 
hill region of India, more research is necessary.

The current research work was to compare the 
ef昀椀cacies of 昀椀ve different diets along with control for the 
brood development of A. cerana himalya colonies.

MATERIALS AND METHODS

Studies were conducted with the colonies of A. cerana 

himalaya during June to September,2022, considered 
a dearth period in Manipur. The Apiary maintained by 
Department of Entomology, College of Agriculture, 
Central Agricultural University, Imphal, Manipur. The 
experiment consisted of 昀椀ve treatments (diets), each 
with three replications, along with a control. Each diet 
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(Fig.3) weighing about 10 g was prepared freshly and 
provided to bee colonies at three days interval. The diets 
were given on the top bar of hive for consumption. The 
initial observation was conducted 14 days after the 昀椀rst 
feeding. Subsequently, at each 14-day interval, a new 
comb was selected for measuring various parameters. A 
measuring frame, consisting of a wire grid with squares 

of 1 cm (Fig.2), was used for these measurements. The 
parameters recorded were: Sealed brood, Unsealed 
brood, Eggs laid area, Total Brood area and Pollen 
store.The collected data were tabulated and subjected 
to statistical analysis (ANOVA) following Completely 
Randomized Design (CRD).

Fig.1. Top bar feeding Fig. 2. Measuring frame Fig. 3. Pollen Substitutes (Diets)

RESULTS AND DISCUSSION

The results revealed that feeding pollen substitutes to 
the bee colonies increased the brood area much faster  
compared to the control colonies which was only given 
with sugar solution (2:1).

Effect of diet formulation on sealed brood area

The effect of various diet formulations on sealed 
brood area is shown in table 1 Maximum sealed brood 
area (336.60 cm2) was recorded in the colonies fed with 
T

3
 (Green gram 昀氀our (50%) + Yeast (20%) + Honey 

(30%)), followed by 223.30 cm2 when colonies with fed 
with T

5
 (Maize 昀氀our (50%) + Yeast (20%) +Sugar (30%)). 

Other treatments i.e., T
1
, T

2
, and T

4
 also shows increase 

in the sealed brood area as 127.33 cm2, 135.00 cm2 and 
203.33 cm2, respectively. The least development (116.73 
cm2) was seen in the colonies taken as control which was 
only given with sugar solution of ratio 2:1. The above 
昀椀ndings on sealed brood area can be compared with the 
work of Kumari and Kumar (2020) who reported that 
the colonies treated with pollen substitute containing 
Defatted Soy 昀氀our and Parched Gram shows 1938.3 cm2 
sealed brood in Apis mellifera.

Effect of diet formulation on Unsealed brood area

The data given in table 2 on effect of feeding diet 
formulations on Unsealed brood revealed that maximum 
of unsealed brood was 219.25 cm2 when the colonies 
were fed with T

3
 followed by 207.75 cm2 when the 

colonies were given with T
5
. The colonies showed 

increase in unsealed brood area from 昀椀rst feeding to the 

last feed. The colonies also showed increase in unsealed 
brood area when given with T

1
, T

2
 and T

4
, respectively. 

The data can be compared with the 昀椀nding of Kumar and 
Agrawal (2014), who reported a maximum unsealed area 
of 65% when given with diet containing soy 昀氀our. Pandey 
(2008) also studied the effect of various diets on unsealed 
broods and reported maximum area under unsealed brood 
was found to be 21.67% in treatment containing Mandua 
+ honey + Yeast extract + Multivitamins + Pollen pellets.

Effect of diet formulation on egg area

The colonies fed with T
3
 showed more area (221.26 

cm2) where eggs are laid followed by the colonies fed 
with T

5
 showed 214.53 cm2. The mean observation 

recorded for T
1
, T

2
 and T

4
 were 133.33 cm2, 140.53 cm2 

and 148.53 cm2, respectively. Colonies provided with 
only sugar solution showed less result. However, all the 
colonies which were given with pollen substitute showed 
good result as compared to the control colonies. The data 
can be compared with the 昀椀nding of Kumar and Agrawal 
(2014), who reported maximum egg laying as 76% when 
given with a diet containing soy 昀氀our.

Effect of diet formulation on total brood area

Total brood was calculated by adding sealed 
brood, unsealed brood and egg area of all the colonies. 
Maximum brood area was recorded as 777.66 cm2 
when the colonies were given with 

T3
 containing Rice 

bean 昀氀our whereas least brood area (333.93 cm2) was 
recorded in control colonies. All other treatments 
showed signi昀椀cant increase in brood area as compared to 
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the control colonies. When the colonies were treatment 
with T

5 
it showed 649.13 cm2 brood area. T

2
 and T

1
 

showed 427.40 cm2 and 384.13 cm2 of brood area. The 
present study is comparable with the 昀椀ndings of Kumar 
et al. (2013), who reported that diet 3 (defatted soy four, 
brewer’s yeast and soy protein hydrolysate powder) 

proved to be most effective with 2155.3 cm2 brood area, 
5.8 total bee covered frames and 11509 bee population. 
A similar study was again conducted by Kumar et al. 

(2013), who reported that the maximum (peak) amount 
of sealed brood area was observed in the colonies given 
diet 3 (723.4 cm2 per colony).

Table 1. Effect of diet formulation on sealed brood area (cm2)

Diet Treatment DATE Mean

14 June 28 June 12 July 26 July 9 Sep

T
1

Green gram 昀氀our (50%) + Yeast 
(20%) + Honey (30%)

103.33 112.00 134.33 141.33 148.33 127.33

T
2

Soybean 昀氀our (30%) + Wheat 
昀氀our (30%) + Yeast (10%) + 
Sugar (30%)

108.33 122.33 140.00 152.33 163.33 135.00

T
3

Rice bean 昀氀our (30%) + Yeast 
(30%) + Honey (40%)

311.00 327.00 345.00 346.66 352.66 336.60

T
4

Black gram 昀氀our (50%) +Yeast 
(20%) +Honey (30%)

128.00 184.33 223.33 236.00 244.33 203.33

T
5

Maize 昀氀our (50%) + Yeast 
(20%) +Sugar (30%)

185.00 208.00 229.00 242.33 251.33 223.3

T
6

Sugar solution (2:1) 46.66 109.33 131.00 137.66 146.00 116.73

SE(m) 2.47 2.12 2.45 2.17 2.50 0.79

CD 
(0.05)

7.70 6.61 7.62 6.75 7.79 2.47

Table 2. Effect of diet formulation on Unsealed brood area(cm2)

Diet Treatment Day after treatment Mean

14 June 28 June 12 July 26 July 9 sep

T
1

Green gram 昀氀our (50%) + Yeast 
(20%) + Honey (30%)

75.33 111.33 121.66 143.66 164 119.62

T
2

Soybean 昀氀our (30%) + Wheat 
昀氀our (30%) + Yeast (10%) + 
Sugar (30%)

117.33 132.00 152.00 164.66 187 150.83

T
3

Rice bean 昀氀our (30%) + Yeast 
(30%) + Honey (40%)

187.33 192.00 208.00 245.33 266.33 219.25

T
4

Black gram 昀氀our (50%) +Yeast 
(20%) +Honey (30%)

160.33 182.00 195.00 225.33 246 203.73

T
5

Maize 昀氀our (50%) + Yeast (20%) 
+Sugar (30%)

179.00 187.33 202.00 231.33 257.33 207.75

T
6

Sugar solution (2:1) 47.33 96.66 119.33 129.33 136 109.60

SE(m) 1.55 1.73 1.92 2.05 2.43 2.01

CD 
(0.05)

4.85 5.39 5.99 6.40 7.58 6.28

Pollen substitutes to sustain brood development of Apis cerana himalaya
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Table 3. Effect of diet formulation on Egg-laid area(cm2)

Diet Treatment Day after Treatment Mean

14 

June

28 

June

12 July 26 July 9 Sep

T
1

Green gram 昀氀our (50%) + Yeast 
(20%) + Honey (30%)

288.66 356.00 392.00 423.00 461.00 384.13

T
2

Soybean 昀氀our (30%) + Wheat 
昀氀our (30%) + Yeast (10%) + 
Sugar (30%)

338.00 386.00 438.66 469.00 505.33 427.40

T
3

Rice bean 昀氀our (30%) + Yeast 
(30%) + Honey (40%)

698.66 729.33 767.00 825.66 867.66 777.66

T
4

Black gram 昀氀our (50%) +Yeast 
(20%) +Honey (30%)

402.33 510.33 567.66 627.66 660.00 553.6

T
5

Maize 昀氀our (50%) + Yeast 
(20%) +Sugar (30%)

562.00 595.33 634.66 700.33 753.33 649.13

T
6

Sugar solution (2:1) 192.00 322.33 362.00 385.66 407.66 333.93

SE(m) 5.44 5.26 3.44 6.42 7.57 4.77

CD 
(0.05)

16.95 16.40 10.71 20.00 23.60 14.86

Table 4. Effect of diet formulation on Total Brood area(cm2)

Diet Treatment Day after treatment Mean

14 June 28 June 12 July 26 July 9 Sep

T
1

Green gram 昀氀our (50%) + Yeast 
(20%) + Honey (30%)

110.00 134.00 136.00 138.00 148.66 133.33

T
2

Soybean 昀氀our (30%) + Wheat 
昀氀our (30%) + Yeast (10%) + 
Sugar (30%)

112.33 136.66 146.66 152.00 155.00 140.53

T
3

Rice bean 昀氀our (30%) + Yeast 
(30%) + Honey (40%)

199.66 210.33 214.00 233.66 248.66 221.26

T
4

Black gram 昀氀our (50%) +Yeast 
(20%) +Honey (30%)

113.33 144.00 149.33 166.33 169.66 148.53

T
5

Maize 昀氀our (50%) + Yeast 
(20%) +Sugar (30%)

197.66 200.00 203.66 226.66 244.66 214.53

T
6

Sugar solution (2:1) 98.00 110.00 11.66 118.66 125.66 112.8

SE(m) 4.23 3.07 3.26 2.96 2.92 3.14

CD 
(0.05)

13.20 9.56 10.18 9.24 9.10 9.81
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Table	5.	E昀昀ect	of	diet	formulation	on	Pollen	store	area	(cm

DIET TREATMENT DATE

T Green gram 昀氀our (50%) + Yeast 
(20%) + Honey (30%)

T Soybean 昀氀our (30%) + Wheat 
昀氀our (30%) + Yeast (10%) + 
Sugar (30%)

T Rice bean 昀氀our (30%) + Yeast 
(30%) + Honey (40%)

T Black gram 昀氀our (50%) +Yeast 
(20%) +Honey (30%)

T Maize 昀氀our (50%) + Yeast 
(20%) +Sugar (30%)

T Sugar solution (2:1)

SE(m)

(0.05)

E昀昀ect	of	diet	formulation	on	pollen	store	area

which get scarce during dearth period. The area under 

Table 6 and 昀椀g 6 revealed that though the pollen store area 

area was seen in T
of area under T . Among the other treatments T

, T  and T

from colonies taken as control. The present data, which 

the work of Vijayakumari et al (2021), who reported 
that the colonies fed with T
powder (30%) + Skimmed milk powder (25%) + Honey 
(34%) + Brewer’s yeast (10%) + multivitamin (1%) had 
the greatest pollen storage (68.62 cm ), followed by 
T – Bee pollen (65%) + Honey (34%) + multivitamin 
(1%) of about (61.62 cm ). The other pollen substitute 
had a smaller pollen storage than T  and T . The control 

Fig. 4. Diagrammatic representation of brood area (cm2)  

Table 5. Effect of diet formulation on Pollen store area (cm2)

DIET TREATMENT DATE MEAN

14 JUN 28 JUN 12 JUL 26 JUL 9 SEP

T
1

Green gram 昀氀our (50%) + Yeast 
(20%) + Honey (30%)

19.50 22.00 25.00 29.00 33.00 25.70

T
2

Soybean 昀氀our (30%) + Wheat 
昀氀our (30%) + Yeast (10%) + 
Sugar (30%)

20.66 23.00 26.00 31.00 34.00 26.66

T
3

Rice bean 昀氀our (30%) + Yeast 
(30%) + Honey (40%)

26.33 27.00 31.66 37.00 40.00 32.40

T
4

Black gram 昀氀our (50%) +Yeast 
(20%) +Honey (30%)

22.00 24.00 28.67 31.33 36.00 28.73

T
5

Maize 昀氀our (50%) + Yeast 
(20%) +Sugar (30%)

23.66 24.66 29.67 34.00 38.00 30.00

T
6

Sugar solution (2:1) 17.66 20.00 24.00 28.00 29.00 23.73

SE(m) 0.69 0.64 0.75 0.64 0.58 0.68

CD 
(0.05)

2.22 1.97 2.30 1.97 1.78 2.08

Effect of diet formulation on pollen store area

Pollen is the main source of protein to honey bees, 
which get scarce during dearth period. The area under 
pollen store was measured for each colony to analysis 
the best treatment showing pollen store. Data collected in 
Table 6 and 昀椀g 6 revealed that though the pollen store area 
was less compared to other above parameters maximum 
area was seen in T

3
 i.e., 32.40 cm2 followed by 30.00 cm2 

of area under T
5
. Among the other treatments T

4
 showed 

28.75 cm2, T
2
 showed 26.66 cm2 and T

1
 showed 25.70 

cm2. Only 23.73 cm2 area of honey store was measured 

from colonies taken as control. The present data, which 
shows that all the pollen substitutes had pollen storage 
when compared with the control, is in accordance with 
the work of Vijayakumari et al. (2021), who reported 
that the colonies fed with T

4
 – Roasted Bengal gram 

powder (30%) + Skimmed milk powder (25%) + Honey 
(34%) + Brewer’s yeast (10%) + multivitamin (1%) had 
the greatest pollen storage (68.62 cm2), followed by 
T

1 
– Bee pollen (65%) + Honey (34%) + multivitamin 

(1%) of about (61.62 cm2). The other pollen substitute 
had a smaller pollen storage than T

4
 and T

1
. The control 

colonies were observed to have the least amount of 

Pollen substitutes to sustain brood development of Apis cerana himalaya
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pollen storage area compared to the other treatments 
(44.62cm2).

Based on 昀椀ndings, it can be concluded that Diet 
containing Rice bean 昀氀our shows best result to increase 
the brood rearing activity during the dearth period. Our 
research shows that providing suf昀椀cient nutrition can 
sustain bee colonies and encourage brood rearing, even 
during unfavorable conditions when rearing rates are at 
their lowest.
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 
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ABSTRACT: The jasmine bud borer, Hendecasis duplifascialis and jasmine leaf webworm, Nausinoe geometralis, 

were identi昀椀ed as the major lepidopteran pest of Jasminum sambac in Kerala. Detailed studies on their biology revealed 
that H. duplifascialis has an egg period of 3.35 ± 0.11 days, a larval period of 11.15 ± 0.08 days, and a pupal period of 
5.25 ± 0.10 days. The female moths of this species exhibit a longevity of 5.8 ± 0.10 days, while the male moths live for 
3.9 ± 0.15 days. The egg, larval, and pupal period of N. geometralis was 3.35 + 0.11, 10.65 + 0.20, and 6.65 + 0.11 days, 
respectively. The adults recorded longevity of 6.7 + 0.15 and 4.8 + 0.13 days, respectively, for female and male moths.

Keywords: Hendecasis duplifascialis, nausinoe geometralis, bud borer, leaf webworm, jasmine.

INTRODUCTION

Jasmine, known as the queen of fragrance, is 
extensively cultivated in India. The genus Jasminum 
comprises over 200 species, many of which are 
synonyms, with only ninety-two being genuinely 
recognized (Menninger, 1970; Abdulkhader and Kumar, 
1995). The commercially signi昀椀cant Jasminum species 
in India is Jasminum sambac (L.) cultivated over 12,250 
hectares, yielding 65,230 tonnes loose and 1,700 tonnes 
cut 昀氀owers (Pirithiraj, 2020). Jasmine cultivation is 
affected by approximately 50 distinctive insect species 
of eight insect orders (Harini et al., 2018). These crops 
face threats from insects, mites, diseases, and nematodes. 
Major pests include the jasmine budworm (Hendecasis 

duplifascialis Hampson), galleryworm (Elasmopalpus 

jasminophagus Hampson), leaf webworm (Nausinea 

geometralis Guenee), leaf roller (Glyphodes unionalis 

Hubner), blossom midge (Contarinia maculipennis 
Felt), and red spider mite (Tetranychus urticae Koch) 
(David, 1958). 

Despite Kerala’s favorable climate and soil conditions, 
the potential for cultivating jasmine commercially 
remains largely untapped. In Kerala, J. sambac is 
primarily grown as an ornamental plant in homesteads 
(KAU, 2016). However, recognizing the substantial 
potential of jasmine as a commercial crop, entrepreneurs 
and self-help groups are gradually beginning to explore 
its commercial cultivation (Swathy, 2022). As an 
emerging crop in commercial agriculture, it is crucial to 
have basic knowledge of jasmine pests and their biology 
to implement effective control measures under the 
prevailing climatic conditions of Kerala. However, the 
number of studies focusing on the pests and diseases of 

jasmine from Kerala is lower. In this context, the current 
study focuses on identifying major lepidopteran pests of 
J. sambac in Kerala and their biology.

MATERIALS AND METHODS

The samples of lepidopteran pests of jasmine 
were collected from three locations in  districts, viz., 

Thiruvananthapuram, Kollam, and Alappuzha of Kerala, 
for documentation, and their percentage incidence was 
calculated from 20 randomly selected jasmine plants 
from each di.

Biology of major lepidopteran pests

The study on the biology of major lepidopteran pests 
identi昀椀ed during documentation was conducted at the 
Department of Agricultural Entomology, Vellayani. 

The initial culture of larvae of jasmine budworm, 
Hendecasis duplifascialis and jasmine leaf webworm, 
Nausinoe geometralis (Guenee) was collected from the 
昀椀eld.  The larva was kept in rearing bottles with young 
tender leaves and buds. Emerged adults were transferred 
to separate rearing containers @ 1: 1 (male: female).

Two pairs of adults were released into each rearing 
bottle with tender shoots of jasmine and shoots 
bearing buds for N. geometralis and H. duplifascialis, 
respectively. The base of the shoot was secured with 
moist cotton to prevent drying. The container was closed 
using muslin cloth and undisturbed for mating and 
oviposition. A cotton ball dipped in diluted honey (5%) 
was provided as food (Gajera et al., 2012).  The moths 
were observed at every 2 to 3h. Forty-eight hours after 
mating, the leaves and buds were observed for the eggs 
of the leaf webworm and the budworm, respectively. 
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The eggs were collected using a moist brush and kept 
for larval emergence.  The egg, larval, pupal period, and 
adult longevity were recorded during the experiment. 
Observations were taken from twenty pairs.

RESULTS AND DISCUSSION

Percentage incidence

The lepidopteran pests, jasmine budworm, 
Hendecasis duplifascialis Hampson), jasmine leaf 
webworm, Nausinoe geometralis (Guenee), Nausinoe 

perspectata (Fabricius), shoot webworm, Margaronia 

unionalis Hubner), jasmine gallery worm, Elasmopalpus 

jasminophagus (Hampson) were documented from 
Thiruvananthapuram, Kollam, and Alappuzha districts 
of Kerala from twenty different locations in each district. 
From the Table.1 it is evident that the major lepidopteran 
pests infesting jasmine in Kerala are jasmine budworm 
and leaf webworm.  Even though the infestation of shoot 
webworm and jasmine gallery worm was documented, 
their percentage of incidence was scarce.  

Table 1. Percentage incidence of major lepidopteran pests in Jasminum sambac from Thiruvananthapuram, 

Kollam, and Alappuzha districts of Kerala.

Scienti昀椀c name
*Percentage incidence

Average
Thiruvananthapuram Kollam Alappuzha

H. duplifascialis 90 100 90 93.33

N. geometralis 60 10 45 38.33

M. unionalis 5 5 0 3.33

E. jasminophagus 10 0 0 3.33

Table 2. Biology of jasmine borers

Parameters

Hendecasis duplifascialis Nausinoe geometralis

No. of days
Mean + SE

No. of days Mean+ SE

Minimum Maximum Minimum Maximum

Egg period 3 4 3.35 + 0.11 3 4 3.35 + 0.11

Larval period 11 12 11.15 + 0.08 9 12 10.65 + 0.20

Pupal period 5 6 5.25 + 0.10 6 7 6.65 + 0.11

Adult longevity

Male 3 4 3.9 + 0.10 4 5 4.8 + 0.13

Female 5 6 5.8 + 0.13 6 7 6.7 + 0.15

Total lifecycle

Male 23 24 23.7 + 0.11 24 26 25.2 + 0.09

Female 24 27 25.56 + 0.20 26 29 27.6 + 0.09

Biology of major lepidopteran pests

The major lepidopteran pests identi昀椀ed during the 
initial documentation were later studied to get better 
insights into the biology of the pest. This was conducted 
at the laboratory of the College of Agriculture, Vellayani. 
The result of the study is represented as the duration of 
different stages of the budworm and leaf webworm in 
Table 2. 

Jasmine bud borer, Hendecasis duplifascialis Hubner 

(Lepidoptera: Crambidae)

The life cycle of H. duplifascialis is depicted in Fig. 
1.The egg of H. duplifascialis was round, creamy white, 
and eggs laid on 昀氀ower stems and closed buds. The egg 
period was 3.35+ 0.11 days, whereas the larval period 
extended to 11.15+0.08 days with 昀椀ve instars. The 
昀椀rst two instars were creamy white with a dark brown 
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head and prothoracic shield. The third instar resembled 
the initial instars but differed in their size. The fourth 
and 昀椀fth instar larvae were yellowish green and green, 
respectively. 

In the pre-pupal stage, the larva stopped feeding and 
crawled to the lower part of the container for pupation.  
The pupa was dark brown and oblong, with a pupal period 

of 5.25 +0.10 days. The adults were small, creamy white 
with well-developed scaly proboscis and wavy wing and 
abdomen markings. The longevity of female and male 
moths was 5.8 + 0.13 and 3.9 + 0.15 days, respectively. 
The total lifecycle (egg to death of adult) was longer for 
females, with 25.56+ 0.20 days, whereas the males had 
23.7+ 0.20 days.
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Fig.1. Life cycle of jasmine budworm Hendecasis duplifascialis: A: Egg; B: 1st insatr; C: 2nd instar; D: 3rd instar; E: 

4th instar; F: 5th instar; G: Pupal stage; H: Female moth; I: Male moth 

Similar 昀椀ndings were observed in the studies 
conducted by Chaitanya and Kumar (2018) on the 
biology of budworm H. duplifascialis. They found that 
the incubation period, total larval, and pupal period 
were 3.40 ± 0.23, 11.60 ± 1.30, and 5.80 ± 0.19 days, 
respectively. The longevity of male and female moths 
was 3.10 ± 0.23 and 4.10 ± 0.31 days, respectively. 
Atwal and Dhaliwal (2002) studied the biology of 
jasmine budworm. They reported that their egg, larval, 
and pupal periods lasted for 3 to 5 days, 11 to 17 days, 
and 6 to 8 days, respectively, with an adult longevity of 
2 to 3 days. Thus, the total lifecycle was recorded as 20 
to 23 days. Muthukrishnan et al. (2005) described the 
larvae of budworms as green with prominent dark brown 
or black colored heads, and adults were small moths with 
white and black wavy margins on the hind wings, similar 
to our 昀椀ndings. 

Jasmine Leaf Webworm Nausinoe geometralis (Gunee) 

(Lepidoptera: Crambidae)

The life cycle of N. geometralis is depicted in the 

Fig. 2. The egg was laid singly or in small groups on 
the under surface of the leaf lamina.  The freshly laid 
egg was small, oblong, and translucent, which turned to 
greenish yellow in later stages.  The egg period lasted 
for 3.35 + 0.11 days. The neonate larva was yellowish-
white with a reddish-yellow head.  The head was less 
broad than the body. They were found in groups on the 
lower surface of webbed leaves.  The second and third 
instar had small hairs on their yellowish-green body with 
black dots on the lateral sides. The brown head capsule 
and body hairs were more prominent and visible in the 
third instar larva.  The fourth instar larva was green with 
dark brown or black head capsule. The black dots on 
the prothorax were more prominent, with two triangular 
markings, whereas the black spots on the dorsal lateral 
line faded towards the abdomen. The fully grown 昀椀fth 
instar larva had four rows of black spots on the thoracic 
region. The larval period was 10.65 + 0.20 days with 昀椀ve 
instars.
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Fig.2. Life cycle of jasmine leaf webworm Nausinoegeometralis: A: Egg; B: 1st instar; C: 2nd instar; D: 3rd instar; E: 

4th instar; F: 5th instar; G: prepupal stage; H: Pupal stage; I: Female moth; J: Male moth; K: Mating. 

In the pupal stage, the larva stopped feeding. In later 
stages, the size of the larva was gradually reduced and 
sluggish, and their color changed to a yellowish-green 
color. The larva pupated within the web on a silken thread. 
The pupa was green, spindle-shaped, with tapering ends. 
However, the color gradually turned brown in later 
stages. The pupal period was 6.65 + 0.11 days.

The newly emerged adult moth was medium-sized 
with a pale brown body tapered towards the anal region.  
The wings were brown with irregular white spots and 
small wavy margins.  The abdomen was brown with 
white markings. The female moth was slightly larger 
than the male moth.  The longevity of female and male 
moths was 6.7 + 0.15, 4.8 + 0.13 days, respectively. The 
total life cycle (egg to death of adult) was longer for 
females, with 27.6 + 0.09 days, whereas the males had 
25.2+ 0.09 days.

Fewer studies regarding the biology of leaf webworms 
than jasmine budworms. Gajera et al. (2012) reported the 
average larval period and pupal period of N. geometralis 

as 9.98 + 0.84 days and 7.84 + 0.37 days, respectively, 
concurrent with our 昀椀ndings. The total lifecycle was 
reported to be complete in 26.62 + 2.57 days and 28.90 + 
2.11 days for males and females, respectively, similar to 
the current 昀椀ndings.
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 
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ABSTRACT: Phthorimaea absoluta (Meyrick) has become a serious threat to global tomato production. Management 
of an invasive pest mainly relies on insecticides because of immediate effect. In this study, susceptibility of second 
instar larvae of P. absoluta collected from different locations of south India to seven insecticides belonging to different 
chemical groups was evaluated to determine the lethal concentration (LC) values. Leaf dip bioassay method revealed 
that the LC

50
 values in P. absoluta varied to different tested insecticides among different populations collected from south 

India. The median lethal concentrations of all the insecticides against P. absoluta ranged from 1.4 to 106.0 ppm. Among 
tested insecticides, chlorantraniliprole showed more toxicity to second instar larvae of P. absoluta which recorded 
lowest LC

50
 values, followed by cyantraniliprole, spinosad, indoxacarb, 昀氀ubendiamide and the least susceptibility of P. 

absoluta larvae were recorded to neonicotinoids (acetamiprid and imidacloprid). Regarding resistance ratio, maximum 
of 7.8-fold resistance to acetamiprid was recorded when compared to remaining six insecticides.

Keywords: Phthorimaea absoluta, median lethal concentration, chlorantraniliprole, cyantraniliprole, spinosad, 
indoxacarb, 昀氀ubendiamide, acetamiprid, imidacloprid

INTRODUCTION 

Insect pest invasions have been rapidly increasing 
worldwide and with increased movement of people and 
goods from one country to another, there are high chances 
for increased numbers of invasive species conquering 
many regions (Pimentel et al., 2001). These invasive 
agricultural pest species are widely recognized as a major 
threat to agro-ecosystems and agricultural production. 
One such invasive species that have been wreaking 
havoc to tomato crop worldwide is tomato leaf miner, 
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) 
which is also commonly called as tomato borer or tomato 
pinworm (Campos et al., 2014a). T. absoluta native to 
South America and was 昀椀rst described in Peru in 1917 
as Phthorimaea absoluta (Meyrick, 1917) (Desneux et 

al., 2010). This has other synonyms: Scrobipalpuloides 

absoluta (Povolny, 1987), Scrobipalpula absoluta 
(Povolny, 1964) and (EPPO 2005). Tuta absoluta again 
was renamed as Phthorimaea absoluta based on cladistic 
analysis of morphology (Chang and Metz, 2021)

Phthorimaea absoluta has become a serious threat 
to global tomato production. In India, incidence of this 
pest was 昀椀rst recorded at Indian Institute of Horticultural 
Research (IIHR), Hesaraghatta, Bengaluru (Sridhar 
et al., 2014) Maharashtra (Shashank et al., 2015) and 
Malnad region of Karnataka (Kalleshwaraswamy et. al., 

2015). Its invasion to India has led to major economic 
impact on tomato production as its infestation starts from 
nursery stage of the crop itself and when the infestation 
pressure is high, besides attacking vegetative stage of 
the crop, infestation is observed both on developing and 
mature fruits. Due to its distinctive feeding behavior 
(larvae mine in the leaf mesophyll forming irregular, 
transparent mines) makes it a challenging insect pest to 
manage (Kandil et al., 2020).

While managing invasive pests, insecticides are 
often the 昀椀rst choice. Though, insecticides are one of the 
important components in IPM program, indiscriminate 
and continuous use of same insecticides could lead 
to development of resistance in insect pests and may 
also become harmful to the natural enemies of insect 
pest.  Hence, there is a need to generate information on 
resistance levels of an invasive pest, P. absoluta over a 
broad geographical range of population, which provides 
information regarding natural variation in identifying 
those insecticides where resistance is more likely to 
develop (Kumar et al., 2020).and also will be helpful in 
developing Insecticide Resistance Management (IRM) 
strategies. Therefore, the present study was carried 
out to know the level of resistance to commonly used 
insecticides viz., chlorantraniliprole, cyantraniliprole, 
昀氀ubendiamide, spinosad, indoxacarb, acetamiprid and 
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imidacloprid which were tested against 昀椀eld collected 
population of P. absoluta from Karnataka, Tamil Nadu, 
Maharashtra and Andhra Pradesh.

MATERIALS AND METHODS

Insecticides 

Commercial formulations of regularly used 
insecticides for the management of tomato leafminer 
belonging to different chemical groups with various modes 
of action as de昀椀ned by the Insecticide Resistance Action 
Committee (IRAC) were selected and purchased from 
local market for bioassay studies viz., chlorantraniliprole 
(coragen 18.5 SC, DuPont India Ltd. Hyderabad), 
cyantraniliprole (benevia 10.26 OD, DuPont India Ltd. 
Hyderabad), 昀氀ubendiamide (fame 39.35 SC, Bayer crop 
science Mumbai), indoxacarb (kingdox 14.5 SC, Gharda 
chemicals Ltd.  Mumbai), spinosad (tracer 45 SC, Dow 
Agro Science India Ltd. Mumbai), acetamiprid (pride 
20 SP, Syngenta India Ltd. Mumbai) and imidacloprid 
(con昀椀dor 17.8 SL, Bayer crop science Mumbai) were 
used in bioassay studies.

Maintenance of insect culture and host plant in the 

laboratory 

Insect population

Population for this study were collected from 
ten districts representing four states of South India 
viz., Karnataka (Davanagere, Chamarajnagar, 
Chikkamagaluru and Raichur), Maharashtra (Kolhapur 
and Solapur), Tamil Nadu (Coimbatore and Madurai) 
and Andhra Pradesh (Chittoor and Kurnool). From each 
sampling site, tomato leaves infested with different 
instars of P. absoluta larvae were collected into large 
plastic bags (45 cm X 30 cm). Approximately 100-
200 larvae were collected from each site. The samples 
were transferred into a plastic box and covered with 
muslin cloth to avoid stress on insects. The plastic 
boxes containing the infested leaves with larvae were 
opened in insect-proof rearing cages containing fresh 
tomato seedlings, so that larvae could resume normal 
development. The rearing cages were maintained at 25 
± 2.5 °C, 65% RH and 16:8 h light: dark photoperiod. 
The second instar larvae of F

1
 generation were used for 

insecticidal bioassay and the experiment was carried out 
at Toxicology Laboratory, Department of Agricultural 
Entomology, College of Agriculture, Shivamogga.

Rearing of P. absoluta in laboratory

The 昀椀eld collected P. absoluta populations were 
maintained and reared on healthy tomato leaves 

separately in boxes with 25 ± 2.5 °C room temperature 
and 65 ± 5% relative humidity, fully mined leaves were 
replaced with fresh tomato leaves to the larvae until 
pupation. The pupae were collected from the tray and 
placed them in insect breeding boxes and the box was 
kept in adult emergence cage. Newly emerged adults 
were provided with 10 per cent honey solution with 
cotton swab. Thirty-day old tomato seedlings grown 
in small pots were kept in the adult emergence cage 
for oviposition and number of eggs laid were observed 
visually. If an adequate number of eggs were observed 
(i.e., more than 150–200 eggs/plant), then the plant was 
carefully removed and new plants were placed in the 
oviposition area to allow continuation of the oviposition. 
The seedlings with eggs were kept in separate cages and 
observed for hatching. The hatched larvae maintained by 
providing fresh seedlings and the culture was maintained 
continuously in laboratory and insect proof net house 
without any insecticide application. Field populations 
from different locations were collected from unsprayed 
昀椀elds and reared separately for one generation and F

1
 

populations were used for toxicity studies. Second instar 
larvae were used for laboratory experiments. 

Host Plant material 

Tomato plants (JKTH 811- hybrid widely cultivated 
in university jurisdiction) were maintained in pest free 
insect-proof cages under laboratory conditions and in 
polyhouse. No insecticides were used during the plant 
development phase.

Bioassay method

Laboratory bioassay of insecticides on P. absoluta was 
carried out as per the IRAC test method No. 022. Median 
lethal concentrations (LC

50
 and LC

90
 values) for these 

insecticides were estimated through leaf dip bioassay 
method. Accurate dilutions of the different insecticides 
from the identi昀椀ed commercial product were prepared. 
Prior to bioassays, bracketing was done for every 
insecticide to 昀椀x concentrations causing approximately 
10 to 90 per cent mortality of P. absoluta larvae. Initially 
stock solutions of maximum concentration were prepared 
and serially diluted to obtain desired concentrations. 
Bioassay for every insecticide was conducted at 昀椀ve 
concentrations in geometric progression and the 
experiment was conducted under laboratory conditions. 
Each insecticide concentration was replicated thrice. The 
use of a wetter/spreader (non-ionic adjuvant) is highly 
recommended in order to obtain optimal leaf coverage 
and hence in all cases, the selected surfactant triton X 
100 agent was used in the study.
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Tender young tomato leaves of uniform size were 
collected from 30 days seedlings grown in the polyhouse 
were used for the bioassay. Lea昀氀ets were individually 
dipped in each insecticide concentration for three to 昀椀ve 
seconds with gentle agitation, ensuring that the entire 
surface is treated equally. Then the treated lea昀氀ets were 
dried with the leaf axial surface facing upwards at room 
temperature for 15 min on moist tissue paper cut to 昀椀t 
the insect breeding box. The control leaves were dipped 
in the distilled water without insecticide. Second-instar 
P. absoluta larvae were carefully removed from the 
galleries in infested tomato leaves maintained in the cage 
and starved for a period of four hour. It was also ensured 
that larvae never been under starvation stress during 
the study. Twenty second-instar larvae were released 
for each concentration by using a 昀椀ne soft brush on the 
treated leaf in the box as previously described and the 
box lid was immediately 昀椀tted to prevent larvae from 
escaping. Three boxes were used served as replication 
for each treatment, resulting in a total of 45 to 60 larvae 
per concentration. All treatments were placed under 
laboratory conditions (26 ± 2 ◦ C, 50-60% RH, 16:8 h 
L:D). A moist cotton plug was attached at the cut end 
of the leaf and the leaf was then placed in a transparent 
insect breeding box (9 cm). The same procedure was 
followed for all the doses and for all the insecticides, 
starting with the “untreated” control then followed by 
the more diluted dose and advancing progressively to 
the higher concentrations. The mortality was assessed 
after 24 h of exposure at different intervals. The data on 
昀椀nal values of mortality (LC

50
) were represented at 72 

hrs. Larvae were recorded as moribund if no coordinated 
movement or de昀椀cient response to external stimulus 
was observed and were considered dead if they failed to 
right-back themselves when turned upside down with a 
brush. Mortality was estimated from the total number of 
dead and moribund insects. If insect vitality could not be 
clearly determined (live or moribund), the larvae were 
carefully extracted from the leaf to observe the responses 
when undistracted by the leaf epidermis. 

Data analysis

The mortality data were corrected by the Abbott’s 
formula (Abbott 1925) and subjected to Probit analysis 
using the statistical program SPSS version 16.0 software 
(IBM SPSS, Armonk, New York, USA) to obtain the 
LC

50
, 昀椀ducial limits (95%), slopes and Chi-square values. 

Relative potency

The LC
50

 of the susceptible population among the 
昀椀eld collcted population was used for the calculation of 
relative potency for each insecticide. In the absence of 

a characterised susceptible reference strain, results are 
compared with those of the most susceptible population 
i.e., the population which has a least value of LC

50
 

assumed as susceptible population for each insecticide. 
Relative potency ratio was thus estimated to know the 
potency of the active ingredients used in the study by 
the formula LC

50
 of the least susceptible population 

divided by the LC
50

 of the most susceptible population 
(Deshmukh et al., 2020).

RESULTS AND DISCUSSION

Bioassay of insecticides on P. absoluta collected 
from different locations of South India. Susceptibility 
to different insecticides having different mode of action 
among 昀椀eld collected tomato leaf miner populations 
during 2017-19 from ten locations from different 
districts of Karnataka, Maharashtra, Tamil Nadu and 
Andhra Pradesh was studied by following leaf dip 
bioassay method. Per cent mortality of P. absoluta 

larvae was checked from 24 h up to 72 h after treatment. 
The insecticides had a substantial difference in larval 
mortality at 72 h after treatment. Hence, 昀椀nal values are 
represented for 72 h after treatment. The ranges of LC

50
 

and LC
99

 values calculated for P. absoluta populations 
from various locations are presented in Table 1. The 
results indicated that populations of P. absoluta among 
ten locations had variable responses to tested insecticides 
in this experiment. 

The slopes of the dose response curves of the tested 
populations were high and varied among P. absoluta 

populations, but they were not extremely broad. In all 
cases, the slopes for insecticides were more than two, 
presumably indicating greater homogeneity/uniformity 
among P. absoluta populations collected from 
different locations. In response to diamide exposure, 
the tested populations showed highest slopes. For 
chlorantraniliprole the slopes ranged from 1.9 to 2.6 
with an average of 2.2 (SE = 0.21). The slope values 
for cyantraniliprole among different population ranged 
from 1.7 to 2.6. High slopes of the response line to 
昀氀ubendiamide were observed, ranging from 2.2 to 3.6 
and resulting in an average of 2.6 (SE = 0.2).

The calculated LC
50 

value of P. absoluta for 
chlorantraniliprole from different locations ranged from 
1.4 to 4.7 ppm at 72 h after treatment. Resistance ratio 
(RR) varied from 1.1-fold to 3.3-fold, which might 
be considered within the natural variability range or 
developing low resistance (Table 1). For cyantraniliprole 
the LC

50 
ranged from 2.7 ppm to 9.2 ppm and resistance 

ratio (RR) varied from 1.5-fold to 3.4-fold showing a fairly 
homogeneous response among the populations. Madurai 

Insecticide resistance in Phthorimaea absoluta
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Table 1. Relative toxicity of insecticides against 昀椀eld population of Phthorimaea absoluta from 

different locations by leaf dip bioassay

Population n
LC

50
 

(ppm)

Fiducial 

limits 

(95%)

LC
95

 

(ppm)

Fiducial 

limits 

(95%)

Slope 

± SE

Chi-

square

RR 

ratio

Recommended 

昀椀eld dose
(ppm)

Chlorantraniliprole 

Davanagere
Chikkamagaluru
Madurai
Chittoor
Coimbatore
Solapur
Chamarajanagar
Raichur
Kurnool
Kolhapur

360
360
270
360
270
360
360
270
270
360

1.4
1.6
1.7
1.8
2.3
2.4
2.5
2.6
3.2
4.7

1.0-1.9
1.3-1.9
1.4-2.1
1.5-2.3
1.9-2.8
1.9-2.9
2.1-3.0
1.8-3.9
2.7-3.9
4.0-5.6

6.9
8.8
11.0
13.4
14.5
16.6
10.7
15.3
17.5
21.2

4.3-17.3
6.3-14.5
7.5-19.6
8.8-25.9

10.0-25.7
11.0-30.8
7.5-18.8
8.3-65.0

12.5-28.5
15.8-32.3

2.4 ± 0.2
2.2 ± 0.2
2.0 ± 0.2
1.9 ± 0.2
2.0 ± 0.2
1.9 ± 0.2
2.6 ± 0.3
2.1 ± 0.2
2.2 ± 0.2
2.5 ± 0.2

3.0
1.6
2.2
2.9
2.2
2.5
2.5
4.3
1.5
2.0

-
1.1
1.2
1.2
1.6
1.7
1.7
1.8
2.2
3.3

55
55
55
55
55
55
55
55
55
55

Cyantraniliprole 

Madurai
Kurnool
Coimbatore
Raichur
Solapur
Chikkamagaluru
Chamarajanagar
Davanagere
Kolhapur
Chittoor

270
270
270
360
360
270
360
360
270
270

2.7
4.1
4.2
5.4
5.5
6.2
6.3
6.6
8.2
9.2

2.3-3.3
2.7-6.0
3.0-5.9
3.2-9.0
4.6-6.7
4.4-9.2
5.3-7.5

3.5-10.5
6.8-9.9

5.6-16.2

16.3
19.6
21.7
30.3
32.6
46.6
28.2
27.9
49.8
85.9

11.5-27.4
11.0-85.6
12.8-66.1

15.3-198.2
22.9-54.7

24.4-181.9
20.9-43,5

15.4-215.5
34.8-84.1

36.6-834.8

2.1 ± 0.2
2.4 ± 0.2
2.3 ±0.2
2.2 ±0 .2
2.1 ± 0.2
1.8 ± 0.2
2.5 ± 0.2
2.6 ± 0.3
2.1 ± 0.2
1.7 ± 0.2

2.9
5.5
3.8
6.9
2.9
3.2
1.9
7.7
2.7
4.9

-
1.5
1.5
2.0
2.0
2.2
2.3
2.4
3.0
3.4

184
184
184
184
184
184
184
184
184
184

Flubendiamide 

Madurai
Solapur
Coimbatore
Kurnool
Davanagere
Chittoor
Chamarajanagar
Chikkamagaluru
Raichur
Kolhapur

270
270
270
270
360
270
360
360
360
270

2.3
2.6
2.7
2.9
5.1
8.1
9.0
11.0
11.3
16.2

1.7-3.0
1.8-3.6
1.9-3.8
1.7-4.9
4.3-6.0

6.0-10.9
6.5-12.4
6.5-18.4
9.6-13.3
6.7-35.7

6.6
10.9
9.5

15.4
21.6
29.0
40.2
50.0
44.1
86.6

4.6-12.7
6.8-28.0
6.1-23.8
7.7-110.0
16.5-31.6
19.2-63.5

25.0-102.8
26.6-309.4
33.8-64.9

38.2-4087.8

3.6 ± 0.3
2.6 ± 0.2
3.0 ±0.2
2.2 ± 0.2
2.6 ±0.2
2.9 ±0 .2
2.5 ±0.2
2.5 ±0.2
2.7 ±0.3
2.2 ± 0.2

4.1
4.3
5.4
7.5
2.9
4.2
3.7
8.3
2.4

13.1

-
1.1
1.1
1.2
2.2
3.5
3.9
4.7
4.9
7.0

100
100
100
100
100
100
100
100
100
100

Indoxacarb 

Solapur
Coimbatore
Kurnool
Chittoor
Raichur
Chikkamagaluru
Davanagere
Chamarajanagar
Madurai
Kolhapur

270
270
270
270
360
360
360
270
270
270

2.8
3.8
4.6
5.2
5.4
6.1
6.5
6.6
7.7

12.2

1.9-4.1
3.0-4.8
2.6-8.4
3.5-7.8
3.2-9.0
4.1-9.6
3.8-11.3
3.9-11.7
6.2-9.8

8.5-18.7

20.0
40.9
25.0
54.6
54.3
56.0
75.7

103.5
82.3

109.3

10.5-78.0
24.8-89.7

12.1-236.6
26.0-269.9
24.2-417.4
26.1-319.2
30.9-847.6
38.2-1481.6
49.8-183.6
53.0-524.1

1.9 ± 0.2
1.6 ±0.1
2.2 ± 0.2
1.6 ±0.1
1.6 ±0.1
1.1 ±0.1
1.5 ±0.1
1.3 ± 0.1
1.6 ± 0.1  
1.7 ± 0.2

3.5
2.7
9.3
3.0
4.9
3.7
4.4
3.9
2.8
3.3

-
1.3
1.6
1.8
1.9
2.1
2.3
2.3
2.7
4.3

145
145
145
145
145
145
145
145
145
145
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Spinosad

Madurai
Kurnool
Solapur
Chittoor
Coimbatore
Davanagere
Chikkamagaluru
Kolhapur
Chamarajanagar
Raichur

270
270
270
270
270
360
360
270
360
270

2.1
2.6
3.1
3.9
4.7
5.1
5.4
6.6
8.2
9.3

1.2-3.4
2.2-3.1
1.9-5.3
2.7-5.4
3.9-5.6
4.4-6.0
4.5-6.4
5.5-7.9

6.6-10.2
6.7-12.6

13.4
14.5
17.3
18.2
27.0
21.4
28.2
36.9
68.4
51.6

6.9-75.8
10.4-23.5
8.5-128.7
11.0-55.5
19.2-44.3
16.4-31.2
20.4-44.9
26.4-60.1
44.0-135.1
31.6-129.1

2.0 ± 0.2
2.2 ± 0.2
2.0 ± 0.2
2.4 ± 0.2
2.1 ± 0.2
2.6 ± 0.2
2.2 ± 0.2
2.2 ± 0.2
1.7 ± 0.2
2.2 ± 0.2

6.0
1.3
6.6
4.3
1.4
2.7
1.2
1.5
1.0
3.1

1
1.2
1.4
1.8
2.2
2.4
2.5
3.1
3.9
4.4

144
144
144
144
144
144
144
144
144
144

Acetamaprid

Solapur
Kurnool
Kolhapur
Chittoor
Coimbatore
Chamarajanagar
Raichur
Madurai
Chikkamagaluru
Davanagere

270
360
270
270
270
270
360
270
360
270

2.9
6.1
7.0

13.7
14.2
14.3
16.6
17.2
17.4
22.9

2.0-4.2
4.1-9.6
5.8-8.6

11.3-16.8
11.7-17.4
11.9-17.4
10.-27.3

14.2-21.0
14.5-21.2
13.9-49.7

14.2
56.0
45.6
89.3
86.8
91.6

135.2
111.7
105.8
121.3

8.2-43.6
26.1-319.2
30.6-83.8
59.9-163.
58.6-158.7
62.8-161.0
6.0-979.0
74.9-204.3
72.1-188.1
53.8-2518.9

2.3 ± 0.2
1.7 ± 0.1
2.0 ± 0.2
2.0 ± 0.2
2.0 ± 0.2
2.0 ± 0.2
1.8 ± 0.2
2.0 ± 0.2
2.1 ± 0.2
2.7 ± 0.2

4.6
3.7
1.0
1.2
1.4
1.8
4.3
1.3
1.5
7.7

1.0
2.1
2.4
4.7
4.8
4.9
5.7
5.9
6.0
7.8

200
200
200
200
200
200
200
200
200
200

Imidacloprid 

Kurnool
Coimbatore
Solapur
Raichur
Chikkamagaluru
Davanagere
Madurai
Chamarajanagar
Chittoor
Kolhapur 

270
270
360
360
360
360
270
360
270
270

26.4
53.0
60.4
62.9
66.2
71.4
76.8
81.2
92.7
106.0

22.0-31.7
44.2-63.5
49.4-74.5
52.9-74.2
55.2-79.3
60.2-84.7
64.4-91.3
67.1-98.3
77.3-111.1
88.4-127.0

149.1
297.6
453.4
294.9
372.2
347.8
403.1
515.4
521.4
595.2

106.5-243.9
212.6-486.0
296.4-867.8
222.9-437.7
265.9-608.1
255.4-543.0
292.6-643.1
356.6-889.2
372.4-852.0
425.2-972.1

2.1 ± 0.2
2.1 ± 0.2
1.8 ± 0.2
2.4 ±0 .2
2.1 ± 0.2
2.3 ± 0 .2
2.3 ± 0.2
2.0 ± 0.2
2.1 ± 0.2
2.1 ±0 .2

1.6
1.5
2.8
2.7
1.5
1.2
1.8
0.2
1.5
1.5

-
2.0
2.2
2.3
2.5
2.7
2.9
3.0
3.5
4.0

60
60
60
60
60
60
60
60
60
60

*n = sample size
*LC

50 
- Lethal concentration which kills 50% of exposed population expressed in parts per million (ppm)

*LC
95 

- Lethal concentration which kills 95% of exposed population expressed in parts per million (ppm)
* SE = Standard Error
*Relative Resistance ratio (RR) = LC

50
 of the least susceptible population /LC

50
 of the most susceptible population

population was most susceptible to cyantraniliprole with 
LC

50 
value of 2.7 ppm. Population from Kolhapur showed 

reduced susceptibility to 昀氀ubendiamide (16. 2 ppm), 
whereas Madurai population were most susceptible 
with LC

50
 value of 2.3 ppm. Resistance ratios (RR

50
) 

varied from 1.1-fold to 7-fold, indicating slightly more 
variation among populations than for chlorantraniliprole 
and cyantraniliprole (Table 1).

The slope values for tomato leaf miner population 
collected from different location when tested against 

indoxacarb ranged between 1.1 and 2.2 with an average 
of 1.61 (SE = 0.1) (Table 1). The most susceptible 
population among ten different locations to indoxacarb 
was from Solapur with an LC

50
 value of 2.8 ppm followed 

by Coimbatore (3.8 ppm), Kurnool (4.6 ppm), Chittoor 
(5.2 ppm), Raichur (5.4 ppm), Chikkamagaluru (6.1 
ppm), Davanagere (6.5 ppm), Chamarajanagar (6.6 ppm) 
and Madurai (7.7 ppm), while the most tolerant strain of 
P. absoluta to indoxacarb was Kolhapur population (12.2 
ppm) resulting in a four-fold increase in the resistance 
ratio (Table 1). 
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Indoxacarb affects insects from direct exposure and 
through ingestion of treated foliage/fruit which leads to 
immediate feeding cessation. It kills pests by binding 
to a site on sodium channels and blocking the 昀氀ow of 
sodium ions into nerve cells. The result is impaired nerve 
function, feeding cessation, paralysis, and death. It may 
take days for insects to die (Brugger, 1997).

The slope of response line to spinosad ranged from 
1.7 to 2.6 with an average of 2.16 (SE = 0.2). The 
LC

50
 value for P. absoluta population from different 

location ranged from 2.1 to 9.3 ppm. Raichur population 
showed least susceptibility to spinosad with an LC

50
 

value of 9.3 ppm resulting in four-fold resistance to 
the insecticide. Madurai population had an LC

50
 value 

of 2.1 ppm indicating most susceptibility to Spinosad. 
To this insecticide LC

95
 values ranged from 13.4 to 51.6 

ppm which was lower than the recommended 昀椀eld dose 
(Table 1). 

Spinosad has very low toxicity for mammals, birds, 
insect predators and the greatest effect of spinosad is 
on the Lepidoptera, Diptera, Thysanoptera, Coleoptera 
and Orthoptera (Toews et al., 2003). Spinosad has two 
unique modes of action, acting primarily on the insect 
nervous system at the nicotinic acetylcholine receptor 
and exhibiting activity at the GABA receptor (Watson 
et al., 2010).

Acetamiprid and imidacloprid belonging to 
neonicotinoid group were selected to examine the 
toxicity of these insecticides against second instar 
larvae of P. absoluta population collected from different 
locations from Karnataka, Maharashtra, Tamil Nadu and 
Andhra Pradesh. 

The slopes of acetamiprid varied from 1.7 to 2.7 
with an average of 2.06 (SE = 1.9) (Table 1). Median 
lethal concentration values tested to acetamiprid among 
P. absoluta population of different locations ranged 
from 2.9 to 22.9 ppm resulting in eight-fold resistance, 
highest resistance ratio among all insecticides tested. 
Solapur 昀椀eld strains showed more susceptibility to 
acetamiprid with an LC

50
 value of 2.9 ppm followed by 

Kurnool (6.1 ppm), Kolhapur (7.0 ppm), Chittoor (13.7 
ppm), Coimbatore (14.2 ppm), Chamarajanagar (14.3 
ppm), Raichur (16.6 ppm), Madurai (17.2 ppm) and 
Chikkamagaluru (17.4 ppm). Davanagere population 
showed least susceptibility to tested insecticide with an 
LC

50
 value of 22.9 ppm (Table 1).

With respect to another neonicotinoid i.e., 
imidacloprid, the slope of dose response line ranged from 
1.8 to 2.4 with an average of 2.13 (SE = 0.2). Among all 
tested insecticides so far against P. absoluta population 

from various locations, imidacloprid exhibited least 
toxicity for tomato leafminer with an LC

50
 value ranging 

from 26.4 to 106.0 ppm resulting in four-fold difference 
in resistance among different population. Kurnool 
population were more susceptible with LC

50
 value of 

26.4 ppm and the most tolerant one was recorded from 
Kolhapur (LC

50
 106.0 ppm) indicating less susceptibility 

to imidacloprid when compared to other populations and 
also LC 

95
 values of all the populations (149.1 to 595.2 

ppm) exceeded the recommended 昀椀eld dose (60 ppm) 
(Table 1).

Insecticides belonging to different group like 
diamides, oxadiazines, spinosyns and neonicotinoids 
having different mode of action exhibited varied level of 
toxicity across the populations collected from different 
locations of Karnataka, Maharashtra, Tamil Nadu and 
Andhra Pradesh. Among diamides, viz., 昀氀ubendiamide, 
chlorantraniliprole, cyantraniliprole, variation in relative 
toxicity against P. absoluta populations were observed. 
The present study revealed that P. absoluta population 
from different locations had high susceptibility to 
chlorantraniliprole (LC

50
 values 1.4 to 4.7 ppm) 

followed by cyantraniliprole (LC
50

 values 2.7 to 9.2 
ppm) and 昀氀ubendiamide (LC

50
 values 2.3 to 16.2 ppm). 

These results are in conformity with 昀椀ndings of Kumar 
et al. (2020) that LC

50
 values of chlorantraniliprole 

and 昀氀ubendiamide to P. absoluta population from 昀椀ve 
districts of Tamil Nadu ranged between 0.27 to 0.60 
ppm and 1.01 to 2.25 ppm respectively, indicating lower 
LC

95
 values than the recommended label rate for both 

chlorantraniliprole and 昀氀ubendiamide, suggesting that 
the particular diamide insecticides would provide the 
expected control of P. absoluta infestation. Similar results 
were also recorded by Prasannakumar et al. (2020) LC

50 

values for cyantraniliprole ranged from 10.0 (Bangalore 
population) to 29.4 ppm (Anantapur population) and 
for 昀氀ubendiamide it was 5.1 (Kolar population) to 32.3 
ppm (Anantapur population) indicating that, to both 
the insecticides Anantapur population showed reduced 
susceptibility compared to populations from other 
location. which necessitates the judicious use of chemicals 
for its management. Therefore, regular monitoring the 
susceptibility of different population exposed to distinct 
active ingredients is essential. Similarly, Roditakis et al. 
(2012) reported that P. absoluta population from Greece 
showed susceptibility to both chlorantranilliprole and 
昀氀ubendiamide with an LC

50 
values ranging between 0.12 

to 0.53 mg/L and 0.31 to 1.31 mg/L respectively. The 
LC

50
 values varied from 3.17 to 29.64 μg/L and 94 to 

230 μg/L for chlorantraniliprole and 昀氀ubendiamide with 
nine-fold and three-fold resistance ratios (Campos et al., 
2014b).
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Results of present study and also reports of Kumar 
et al., 2020 and Prasannakumar et al. (2020) from India 
have demonstrated that development of resistance to 
diamides have not been reported in India as compared to 
native place of this pest, resistance ratio ranged between 
two to ten-fold, which indicates low level of resistance 
status in P. absoluta populations from different location 
of South India. From our study, it can be concluded that, 
this pest with 8 to 10 generations per year, combined 
with wide spread and intensive use of 昀氀ubendiamide 
and chlorantraniliprole to control P. absoluta, may end 
up with development of resistance in a relatively shorter 
period of time in the 昀椀eld where populations are large 
and selection pressures can be much higher than in the 
laboratory  and also due to continuous spraying of over 
dosages of insecticides, ignorance or a lack of concern in 
dealing with usages of insecticides. (Guillemaud et al., 
2015). Also, inter-regional differences with respect to 
median lethal concentrations among tested populations 
may be due to insecticide use patterns wherein during 
initial days of introduction of this pest, majority 
of farmers were unaware about nature of damage, 
economic importance and early identi昀椀cation of the pest 
and also certain farmers had abandoned infested 昀椀elds 
for cattle grazing and hence incurred complete crop loss. 
Hence, alternative management approaches, such as the 
preservation of natural enemies, the destruction of crop 
remains and the application of economic injury levels, 
would help to delay diamide resistance. More crucially, 
farmers should be encouraged to adopt insecticide 
rotation, which is likely one of the most feasible 
strategies. Silva et al. (2016a) found that the majority 
of P. absoluta are susceptible to spinosyns, which might 
be utilised as a substitute for diamides. Additionally, 
absence of cross-resistance between spinosyns and 
diamides have been demonstrated by Campos et al. 
(2014a) which suggests an interesting alternative for 
managing resistance for this pest and even molecules 
such as abamectin, chlorfenapyr, indoxacarb, and 
meta昀氀umizone, may be used as alternative chemicals to 
manage P. absoluta populations.

With respect oxadiazines insecticide indoxacarb, 
present study revealed that there was variation in median 
lethal concentration values of P. absoluta populations 
from different locations of South India wherein LC

50
 

values ranged between 2.8 (Solapur population) to 
7.7 ppm (Madurai population) with a resistance ratio 
of 1.3-to-4.3-fold resistance. These results are in 
conformity with the 昀椀ndings of Silva et al. (2016) that 
the LC

50
 values varied among eight 昀椀eld populations of 

Brazil to indoxacarb, wherein LC
50 

value varied from 
0.92 (Tiangu) to 2.89 (Pelotas) mg/L, with resistance 

ratio values between 1.1 and 3.3 times when compared 
with susceptible population LC

50 
value which was 0.86 

mg /L from Iraquara, showing that all the populations 
are susceptible to this insecticide. Also, LC

50 
values to 

indoxacarb was found to be 17.5 ppm, which indicated 
that Brazilian population is more resistant to indoxacarb 
than Indian population of P. absoluta, implying that the 
pest was 昀椀rst detected in Brazil before being introduced 
to India. However, the LC

95 
was always lower than the 

recommended label rate and no cases of control failures 
were detected (Roditakis et al., 2012). Variability in 
responses to indoxacarb have also been reported by 
Kumar et al. (2020) in populations from Tamil Nadu, 
with LC

50
 ranging from 0.82 to 6.38 ppm resulting in 

an eight-fold difference; Prasannakumar et al. (2020) 
in populations from Bangalore, Kolar, Madurai, Salem, 
Coimbatore and Anantapur wherein Kolar (22.8 
ppm), Salem (16.00 ppm) and Anantapur (33.21 ppm) 
population showed reduced susceptibility to indoxacarb 
than the susceptible population (11.13 ppm). 

P. absoluta population exhibited variation in LC
50

 
when they were treated with spinosad insecticide with 
Madurai population showing more susceptibility (LC

50
 

value of 2.1 ppm) and Raichur population showing least 
susceptibility (LC

50 
value of 9.3 ppm). Similar results 

were observed when relative toxicity of spinosad against 
second instar larvae of P. absoluta from Urmia city in 
Iran was evaluated by Hosseinzadeh et al. (2019). LC

50
 

values at 72h after treatment indicated second instar 
larva was more susceptible to spinosad (1453.0 ppm) but 
the LC

50
 values recorded in this study are higher than 

those observed in our results. This is due to the fact that 
pest was noticed for the 昀椀rst time in the year 2010 in Iran 
earlier than India and probably pesticide usage pattern 
and availability of host and number of generations per 
year may be the reason for having higher LC

50 
values. 

P. absoluta population from nine distinct locations in 
Greece showed LC

50
 value ranging from 0.08 to 0.26 

ppm, resulting in a three-fold difference and also high 
slopes of the response line to spinosad were observed, 
ranging from 1.45 to 2.28 and resulting in an average of 
1.83 (Roditakis et al., 2012). LC

50
 values were lower than 

present results which may be due to less cropping area, 
temperate country and low pesticide usage intensity.

Among seven insecticides tested against P. absoluta 
in the present study Neonicotinoids (imidacloprid and 
acetamiprid) were found to be least toxic to the test 
insect with LC

50 
values ranging from 2. 9 to 22.9 ppm 

for acetamiprid and 26.4 to 106.0 ppm for imidacloprid. 
These results are in line with 昀椀ndings of Sallam et al. 
(2015) who have repored that imidacloprid was inferior 
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and least toxic to fourth instar larvae of P. absoluta with an 
LC

50
 value of 2115.70 ppm. Present results are in harmony 

with Kandil et al. (2020) that emamectin benzoate, 
chlorantraniliprole and spinetoram showed more toxicity 
with LC

50
 values of 0.26, 0.46 and 0.59 ppm, respectively 

whereas imidacloprid (40.23 ppm) has least toxicity to P. 

absoluta population from Egypt. Although imidacloprid 
have not been registered for P. absoluta control in India, 
its potency against this new pest have been investigated 
and as per literature, it is also effective against micro-
lepidopterans in its early stage. High variability in the  
LC

50
 values was observed for imidacloprid. When 

compared with the recommended 昀椀eld rate, very 
low toxicity levels were detected. Plots treated with 
imidacloprid suffered greater damage by the pests 
with low marketable and total yield. Poor performance 
by reportedly effective insecticides for controlling 
P. absoluta with imidacloprid suggest that the P. 

absoluta population which invaded Ethiopia is not 
resistant only to the older group of insecticides such 
as organophosphates (e.g., profenofos), but also 
relatively to the new molecules (Ayalew, 2015). 
Ramesh and Ukey (2007) and Kay (2006) found that 
imidacloprid were weak and ineffective insecticide 
against tomato leaf miner. In our study, populations of  
P. absoluta showed comparatively low levels of 
resistance to chlorantraniliprole, cyantraniliprole, 
昀氀ubendiamide, Spinosad and indoxacarb, whereas 
neonicotinoid insecticides showed higher LC

50 
values 

(acetamiprid 2.9 to 22.9 ppm and imidacloprid 25.4 
to 106.0 ppm) and variation of resistance ratio values 
for acetamiprid was higher than for the other assessed 
insecticides, showing heterogeneity of susceptibility 
among P. absoluta populations. The 昀椀rst case of 
insecticide resistance development in P. absoluta were 
reported for organophosphates and pyrethroids in Chile 
(Salazar and Araya, 2001) and to avermectins and 
nereistoxin derivatives in both Brazil (Siqueira et al., 
2000). Thereafter, silva et al. (2011) reported high levels 
of resistance in some Brazilian states to insect growth 
regulators, indoxacarb, B. thuringiensis, bifenthrin 
and permethrin in this pest (>100 times), which were 
associated with control failures. Resistance to spinosad 
was also reported (Campos et al., 2014b; Reyes et al., 
2012), which caused cross-resistance to spinetoram 
(Campos et al., 2014a). In this scenario, diamides have 
played a major role in the control of P. absoluta, to which 
no resistance in the open 昀椀eld has been reported yet, 
despite the 昀椀rst reported cases in European greenhouses 
(Roditakis et al., 2015). Additionally, use of diamides 
may have impacted the susceptibility status of P. absoluta 

to other products such as indoxacarb, abamectin, cartap 

as well as to the novel insecticides chlorfenapyr and 
meta昀氀umizone, because their exclusive mode of action 
could eliminate previous existing mechanisms of 
resistance in 昀椀eld populations.

Differences in population dynamics, pesticide usage 
pattern and migratory behaviour are thought to be the 
most likely explanations for the differential resistance 
pro昀椀le of insects. In an ideal world, insecticides 
should control their target pest without impacting the 
existence of others they should be ‘deadly to the pest and 
harmless to the rest’. Thus, the reduced susceptibility 
of P. absoluta to various 昀椀eld collected population 
thus indicates a development of resistance to various 
insecticides necessitating the judicious use of chemicals 
for its management. Although insecticidal resistance in 
P. absoluta has not been reported from India, already 
existing resistance reports from different parts of the 
world indicate, resistance management strategies must 
take place immediately for effective results before control 
failures occur in the 昀椀eld. The resistance management 
should be components of IPM, which minimize pesticide 
usage through the application of alternative tactics such 
as cultural control and conservation of natural control 
through selective insecticides. Therefore, regular 
monitoring the susceptibility of different population 
exposed to distinct active ingredients is essential. 
Insecticide resistance programs should be implemented 
to conserve current ef昀椀cient insecticides, used for 
management of P. absoluta.
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 
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Management of rugose spiraling white昀氀y (RSW), Aleurodicus 

rugioperculetus Martin with biopesticides on coconut with a note on its 

natural enemies
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ABSTRACT: Studies on the evaluation of biopesticides viz., Beauveria bassiana, Isaria fumosorosea NBAIR pfu-
5,Metarhizium anisopliae, Lecanicillium lecanii, Azadirachtin 10000 ppm, soapnut along with jet water spraywere 
undertakenat SKPP Horticultural Polytechnic College, Ramachandrapuram and Horticultural Research Station (HRS), 
Ambajipeta, Andhra Pradesh during 2020-21 and 2021-22 with an objective of examining their impact onthe 
management of rugose spiraling white昀氀y (RSW), Aleurodicus rugioperculetus Martin in coconut (Cocos nucifera L.) 
palms variety East Coast Tall (ECT).The overall and pooled results during the seasons 2020-21 and 2021-22, revealed 
that, Azadirachtin 10000 ppm @ 1 ml/l had recorded with lowest number of RSW nymphs per lea昀氀et and I. fumosorosea 
NBAIR pfu-5 @ 5 g/l (T

2
) recorded with lowest number of adults, incidence and intensity under high incidence (> 20 

spirals per lea昀氀et) of RSW. The natural enemies mainly predators viz., spiderswere documented during the study.

Keywords: Coconut, RSW incidence, bio pesticides, spraying, management, East Coast Tall (ECT)

INTRODUCTION

Coconut palm (Cocos nucifera) is often described 
as “Kalpavriksha” due to its multifarious use and play 
important role in world coconut export trade (Ahuja et 

al., 2014). It is cultivated for oil, tender water and raw 
materials used in the coir industry.India stands 昀椀rst in 
world coconut trade with 31.46 per cent production. 
Bulk of coconut production, in India comes from 
Kerala, Karnataka, Tamil Nadu, Maharashtra followed 
by Andhra Pradesh sharing 90 per cent of area about 
1.15 lakh ha with a production of 1,377.53 m nuts.
However, the production and productivity of coconut is 
often limited by incidence of several pests and diseases 
(Chowdappa et al., 2018 and Neeraja et al., 2020). 
Recently, invasive rugose spiraling white昀氀y (RSW), 
Aleurodicus rugioperculetus Martin (Aleyrodidae: 
Hemiptera) was reported on coconut palm for the 昀椀rst 
time during August-Sep tember, 2016 at Pollachitaluk, 
Coimbatore district in Ta mil Nadu (Chandrika et al., 

2017) and Palakad taluk in Kerala. In Andhra Pradesh, 
it was 昀椀rst reported at Kadiyapulanka nursery gardens, 
East Godavari district during late December 2016 
(Chalapathi Rao et al., 2018). Very recently, studies of 
Raghuteja et al. (2023) for the 昀椀rst time reported that 
East Coast Tall (ECT) variety of coconut palms infested 
with low, medium and high incidence of invasive A. 

Rugioperculetus resulted in nut dropping of 4.06, 22.33 
and 28.51% at Ambajipeta, while it was 4.68, 23.49 
and 30.58% at Kalavalapalli coconut plantations. It was 
reported that infestation of RSWre昀氀ects nut yield loss 
up to 6.61% and 22.45% in ECT palms withlow and 
medium RSW incidence, while comparativelygreater 
yield loss of 27.59% inECT palms with high incidence 
respectively (Raghuteja et al., 2023).

The study on incidence of RSW is required to 
understand the behaviour of the pest and 昀椀nd its peak 
infestation period, so that the farmers could adopt eco-
friendly techniques for managing this insect pest at the 
farm level. Effective management of RSW is critical in 
maximizing coconut yield. Over reliance on pesticides 
and its indiscriminate use over last four decades 
has resulted in many negative consequences, viz., 
Resurgence, Resistance and Residual aspects (Raghuteja 
et al., 2020). Botanical pesticides which are non-toxic 
to man and also environmentally friendly can be used 
as alternatives to the synthetic pesticides. Insecticides 
and neem oil have been found effective against the pest 
in several countries. In India, tobacco extract, neem 
oil, pongamia oil, rosin soap and detergent solution in 
addition to various entomopathogenic fungal isolates are 
effective (Gundappa et al., 2013; Boopathi et al., 2015; 
Srinivasan et al., 2017). Hence, keeping in view the 
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present investigation was designed with an objective of 
evaluation of various biopesticides against RSW under 
high incidence (> 20 spirals per lea昀氀et) infesting coconut 
palms along with documentation of natural enemies.

MATERIALS AND METHODS

The ef昀椀cacy of different bio-pesticides was evaluated 
against RSW in East Coast Tall (ECT) variety of 7 years 
age-old palms with high RSW incidence as per the 
damage rating scale during 2020-21 and 2021-22 at SKPP 
Polytechnic college, Ramachandrapuram (16°83’72”NL 
and 82°03’25” EL) and HRS, Ambajipeta (16°59’38”NL 
and 81°95’36” EL). Evaluation of bio pesticides 
was carried out at Ramachandrapuram, horticultural 
polytechnic college working under the aegis of Dr. YSR 
Horticultural University as the plantations were found 
suitable for carrying out the experimentation with the 
desired pest load during 2020-21. The documentation 
of different predatory spiders was also carried out in the 
study.

The numbers of treatments of biopesticides were eight 
replicated thrice and statistically analysed by simple 
randomised block design (RBD). The observations on 
RSW incidence were made at weekly intervals starting 
from 7 days after imposing the treatments and continued 
up to 28 days.  The data pertaining to number of RSW 
nymphs and adults wererecorded on four randomly 
selected pest infested lea昀氀ets per leaf per palm from the 
top, middle and lower whorl representing four directions 
(total of 4 leaves/palm) was worked out and expressed 
as mean number of lea昀氀et/leaf/palm (total of 4 lea昀氀ets/
leaf) (16 lea昀氀ets/palm) at 1 day before spraying (DBS), 
7, 14, 21 and 28 days after spraying (DAS). Estimation 
of RSW incidence and intensity (%) were also calculated 
using the following formulae

RSW Incidence (%) = 

RSW Intensity (%) = 

The randomly selected four lea昀氀ets/ leaf/ palm 
for each treatment were marked carefully, sealed in 
a polythene cover and immediately brought to the 
laboratory. The data was collected on population of RSW 
nymphs under Nikon SMZ18 13.5 x stereomicroscope 
and adults on visual basis.

Statistical Analysis

The statistical analysis of data was done by using 
OPSTAT software. The data was transformed by arc 
sine and square root transformations before the data 

subjecting for analysis. After the analysis the data was 
tabulated for interpretation of results. 

RESULTS AND DISCUSSION

Spraying of bio pesticides viz., B. bassiana, I. 

Fumosorosea NBAIR pfu-5, M. anisopliae, L. lecanii, 
Azadirachtin 10000 ppm, soapnut powder and Jet water 
spray were undertaken to evaluate ef昀椀cacy against RSW 
infested coconut palms with high (> 20 spirals per lea昀氀et) 
incidence as per the damage rating scale developed by 
Srinivasan et al., (2016) during 2020-21 and 2021-22.

The pooled analysis (2020-21 and 2021-22) of data 
indicated that, signi昀椀cant difference was observed 
among different treatments of bio pesticides against 
RSW incidence from 7th day and continued till 28th day. 
I. fumosorosea NBAIR pfu-5 @ 5 g/l (T

2
) recorded 

least incidence with 82.98, 78.37, 76.47 and 71.89 per 
cent throughout the experimental period and found to 
be promising followed by Azadirachtin 10,000 ppm @ 
1 ml/l (T

5
) with 83.80, 78.87, 77.12 and 72.82 per cent 

followed by soap nut powder @ 3 g/l (T
6
) with 85.18, 

80.25, 77.62 and 73.79 per cent. The highest incidence 
of 90.49, 91.71, 93.34 and 95.57 per cent  was recorded 
in control (Table 1).

The pooled analysis (2020-21 and 2021-22) of 
data showed that, signi昀椀cant difference was observed 
among different treatments of bio pesticides against 
RSW intensity from 7th day and continued till 28th day. 
I. fumosorosea NBAIR pfu-5 @ 5 g/l (T

2
) recorded 

least intensity with 88.81, 84.44, 81.79 and 76.83 per 
cent throughout the experimental period and found to 
be promising followed by Azadirachtin 10,000 ppm @ 
1 ml/l (T

5
) with 88.81, 84.44, 81.79 and 76.83 per cent. 

The pooled analysis of data (2020-21 and 2021-22) 
indicated that, signi昀椀cant difference was observed among 
different treatments against RSW nymphs from 7th day 
and continued till 28th day after spraying. Treatment (T

5
) 

Azadirachtin 10000 ppm @ 1 ml/l recorded least number 
(42.63, 37.04, 33.11 and 24.00 nymphs) with 30.18 per 
cent reduction after spraying, 44.82 per cent reduction 
over control and proved to be superior over remaining 
treatments followed by I. fumosorosea NBAIR pfu-5 @ 
5 g/l (T

2
) (43.68, 36.98, 34.51 and 26.89 nymphs) with 

27.53 per cent reduction and 42.67 per cent reduction 
over control followed by soapnut powder treatment (T

6
) 

with 45.90, 39.46, 37.72 and 28.36 nymphs (24.46 per 
cent reduction and 38.89 per cent reduction over control). 
The highest population of 50.75, 57.29, 61.32 and 64.31 
nymphs per lea昀氀et was recorded in control plots (Table 2).
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The pooled analysis of data (2020-21 and 2021-22) 
indicated that, signi昀椀cant difference was observed among 
different treatments against RSW adults. I. fumosorosea 
NBAIR pfu-5 @ 5 g/l (T

2
) recorded lowest number 

(36.42, 35.25, 33.59 and 29.11 adults) with 12.55 per 
cent reduction after spraying, 15.52 per cent reduction 
over control and proved to be superior followed by 
Azadirachtin 10,000 ppm @ 1 ml/l (T

5
) with 36.46, 

35.14, 33.10 and 30.90 adults (11.16 per cent reduction 
and 16.63 per cent reduction over control) followed by 
soapnut powder @ 3 g/l with 36.99, 35.72, 35.01 and 
33.21 adults (8.28 per cent reduction and 13.35 per cent 
reduction over control). L. lecanii@ 5 g/l (T

4
) recorded 

with 7.77 per cent reduction and 12.74 per cent reduction 
over control (37.10, 35.91, 34.78 and 34.14 adults). 

Table 1. Ef昀椀cacy of bio pesticides against incidence and intensity of RSW, A. rugioperculetus under high incidence 

palms (>20 spirals per lea昀氀et) (Pooled data of 2 years)

Tr. 

No.
Treatments

Before Spraying 

(B.S)

7 Days after 

Spraying 

(7 DAS)

14 Days after 

Spraying 

(14 DAS)

21 Days after 

Spraying 

(21 DAS)

28 Days after 

Spraying 

(28 DAS)

Incidence 

(%)

Intensity 

(%)

Incidence 

(%)

Intensity 

(%)

Incidence 

(%)

Intensity 

(%)

Incidence 

(%)

Intensity 

(%)

Incidence 

(%)

Intensity 

(%)

T
1

B. bassiana 
85.71

(68.01)
91.02

(73.13)
85.12

(67.28)
90.58

(72.09)
82.05

(64.91)
87.37

(69.16)
80.12

(63.49)
85.39

(67.50)
77.98

(61.99)
82.44

(65.19)

T
2

I. fumosorosea 

NBAIR pfu-5
86.42

(69.12)
91.74

(73.26)
82.98

(65.61)
88.81

(70.43)
78.37

(62.26)
84.44

(66.74)
76.47

(60.96)
81.79

(64.71)
71.89

(57.96)
76.83

(61.19)

T
3

M. anisopliae
89.00

(70.75)
94.33

(76.61)
87.15

(68.96)
92.42

(73.99)
84.87

(67.08)
90.19

(71.72)
82.97

(65.60)
88.28

(69.97)
81.39

(64.42)
85.38

(67.49)

T
4

L. lecanii
87.34

(71.07)
92.05

(73.68)
84.29

(66.62)
89.79

(71.33)
81.07

(64.18)
86.39

(68.32)
78.85

(62.59)
84.17

(66.53)
76.90

(61.26)
82.41

(65.17)

T
5

Azadirachtin 
10000 ppm

86.11
(68.24)

91.27
(72.86)

83.80
(66.24)

89.39
(70.96)

78.87
(62.61)

84.14
(66.50)

77.12
(61.39)

82.39
(65.17)

72.82
(58.55)

77.76
(61.83)

T
6

Soapnut 
powder

88.59
(70.64)

93.91
(76.98)

85.18
(67.33)

90.49
(72.02)

80.25
(63.59)

85.57
(67.45)

77.62
(61.74)

82.94
(65.58)

73.79
(59.18)

79.23
(62.86)

T
7

Jet water spray
89.58

(71.27)
94.90

(77.37)
86.67

(68.56)
91.98

(73.53)
83.97

(66.37)
89.29

(70.87)
81.64

(64.60)
86.96

(68.80)
79.48

(63.04)
84.79

(67.03)

T
8

Control
88.53

(70.29)
93.53

(75.52)
90.49

(72.02)
94.49

(76.40)
91.71

(73.23)
95.71

(78.01)
93.34

(75.01)
97.34

(80.57)
95.57

(77.82)
98.41

(83.15)

S.E (m) 3.41 2.65 0.004 0.15 0.002 0.08 0.24 0.28 0.15 0.62

C.D at 5 % N.S N.S 0.01 0.46 0.006 0.25 0.73 0.85 0.46 1.89

C.V 8.43 6.12 0.009 0.21 0.005 0.20 0.64 0.70 0.42 1.60

Table 2. Ef昀椀cacy of bio pesticides against nymphs of RSW, A. Rugioperculetus under high incidence palms (>20 

spirals per lea昀氀et) (Pooled results of 2 years) 

Tr. 

No.
Treatments

Before 

Spraying 

(B.S)

7 Days 

after 

Spraying 

(7 DAS)

14 Days 

after 

Spraying 

(14 DAS)

21 Days 

after 

Spraying 

(21 DAS)

28 Days 

after 

Spraying 

(28 DAS)

Per cent 

Reduction

Per cent 

Reduction 

over control

T
1

B. bassiana 

commercial
53.22
(7.36)

50.68
(7.19)

43.74
(6.69)

41.56
(6.52)

34.56
(5.96)

19.88 31.18 

T
2

I. fumosorosea 

NBAIR pfu-5
49.01
(7.07)

43.68
(6.68)

36.98
(6.16)

34.51
(5.96)

26.89
(5.28)

27.53 42.67 

T
3

M. anisopliae 
commercial

51.15
(7.22)

49.67
(7.12)

42.73
(6.61)

41.07
(6.49)

33.53
(5.88)

18.38 32.62 

T
4

L. lecanii 
commercial

52.60
(7.32)

48.29
(7.02)

41.49
(6.52)

38.77
(6.31)

32.58
(5.79)

23.42 34.99 
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T
5

Azadirachtin 

10000 ppm

48.97

(7.07)

42.63

(6.60)

37.04

(6.16)

33.11

(5.83)

24.00

(4.99)
30.18 44.82 

T
6

Soapnut 
powder

50.12
(7.15)

45.90
(6.85)

39.46
(6.36)

37.72
(6.22)

28.36
(5.42)

24.46 38.89 

T
7

Jet water spray
52.92
(7.34)

49.27
(7.09)

43.17
(6.65)

40.87
(6.47)

33.74
(5.89)

21.09 32.60 

T
8

Control (No 
sprayings)

49.46
(7.10)

50.75
(7.19)

57.29
(7.83)

61.32
(7.89)

64.31
(8.08)

- -

S.E (m) 0.09 0.11 0.10 0.11 0.12 - -

C.D at 5 % N.S 0.35 0.31 0.33 0.36 - -

C.V 2.25 2.82 2.67 2.86 3.44 - -

Table 3. Ef昀椀cacy of bio pesticides against adults of RSW, A. Rugioperculetus under high incidence palms (>20 

spirals per lea昀氀et) (Pooled Results of 2 years)

Tr. 

No.
Treatments

Before 

Spraying 

(B.S)

7 Days 

after 

Spraying 

(7 DAS)

14 Days 

after 

Spraying 

(14 DAS)

21 Days 

after 

Spraying 

(21 DAS)

28 Days 

after 

Spraying 

(28 DAS)

Per cent 

Reduction

Per cent 

Reduction 

over control

T
1

B. bassiana 

commercial
38.41
(6.28)

36.99
(6.16)

36.22
(6.10)

35.51
(6.04)

34.71
(5.98)

6.64 11.81 

T
2

I. fumosorosea 

NBAIR pfu-5
39.28

(6.35)

36.42

(6.12)

35.25

(6.02)

33.59

(5.88)

29.11

(5.75)
12.55 15.52 

T
3

M. anisopliae 
commercial

39.13
(6.33)

38.44
(6.28)

37.58
(6.21)

37.19
(6.18)

35.82
(6.07)

4.78 8.36 

T
4

L. lecanii 
commercial

38.47
(6.28)

37.10
(6.17)

35.91
(6.08)

34.78
(5.98)

34.14
(5.93)

7.77 12.74 

T
5

Azadirachtin 

10000 ppm

38.16
(6.25)

36.46
(6.12)

35.14
(6.01)

33.10
(5.84)

30.90
(5.65)

11.16 16.63 

T
6

Soapnut 
powder

38.41
(6.28)

36.99
(6.16)

35.72
(6.06)

35.01
(6.00)

33.21
(5.85)

8.28 13.35 

T
7

Jet water spray
39.35
(6.35)

37.89
(6.24)

37.31
(6.19)

36.65
(6.14)

35.88
(6.07)

6.15 9.17

T
8

Control (No 
sprayings)

38.20
(6.26)

38.72
(6.30)

40.98
(6.48)

41.15
(6.49)

41.79
(6.54)

- -

S.E (m) 0.07 0.03 0.05 0.02 0.03 - -

C.D at 5 % N.S 0.08 0.16 0.06 0.09 - -

C.V 1.92 0.74 1.45 0.59 0.88 - -

*Mean of three replicates; DAS: Days after spraying, Figures in the parenthesis are √x + 0.5 transformed values
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The 昀椀ndings imply that I. fumosorosea was more 
effective in the 昀椀eld than B. bassiana, M. anisopliae or 
L. lecanii in controlling the exoticA. rugioperculetus. To 
physically in昀椀ltrate the host and suppress its regulatory 
system, I. fumosorosea releases chitinase, chitosanase 
and lipase (Ali et al., 2010). These results are in line with 
those of Boopathi et al. (2013), Boopathi et al. (2015) 
and Chalapathi Rao et al. (2020). I. fumosorosea NBAIR 
Pfu-5 reduced the early nymphal instars of RSW by 52-
68 per cent and 35-40 per cent in Godavari Ganga hybrid 
and Gauthami Ganga variety of coconut, according 
to Chalapathi Rao et al.  (2020). Selvaraj et al.(2020) 
identi昀椀ed I. Fumosorosea NBAIR Pfu-5 as promising 
strain and observed overall reduction of 72.20-73.83 
per cent and 74.26-75.83 per cent in RSW population 
in Karnataka and Andhra Pradesh with two sprays at 15 
days interval in coconut and oil palm. 

Dipcolonic acid, hydroxy carboxylic acid and 
cyclosporine are released by L. lecanii and elevate the 
pH of the haemolymph, causing clotting and ending the 
haemolymph's circulation in the insect. Similar 昀椀ndings 
were obtained against A. dispersus by Boopathi et al. 
(2013). Elango and Nelson (2020) discovered that 1 
x 108 conidia/ml of L. lecanii (NBAIR VL-15 strain) 
caused up to 50 per cent RSW mortality.

The current investigation indicated that Azadirachtin 
10,000 ppm was ef昀椀cient at massacring and preventing 
the growth of invasive RSW nymphal stages at high 
incidence. Azadirachtin, a major active element isolated 
from Azadirachtaindica seeds, works as a growth 
regulator, anti feedant and insect repellant against insects 
of various genera, including those that feed on plant 昀氀uids 
(Copping and Duke, 2007) by inhibiting the activity of 
ecdysone-20-monooxygenase in the haemolymph, which 
converts ecdysone to 20-hydroxyecdysone (active form 
of moulting hormone). The 昀椀ndings are supported with 
those of Elango and Nelson (2020), Alagar et al. (2021) 
and Krishnarao and Chalapathi Rao (2019) who found 
that Azadirachtin 10,000 ppm was effective against RSW 
nymphs. In the current study, the powdered soapnut, 
which contains active components such as triterpenoid 
saponins (I) and sesquiterpene glucoside (II), was found 
to have stronger larvicidal and pupicidal effects, resulting 
in the death of all A. rugioperculetus developmental 
stages. Koodalingam et al. (2009). Who explained the 
superiority of soapnut powder against stages of the A. 

aegypti mosquito, con昀椀rmed the 昀椀ndings.

I. fumosorosea NBAIR, pfu-5 infested nymph and adult

Plate 1. Mycosis of Entomo pathogenic fungi against RSW nymphs and adults

Gasteracantha geminata

Family: Araneidae

Oxyopes spp.

Family: Oxyopidae

Plexippus spp.

Family: Salticidae
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Tetragnatha spp.

Family: Tetragnathidae

Peucetia spp.

Family: Oxyopidae

Argiopeanasuja

Family: Araneidae

Carrhotusviduus

Family: Salticidae

Phintelloides spp.

Family: Salticidae

Gasteracantha spp.

Family: Araneidae

Brettuscingulatus

Family: Salticidae

Telamoniadimidiata

Family: Salticidae

Hyllus semicupreus

Family: Salticidae

Plate 2. Documentation of natural enemies (Spiders)

Thus, considering all aspects in the present study 
azadirachtin 10,000 ppm or I. Fumosorosea are 
recommended but in view of low cost of I. Fumosorosea 

and possibility of natural epizootics during favourable 
conditions provides us the best option for the management 
of RSW.

ACKNOWLEDGEMENTS

The 昀椀rst author is highly thankful to staff of Dr. YSR 
HU- HRS, Ambajipeta for providing all the necessary 
facilities. The author also acknowledges Dr. Sampath 
Kumar, Senior Scientist (Entomology), ICAR-NBAIR, 
Bangalore for extending his help in the identi昀椀cation of 
the spiders.  

REFERENCES

Ahuja, S. C., Ahuja, U. and Ahuja, S. 2014. Coconut 
- history, uses, and folklore. Asian Agricultural 

History, 18(3): 221-244.

Alagar, M., Siva, K.V., Praneetha, S., Chinnadurai, K., 
Josephraj, K. A. and Maheswarappa, H. P. 2021. 
Ecofriendly Management of rugose spiralling 
white昀氀y, Aleurodicus rugioperculetus Martin 
infesting coconut. Indian Journal of Entomology, 1-4.

Ali, S., Huang, Z. and Ren, S. 2010. Production of 
cuticle degrading enzymes by Isari fumosorosea 

and their evaluation as a biocontrol agent 

P. V. Raghuteja et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 133-139 (2024)



139

against diamondback moth. Journal of Pest 

Science, 83: 361-370.

Boopathi, T., Palaniappan, K., Soibam, B. S., 
Manickavasagam, K., Mohankumar, S. and  
Madhaiyan, R. 2015. Microbial control of the 
invasive spiralling white昀氀y on  cassava with 
entomopathogenic fungi.Brazilian Journal of 

Microbiology, 46:  1077–1085.

Chalapathi, N. B. V. R., Rakshith, R. D., Krishna, 
R. G. and Ramanandam, G. 2018. A  review 
on rugosespiralling white昀氀y, Aleurodicus 

rugioperculetus Martin (Hemiptera:  Aleyrodidae) 
in India. Journal of Pharmacognosy and 

phytochemistry, 7(5): 948-953.

Chalapathi, N. B. V. R., Ramani, B. S. L., Roshan, R. 
D. and Bhagavan, B. V. K.  2020. Biocontrol 
management options for invasive white 昀氀ies on 
Coconut. Indian Coconut  journal, 63 (4): 19-24.

Chandrika, M., Josephraj, K.A., Anjali, A.S., Merin, B. 
and Hegde, V. 2017. Invasive rugose spiralling 
white昀氀y infesting coconut palms in India.

Chowdappa, P., Hedge, V., Chandrika, M., Josephraj, 
K.A. and Merin, B. 2018. Pest and  disease free 
coconut. Indian Coconut Journal, 61 (2): 24-28.

Copping, L. G. and Duke, S. O. 2007. Natural products 
that have been used commercially as crop 
protection agents a review. Pest Management  

Sciences, 63: 524-554.

Elango, K. and Nelson, J. S. 2020. Ef昀椀cacy of 
Biopesticides against coconut rugose spiralling 
white昀氀y, Aleurodicus rugioperculetus Martin 
under Laboratory Conditions. Biopesticides 

International, 16(1): 21-26.

Gundappa, Kamala, P. D. J. and Abraham, V. 2013. 
Management of spiralling white昀氀y, Aleurodicus 

dispersus (Russel) in guava, Psidium guajava L. 
Pest Management in  Horticultural Ecosystems, 
19 (1): 102-105.

Koodalingam, A., Periasamy, M. and Munusamy, A. 
2009. Antimosquito activity of aqueous kernel 
extract of soapnut, Sapindus emarginatus: impact 
on various developmental stages of three vector 
mosquito species and non-target aquatic insects. 
Parasitology  Research, 105: 1425–1434.

Krishnarao, G. and Chalapathi, N. B. V. R. 2019. 
Surveillance and eco-friendly management of 
new invasive alien pest, rugose spiralling white昀氀y, 
Aleurodicus rugioperculetus Martin: Inherent 

Menance. Journal of Applied Zoological Research. 

30(2): 148-158.

Neeraja, B., Chalapathi, N. B. V. R. and Bhagavan, B. V. 
K. 2020. Occurrence of leaf blight– a new concern 
to coconut plantations in Andhra Pradesh. The 

Indian Coconut Journal, 63 (4): 28-29.

Raghuteja, P.V., Chalapathi, N. B. V. R., Padma, E. And 
Kireeti, A. 2023. Immature nut fall of coconut 
and incidence of Rugose Spiraling White昀氀y, 
Aleurodicus rugioperculetus Martin. Indian 

Journal of Entomology, 1-4. 

Raghuteja, P.V., Chalapathi, N. B. V. R., Padma, E., 
Kireeti, A., Umakrishna, K. and  Rao, G. K. 2023. 
Yield loss in coconut variety East Coast Tall 
(ECT) owing to rugose spiralling white昀氀y (RSW), 
Aleurodicus rugioperculetus M. infestation. 
Phytoparasitica.  51(3).

Raghuteja, P.V., Emmanuel, N., Sujatha, A., Umakrishna, 
K., Viji, C.P. and Patro, T.S.S. K. 2020. Impact 
of IPM and non-IPM practices on sucking pest 
complex and natural enemies of okra (Abelmoschus 

esculentus L.) pests. Journal of Entomology and 

Zoology Studies, 8(4): 487-495.

Selvaraj, K., Sumalatha, B.V., Ramanujam, B., 
Poornesha, B., Kandan, A., Amala, U. and  
Bakthavatsalam, N. 2020. Isarea fumosorosea: 
a Potential Biocontrol Agent for management of 
Invasive Rugose Spiralling White昀氀y in coconut 
and oil  palm. ICAR: NBAIR publication. 11/2020.

Srinivasan, T., Rajamanickam, K.,  Ramjegathesh, R. and 
Venkatesan, K. 2017. Eco friendly management of 
invasive coconut rugose spiralling white昀氀y in Tamil 
Nadu. Indian Coconut Journal, 60 (8): 21-23.

Srinivasan, T., Saravanan, P. A., Josephraj, K. A., 
Rajamanickam, K., Sridharan, S., David,  P. M. 
M., Natarajan, N. and Shoba, N. 2016. Invasion 
of the rugose spiralling white昀氀y, Aleurodicus 

rugioperculetus Martin (Hemiptera: Aleyrodidae) 
in Pollachi tract of Tamil Nadu, India. Madras 

Agricultural Journal, 103: 349-353.

Thangavel, B., Palaniappan, K., Manickavasagam Pillai, 
K., Subbarayalu, M. and Madhaiyan, R., 2013. 
Pathogenicity, ovicidal action, and median lethal 
concentrations (LC50) of entomopathogenic fungi 
against exotic spiralling white昀氀y, Aleurodicus 
dispersus Russell. Journal of Pathogens, 393787.

MS Received: 12 April 2024

MS Accepted: 31 May 2024

Management of rugose spiraling white昀氀y

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 133-139 (2024)



140
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ABSTRACT: Studies were conducted to assess the crop loss in Coleus, Plectranthus rotundifolius, a short duration 
tuber yielding vegetable, due to infestation of root knot nematode, Meloidogyne incognita. Plants inoculated with 

5000 J
2
 showed 50.78% reduction in the yield of coleus. Five local collections (Alur, Mankada, TCM-9, M-131 and 

Pulamanthol) and two improved varieties (Sree Dhara and Nidhi) were screened for relative tolerance to M. incognita. 
Local collection, Alur showed signi昀椀cant superiority in reducing the nematode population in soil and root. Lowest root-
knot index (1.00) and reproduction factor (0.39) was recorded by the Alur collection compared to improved varieties.  
Defence enzyme activity and phenolic content in the resistant variety Alur collection was signi昀椀cantly higher than the 
improved varieties. Considering the ability to resist nematodes and yield potential, the local variety Alur collection can 
be used in breeding programmes to develop high yielding nematode resistant varieties suitable for cultivation in Kerala.  

Keywords: Plectranthus rotundifolius, Meloidogyne incognita, growth parameters, yield, biochemical parameters, 
microplot studies.

INTRODUCTION

Chinese potato or coleus, Plectranthus rotundifolius 
(Poir.) Spreng is an under exploited tuber yielding 
vegetable, with high marketing potential. The tubers are 
rich in carbohydrates (18-21%), minerals like calcium 
and iron, vitamins like thiamine, ribo昀氀avin, niacin 
and ascorbic acid. In Kerala, it is mainly cultivated 
in Northern districts, but nowadays the demand for 
tubers fuelled the cultivation in Southern district also. 
The incidence of pests viz., plant parasitic nematodes, 
rodents, stem borer and leaf folder are major constraints 
in the cultivation of coleus. The crop losses caused by 
nematodes in tuber crops are more severe than other 
cultivated crops as nematodes on these crops not only 
reduce their yield but also affect quality of the tubers as 
nematodes feed directly on the tubers. Infested tubers 
are smaller in size, often malformed with irregular 
wart like protuberances on the tuber surfaces and all of 
these reduce the marketability of the tubers. Besides, 
nematodes continue to multiply inside tuber after 
harvest during transportation and storage. Root-knot 
nematode, Meloidogyne incognita (Kofoid and White, 
1919) Chitwood, 1949 infestation was reported in P. 

rotundifolius from Kerala by Sathyarajan et al. (1966) 
and among the pests, M. incognita found to be the serious 
limiting factor in the production of P. rotundifolius. 
Due to the attack of M. incognita in P. rotundifolius, 
conspicuous galls like swellings are formed in the roots 
and tubers.  Heavily infested tubers start rotting while 

less infested ones shrunk and develop more prominent 
galls during storage (Mohandas and Ramakrishnan, 
1998).

Since coleus is a short duration crop and tubers being 
the consumable part, application of chemical pesticides 
in soil results in very high level of pesticide residues 
in tubers, contamination of ground water and adverse 
effect on non-target organisms. Crop loss assessment 
and identi昀椀cation of nematode resistant varieties is 
highly essential for formulation of environment friendly 
management strategy. Hence the present study was 
undertaken to assess the crop loss in P. rotundifolius 
due to M. incognita, screen coleus cultivars against M. 

incognita and to estimate the biochemical changes in 
tolerant and susceptible cultivars due to M. incognita 
infestation.

MATERIALS AND METHODS 

Identi昀椀cation of M. incognita

M. incognita was identi昀椀ed by preparing the perineal 
pattern of female nematode ((Taylor and Netscher, 
1974) and observing under stereo microscope. Root-
knot nematode infected plants were collected from 
Department of Nematology, College of Agriculture, 
Vellayani and the roots were gently washed with water. 
Mature female nematodes (25 no’s) were collected from 
the galls in roots using sterilized forceps and kept in 45% 
lactic acid. The anterior part of the nematode body was 
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 
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cut off by using a scalpel and gently pressed to remove 
the inner tissues. The posterior part of the nematode 
body was cut and the cut portion was kept in 45% lactic 
acid. The posterior cuticular part was trimmed into 
a square shape with the perineal pattern in the centre. 
The perineal pattern was transferred onto a microscope 
slide in a small drop of glycerine and was aligned as 
anus oriented downward. A coverslip was placed over it. 
The perineal pattern was observed and the species was 
identi昀椀ed with the help of identi昀椀cation keys given by 
Eisenback (1985).

Maintenance of pure culture of M. incognita

M. incognita juveniles used in this study was collected 
from pure culture maintained in tomato plants (variety-
Vellayani Vijay) kept in the glass house of Department 
of Nematology, College of Agriculture, Vellayani. Viable 
egg masses adhering on the root surface were hand-
picked from the infested roots and transferred to a beaker 
containing sterile water. Second stage juveniles (J

2
) 

hatched were collected after 3 to 5 days and inoculation 
in the root zone was done as per the method of Venkitesan 
and Sethi (1977). Sub culturing of nematode was done 
periodically for maintaining the pure culture.

Effect of different inoculum levels of M. incognita on 

crop loss

A microplot experiment was conducted at Department 
of Nematology, College of Agriculture, Vellayani to study 
the effect of different inoculum levels of M. incognita on 
growth, yield and quality parameters of P. rotundifolius. 

Microplots of size 1mx1m were 昀椀lled with denematised 
potting mixture prepared by mixing soil, sand and farm 
yard manure in 2:1:1 ratio. Cuttings of coleus raised in 
nursery were transplanted at a spacing of 30 cm between 
rows and plants. Fifteen days after planting newly 
hatched M. incognita juveniles (J

2
) were inoculated to 

the rhizosphere of the cuttings @100, 500, 1000 and 
5000. Each treatment was replicated four times and the 
experiment was laid out in Completely Randomized 
Design. Uninoculated plants served as control. The 
results were assessed in terms of biometric characters, 
yield and quality parameters. Growth parameters viz. 
plant height, plant spread, number of branches and leaves 
were recorded at 1, 2, 3, 4 and 5 months after inoculation 
(MAI). Yield parameters viz. number of tubers/plant 
(total and marketable), weight of tubers/plant (total, 
marketable and edible portion), size of tubers in term of 
diameter and total yield/plot were recorded at the time of 

harvest. The quality parameters viz. protein, starch, sugar 
and crude 昀椀bre of tubers infested with different inoculum 
levels of M. incognita were estimated adopting standard 
procedures. The tubers were dried in a hot air oven at 
700C and were ground to pass through 0.5 mm mesh 
in a willey mill. The protein and starch content were 
estimated by modi昀椀ed micro-kjeldahl method (Jackson, 
1973) and potassium ferry cyanide method (Pigman, 
1970). The standard procedure suggested by A.O.A.C 
(1969, 1975) were followed to estimate sugar and crude 
昀椀bre content.

Screening of coleus cultivars against M. incognita 

Five local collections of coleus (Alur, Mankada, 
TCM-9, M-131, Pulamanthol), one KAU released 
variety (Nidhi) and one variety released from Central 
Tuber Crops Research Institute, Sreekaryam (Sree 
Dhara) were screened against M. incognita under 
pot culture condition in Department of Nematology, 
College of Agriculture, Vellayani during 2022-2023. 
Well-developed mature healthy disease-free tubers were 
selected and washed in running water to remove the 
soil particles. The cuttings from plants raised in nursery 
were transplanted in pots containing 5 kg denematized 
potting mixture prepared by mixing red soil, sand and 
farm yard manure in 2:1:1 ratio. The trial was laid out in 
completely randomized design replicated thrice with 昀椀ve 
plants in each replication. Egg masses of M. incognita 
(pure culture maintained in tomato plants) were picked 
from roots using needle and transferred to a beaker 
containing distilled water. The hatched second stage 
juveniles @2/g soil were inoculated to the rhizosphere 
of the cuttings 昀椀fteen days after transplanting. The plants 
were watered regularly and kept in glass house at 27-
300C. Three months after nematode inoculation, the 
plants were uprooted and observations on number of 
galls, females, egg masses, eggs/egg mass and nematode 
population were recorded. Root -knot indexing was done 
in 0-5 scale of Taylor and Sasser (1978). Nematode 
population in soil was estimated by Cobb’s sieving and 
decanting technique followed by modi昀椀ed Baermann’s 
funnel technique (Southey, 1986). Five-gram root was 
collected from each plant and stained using acid fuchsin 
lactophenol method (Franklin and Goodey, 1949) and 
number of females present were counted.  The number of 
egg masses in the root (5g) was estimated by immersing 
the roots in Phloxine B solution (0.15 g Phloxine B in IL 
water) for 15 minutes to stain egg masses and number 
of eggs per egg masses were estimated by following the 
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method of Byrd et al. (1983).  The reproduction factor 
(RF) was calculated according to Oostenbrink’s formula 
(RF=Pf/Pi ; Pf-昀椀nal population; Pi-Initial population) 
(Oostenbrink, 1966)

Assessment of biochemical response of coleus 

cultivars to M. incognita infection

  Biochemical basis of resistance in the resistant and 
susceptible cultivars was assessed by estimating changes 
in total phenols, peroxidase (PO), polyphenol oxidase 
(PPO) and phenylalanine ammonia lyase (PAL) in the 
roots and leaves of plants three months after inoculation 
of nematode. The phenol content was estimated by 
adopting standard method described by Bray and Thorpe 
(1954) using Folin- Ciocalteu reagent and measuring 
absorption at 650 nm in a spectrophotometer. PO activity 
was assessed using spectrophotometric method described 
by Srivastava (1987). PPO and PAL activity was assayed 
according to the procedure described by Mayer et al. 
(1966) and Dickerson et al. (1984) respectively.  The 
data generated were subjected to analysis of variance 
(ANOVA) (Cochran and Cox, 1965). 

RESULTS AND DISCUSSION

Effect of different inoculum levels on crop loss

The effect of different inoculum levels of M. 

incognita on the growth parameters (plant height, 
plant spread, number of branches and leaves) of P. 

rotundifolius showed signi昀椀cant variation compared 
to the uninoculated control plants (Fig 1). There was 
signi昀椀cant reduction in plant height from 3 to 5 MAI 
at lowest inoculum level of 100 J

2
. During the second 

and third month, there was signi昀椀cant reduction in plant 
height at 500 J2 ranging from 14.44 to 24.24.  Highest 
reduction (37.78 to 45.45 %) was recorded by 5000 J

2
 

inoculated plants from one to 昀椀ve MAI. This was in 

accordance with the 昀椀ndings of Abbasi and Hisamuddin 
(2014) who reported signi昀椀cant reduction in plant height 
with increasing inoculum levels of M. incognita in green 
gram. Kumar (2004) reported 17.00 to 25.00 % reduction 
in hight of plants of Plumbago rosea at 10000 J

2
 level 

of M. incognita six months after inoculation onwards. 
In this study, even at lowest inoculum of 100 and 500 
J

2
 signi昀椀cant reduction in plant height was observed 

indicating the high susceptibility of P. rotundifolius to 
M. incognita infestation. Regarding plant spread also, 
progressive reduction was observed with increase in 
inoculum levels. At lowest nematode inoculum level 
of 100 J

2, 
the plant spread was 43.25 cm at 1MAI while 

plants inoculated with 5000 J
2
 recorded plant spread of 

28.75 cm. Similar trend was observed in 2, 3, 4 and 5 
MAI also with inoculum levels of 100 J

2
 (49.25 to 73.75 

cm), 500 J
2
 (45.50 to 65.50 cm), 1000 J

2
 (39.25 to 55.50 

cm) and 5000 J
2 
(28.75 to 46.25 cm). Highest reduction 

in plant spread was recorded in plants inoculated with 
5000 J

2 
(41.75 to 45.91% over uninoculated) from 1 to 

5 MAI. With respect to number of branches and leaves 
also an increase in percent reduction was recorded from 
1 to 5 MAI with increase in inoculum levels. Highest 
reduction in number of leaves was observed in 5000 J

2
 

inoculated plants (15.67 to 47.16%). The mean number 
of branches ranged from 24.25 to 74.00 at lowest 
inoculum level of 100 J

2
 while at highest inoculum level 

(5000 J
2
) it ranged from 16.75 to 42.50. Kumar (2004) 

reported 24.00 per cent reduction in number of branches 
of Plumbago rosea at 100 J

2
 inoculum level at the time 

of harvest.  At 1MAI, lowest number of leaves (275.00) 
was recorded in plants inoculated with 5000J

2,
 while in 

plants inoculated with lowest inoculum level (100 J
2
) 

mean number of leaves was 358.50. Similar 昀椀ndings 
were reported by Nalinakumari et al. (1995) and Kumar 
(2004) in betel vine (57 to 68 %) and chethikoduveli (16 
to 29 %) respectively. 

               

A. Effect on plant height    B. Effect on plant spread
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C. Effect on number of branches D. Effect on number of leaves

Fig.1. Effect of different levels of M. incognita on the growth parameters of P. rotundifolius at 

different intervals after inoculation

A progressive decrease in yield parameters was 
noticed with increase in inoculum levels of M. incognita. 
Statistically signi昀椀cant difference was observed in 
number and weight of tubers (total and marketable) at 
different inoculum levels (100, 500, 1000 and 5000).  
The percentage reduction over uninoculated in number 
and weight of total and marketable tubers at different 
inoculum levels ranged from 15.77 to 61.41. The size 
of tubers also showed signi昀椀cant variation at different 
inoculum levels. The tuber size in plants inoculated with 
100 J

2
 was 9.50 cm while in uninoculated it was 15.25 

cm. The weight of edible portion ranged from 195.00 
to 312.50 g/plant at different inoculum levels while in 
uninoculated it was 388.75g. Per plot yield was lowest 
in 5000 J

2
 inoculated plants (2.51 kg) while in plants 

inoculated with lowest inoculum level of 100 J
2 

it was 
4.71 kg (Table 1). These 昀椀ndings are in accordance to 
Mohandas and Ramakrishnan (1997) who reported 
signi昀椀cant reduction in yield of Dioscorea rotundata at 
an inoculum level of 100 J

2
. 

The quality parameters of tubers (protein, starch, 
sugar and crude 昀椀bre) also differed signi昀椀cantly in tubers 
of plants inoculated with different inoculum levels of M. 

incognita. An increase in protein content in tubers was 
recorded with increased inoculum level of M. incognita. 
Highest protein content was observed in tubers of plants 
inoculated with 5000 J

2
 (8.49 g/100 g dry weight of 

tuber) while in uninoculated control plants it was 7.42 
g. The increase in protein content of tubers in different 
levels of inoculum ranged from 12.94 to 14.42%. This 
may be due to the function of defense mechanism of the 

plant. This 昀椀nding was in line with Paulson and Webster 
(1972), who reported increased protein synthesis in 
hypersensitive cells in tomato galls. Arya and Tiagi (1982) 
reported increased protein content in infested cells of 
carrot. Higher rate of protein synthesis by plants during 
invasion of nematodes as means of defence response 
in bitter gourd was reported by Gautam and Podder 
(2014). There was signi昀椀cant variation in the starch 
content of P. rotundifolius tubers at different inoculum 
levels compared to the uninoculated (18.36 g/100 g dry 
weight of tubers). The effect of 5000, 1000, 500 and 100 
J

2
 levels was statistically independent with mean starch 

content of 12.24, 15.62, 16.54 and 17.70 g/100 g dry 
weight of tuber respectively (Table 1). This decrease in 
starch content due to increase in inoculum level of M. 

incognita could be due to the increased amylase activity. 
Orion and Bronner (1973) reported localized strong 
amylase activity and decreased starch content within the 
giant cells of the tomato galls. Mahapatra and Nayak 
(2019) reported signi昀椀cant reduction in starch content of 
bitter gourd due to M. incognita infestation. In the case of 
sugar content of tubers, there was statistically signi昀椀cant 
variation between different inoculum levels (3.07 to 
3.42 g/100g dry weight of tuber) and uninoculated (3.72 
g/100g dry weight of tuber). The tubers of 500 and 100 
J

2
 inoculated plants showed 15.86 and 8.06% reduction 

in sugar content over the uninoculated and these effects 
were statistically on par. The percentage reduction in 
sugar content at 1000 and 5000 J

2
 levels was 17.20 and 

17.47 respectively. Roy (1979) reported the localization 
of invertase in the oesophagus and the intestine of the 
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nematode parasite and suggested the possibility of its 
secretion by the nematode into the host tissue resulting in 
changed carbohydrate metabolism during the course of 
host parasite interaction. The 昀椀nding of these experiments 
was supported by Pandey et al. (2017) who reported 
signi昀椀cant reduction in total sugar content in green gram 
due to the infestation of M. incognita. Regarding crude 
昀椀bre content also, there was signi昀椀cant reduction with 
increase in inoculum levels and the percentage reduction 
over uninoculated varied from 18.99 to 62.03 %. The 
decrease in crude 昀椀bre content of tubers with increase in 
inoculum level of M. incognita may be due to the poor 
absorption and storage of nutrients by infested plant 
roots. This 昀椀nding was in tune with Sunilkumar (2016) 
who reported per cent reduction of 5.70, 5.49, 10.71 
and 19.01 in the crude 昀椀bre content of ginger rhizome 
after inoculation with 100, 500, 1000 and 10000 J

2
 of M. 

incognita respectively.

Screening of coleus cultivars against M. incognita 

 Data on reaction of cultivars of P. rotundifolius to M. 

incognita in terms of nematode population characteristics 
showed statistically signi昀椀cant variation (Table 2). 
The performance of local cultivar Alur collection was 
signi昀椀cantly superior to all other cultivars with lowest 
number of M. incognita juveniles in soil (128.33/200cc) 
and root (10.67/5g). Total nematode population also 
varied signi昀椀cantly between different cultivars of P. 

Table 1. Effect of different levels of M. incognita on yield and quality parameters of P. rotundifolius at harvest

Levels of 

inoculum

Yield parameters (per plant) Quality parameters (g/100g  dry 

weight of tuber)

Total 

number 

of tubers 

Total 

number of 

marketable 

tubers 

Size of 

tubers 

(cm)

Weight 

of total 

tubers 

(g)

Weight 

of total 

marketable 

tubers (g)

Weight 

of edible 

portion of 

tubers (g)

Yield 

per 

plot 

(Kg)

Protein Starch Sugar Crude 

昀椀bre 

100 J
2

74.75b 60.25b 9.50b 425.00b 340.00b 312.50b 4.71b 8.38a 17.70b 3.42b 1.28b

500 J
2

62.50c 51.00c 13.50a 376.25c 320.00c 261.75c 3.70c 8.41a 16.54c 3.13c 1.01c

1000 J
2

53.75d 39.00d 14.75a 357.50d 260.00d 227.50d 2.60d 8.42a 15.62d 3.08c 0.67d

5000 J
2

44.75e 28.75e 15.50a 290.00e 223.75e 195.00e 2.51d 8.49a 12.24e 3.07c 0.60d

Uninoculated 88.75a 74.50a 15.25a 527.50a 405.00a 388.75a 5.10a 7.42b 18.36a 3.72a 1.58a

CD 0.05 3.036 3.622 2.767 7.603 6.778 10.256 0.232 0.168 0.083 0.140 0.087

*Mean of four replications

rotundifolius. Regarding number of females, eggs and egg 
masses also, Alur collection recorded lowest number and 
showed signi昀椀cant superiority to other cultivars.  Lowest 
root-knot index (2.00) and reproduction factor (0.39) was 
recorded in Alur collection while in susceptible cultivar 
Pulamanthol collection it was 4.00 and 2.75 respectively. 
Based on root-knot index and reproduction factor, Alur 
collection was rated resistant and Sree Dhara, TCM-
9 and M-131 were rated as moderately resistant to M. 

incognita. Ankita (2019) evaluated 30 genotypes of P. 

rotundifolius and reported Kenichira local, Suphala, CP-8 
and Edayur as resistant to M. incognita. Resistance of 
Alur collection to M. incognita infestation was reported 
昀椀rst time in this study.  The potential of Alur collection to 
resist the attack of M. incognita was directly re昀氀ected in 
the biometric characters and yield also. Regarding plant 
height, no. of leaves, no. of branches, weight of shoot and 
root, Alur collection outperformed the other cultivars. 
Highest number and weight of tubers was recorded in 
Alur collection with 27.24 to 28.82% increase over 
susceptible cultivar, Pulamanthol collection (Table 3). 
This observation in this study is in line with Kanakam 
et al. (2019).  The signi昀椀cant difference in nematode 
population, biometric characters and yield observed 
between the local collection, Alur and other cultivars 
may be due to the presence of resistance traits in the 
resistant cultivar. 
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Table 2. Population build-up of M. incognita in different cultivars of P. rotundifolius

Cultivar Final Nematode Population Total 

nematode 

population 

Reproduction 

factor 

No. 

of egg 

masses 

(5g root)

No. of 

eggs/ egg 

mass

Gall 

index 

Reaction 

Soil

(200cc)

Root

(5g)

Females

(5g root)

Nidhi 683.67

(26.09)b

88.67

(9.41)a

90.00

(9.49)a

862.33

(29.33)b

2.16b 32.00

(5.64)a

191.33

(13.83)b

4 S

Alur 

collection

128.33

(11.33)e

10.67

(3.25)d

16.67

(4.08)d

155.67

(12.48)f

0.39e 8.33

(2.87)d

115.53

(10.74)f

2 R

Pulamanthol 

collection

921.33

(30.34)a

91.33

(9.56)a

91.67

(9.57)a

1101.00

(33.17)a

2.75a 31.67

(5.62)a

203.33

(14.26)a

4 S

Sree Dhara 775.00

(27.83)b

62.67

(7.91)b

35.67

(5.95)b

873.33

(29.54)b

2.19b 22.67

(4.74)bc

167.00

(12.92)c

3 MR

Mankada 550.67

(23.43)c

93.67

(9.68)a

96.67

(9.83)a

741.00

(27.19)c

1.85c 28.33

(5.32)ab

197.33

(14.05)ab

4 S

TCM-9 361.67

(18.98)d

61.67

(7.85)b

33.33

(5.77)b

456.67

(21.34)d

1.14d 21.67

(4.64)bc

155.33

(12.46)d

3 MR

M131 278.33

(16.65)d

47.33

(6.88)c

22.67

(4.76)c

348.30

(18.64)e

0.87d 17.67

(4.19)c

128.00

(11.31)e

3 MR

CD (0.05) (2.348) (0.510) (0.583) (2.119) 0.291 (0.833) (0.402)

Figures presented in the paranthesis are square root transformed

Table 3. Growth and yield parameters of different coleus cultivars infested with M. incognita

Cultivar *Plant 

height 

(cm)

*No. of 

leaves

*No. of 

branches

*Weight of 

shoot (g)

*Root 

weight (g)

*No. of           

tubers / 

plant

*Weight of 

tubers/plant (g)

Nidhi 35.67f 509.67g 33.00e 208.00f 12.33d 51.67d 370.00g

Alur 
collection

67.33a 676.67a 49.33a 490.67a 24.33a 73.00a 540.33a

Pulamanthol 
collection

39.00ef 541.33f 36.00d 232.67f 13.00d 56.67c 424.67f

Sree Dhara 47.67d 597.67d 38.67cd 338.00d 17.00bc 60.33bc 493.00d

Mankada 42.33e 567.33e 37.33d 296.33e 16.33c 58.33c 472.33e

TCM-9 52.67c 614.00c 40.33c 393.00c 17.67bc 63.00b 505.33c

M131 60.33b 638.67b 44.33b 423.67b 19.67b 64.33b 518.33b

CD (0.05) 3.462 8.316 2.849 25.099 3.024 4.317 10.863

*Mean of three replications
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The biochemical basis of resistance was assessed in 
terms of phenol content and defence enzyme activity. 
Alur collection recorded highest phenol content both in 
leaf (1.32 mg of catechol/ g tissue) and root (6.50 mg 
of catechol/ g tissue) and it was statistically on par with 
moderately resistant cultivar M-131 giving 1.21 and 6.39 
mg of catechol/ g tissue respectively (Table 4). Regarding 
defence enzymes viz. PO, PPO and PAL, Alur collection 
recorded highest activity both in leaf and root compared 
to other varieties. The percentage increase over the 
susceptible cultivar, Pulamanthol collection ranged from 
21.19 to 60.40.  Similar 昀椀ndings were reported Das et 

al. (2011) in banana who reported increased activity of 
PO, PAL and PPO in roots of resistant banana hybrids 
compared to susceptible ones. 

The present investigation revealed that M. incognita 
infestation in coleus have a signi昀椀cant impact on the 
growth and yield characteristics of the plant and also on 
the quality parameters of its tubers. Screening of different 
cultivars of coleus against M. incognita revealed that 
Alur collection is the resistant variety which performed 
better in reducing the multiplication of nematodes and 

increasing the yield and quality parameters. This study 
concludes that M. incognita infestation in coleus could 
result in signi昀椀cant crop loss and quality deterioration of 
tubers by directly or indirectly affecting its growth and 
biochemical parameters. The phenol and defence enzyme 
activities were found higher in roots and leaves of Alur 
collection compared to susceptible cultivar, Pulamanthol 
collection. Alur collection can be utilized in breeding 
programmes for developing high yielding varieties.
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ABSTRACT: The nematode antagonistic bacterium, Pasteuria penetrans is one of the proven and highly ef昀椀cient 
biocontrol agents. A study was conducted to understand the in昀氀uence of various abiotic factors. Five different soil 
types viz., alluvial, black, red, laterite and sandy were 昀椀lled in paper cups (200g/cup) and freshly hatched second stage 
juvenile (J2) of root knot nematode, M. incognita (1000 J2/cup) along with 10 mg of root powder (1.84 x 106 spores/g) 
was thoroughly mixed and incubated at 25°C for 48 h. The parasitization was higher (95.5%) in sandy soil with a clay 
content of 6.0 per cent. Spore attachment of P. penetrans at four levels of temperatures viz., 15, 20, 25 and 30°C in red 
loamy soil was tested.  Signi昀椀cant in昀氀uence of temperature was observed in parasitization of second stage juvenile 
under 250C (90.2%).  A glasshouse experiment was conducted to study the in昀氀uence of nematicides. Application of 
carbofuran along with P. penetrans increased the rate of parasitisation which was 83.1 per cent as against 61.0 per cent 
in P. penetrans treatment only. In昀氀uence of root exudates of host and non-host plants of M. incognita was tested on the 
parasitizing ability. The parasitizing ability signi昀椀cantly increased by 4.5 per cent in tomato root exudates and by 4.0 per 
cent in coleus. The host plant had in昀氀uence over the number of spore attachment on J2. The results of these experiments 
paved way to exploit the nematode bacterial hyper parasite, P. penetrans for managing plant parasitic nematodes under 
varied soil environmental conditions.

Keywords: Root knot nematode, Pasteuria penetrans, soil type, temperature, nematicides, spore attachment, root 
exudates

INTRODUCTION

Plant parasitic nematodes are one of the limiting 
factors in crop productivity. Most of the horticultural 
crops are susceptible to nematodes and cause 10 – 15% 
yield loss. Chemical nematicides are widely used for 
nematode management. Some of the major nematicides 
were withdrawn from market due to their harmful effects 
to soil and environment. Pasteuria penetrans is a potential 
bacterial hyper parasite of nematodes. Biological control 
potential of this bacterium has been proved by many 
Nematologists in India (5, 11) and abroad. The endospores 
of P. penetrans can tolerate various temperature regimes, 
moisture levels, pH and chemicals. This research paper 
describes the parasitisation potential of P. penetrans 
on root knot nematode, Meloidogyne incognita under 
various abiotic stresses. 

MATERIALS AND METHODS

Soil Type 

In昀氀uence of soil type on the activity of P. penetrans 

was carried out in 昀椀ve different type viz.,  alluvial, black, 
red, laterite and sandy. Plastic cups (250g capacity) 
were 昀椀lled with sterilized soils (200g/cup) of the above 

mentioned types separately. Freshly hatched juveniles 
(J2) of M. incognita (1000 J2/cup) along with 10 mg of 
root powder (P. penetrans @ 1.84 x 106 spores / g) was 
thoroughly mixed with soil and incubated at 25ºC for 48 
h. Soil was maintained with 25 per cent moisture level 
by adding 50 ml water. Each treatment was replicated six 
times. The nematodes in each replicate were extracted 
by using a combination of sieving and Baermann funnel 
technique and the number of spores attached/J2 and 
percentage of parasitisation were assessed. The soil 
texture, 昀椀eld capacity, pH, EC and organic matter were 
analysed as per standard methods.

Temperature

Interaction between P. penetrans and M. incognita 
was determined under four levels of temperatures viz., 
15, 20, 25 and 30ºC on red loamy soil. Plastic cups were 
昀椀lled with sterilized soil (200 g/cup) and thoroughly 
mixed with 100 J2 of M. incognita along with 10 mg 
root power / cup (1.84 x 106 spores/g) and incubated 
at the above mentioned temperatures for 48 h. Each 
level of temperature was replicated eight times. The 
spore attachment percentages on J2 were recorded after 
extraction of nematodes from soil.
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Nematicides

Glasshouse experiment

A glasshouse experiment was conducted to study the 
in昀氀uence of nematicides on P. penetrans. Sterilized soil 
was 昀椀lled in 2.5 kg clay pots and 3-week-old tomato 
cv. Co 3 seedlings were transplanted. The following 
treatments were given three days after transplanting.

T1- M. incognita 5000 J2 / pot
T2 - M. incognita 5000 J2 / pot + P. penetrans root 
power 10 mg /pot @1.84 x 106 spores / g
T3 - M. incognita 5000 J2 / pot + carbofuran 3 mg /
pot
T4 - M. incognita 5000 J2 / pot + P. penetrans root 
power 10 mg @1.84 x 106 spores / g+ carbofuran 3 
mg/ pot

Each treatment was replicated 昀椀ve times and 
completely randomised. Plant biometric observations, 
soil and root nematode population, number of J2 
parasitized and number of spores attached per J2 were 
recorded at 60 days after transplanting.

 Root exudates

Root exudates of tomato (Lycopersicon esculentum 

Mill), Chilli (Capsicum annuum L.), Cowpea (Vigna 

unglciculata L.), coleus (Coleus blumi, Benth), marigold 
(Tagetes patula L.), maize (Zea mays L.)., (Sorghum 

vulgare L.) and sun昀氀ower (Helianthus annus L.) were 
collected 35-40 days after germination. Root exudates 
of each plant species was taken individually in 5 cm 
Petr idish (5 m l / dish). Freshly hatched 500  J2 of M. 

incognita and 10 mg root powder (1.84 x 106 Pp spores 
/ g) per dish were added and gently mixed with the root 
exudates and incubated at 25º C for 48 h. Tap water was 
used as control. A completely randomised block design 
with eight replicates was adopted. The percentage of 
individual J2 parasitized and the numbers of spores 
attached per J2 were recorded.

RESULTS AND DISCUSSION

In昀氀uence of different abiotic factors and root exudates 
on parasitization of bacterial parasite, P. penetrans is 
elaborated below.

Soil type

The texture of soils varied from sandy to clay loam 
with the clay content varying from 6 per cent to 25.9 
per cent. The percentage of parasitisation was high 
in sandy soil (95.5) with a clay content of only 6.0 
per cent and the least in laterite soil (71.0) with a clay 
content of 25.9 per cent (Table 1 & 2). The relationship 

Table 1. Properties of different types of soil used for parasitisation study

Soil types
Coarse 

sand (%)

Fine Sand 

(%)

Silt 

(%)

Clay 

(%)

Field 

Capacity
pH

EC 

dSm-1

OM 

(%)

Alluvial (sandy loam) 20.9 32 26 19.5 28.5 9.1 1.05 0.83

Black cotton (clay loam) 20.2 43.8 3.5 22.5 30.2 8.3 0.52 1.1

Red (sandy loam) 41.6 26.4 17 12 14.7 7.4 0.48 0.38

Laterite (sandy clay loam) 32.1 22.7 18.2 25.9 20 4.9 0.24 2.18

Sandy 40.3 51.2 2.5 6 5 8 0.05 -

Table 2. Effect of Different soil types on the interaction of M. incognita and P. penetrans

Soil Types Parasitization (%) Number of spores/J2

Alluvial 86.9 (68.78)c 8.0c

Black 81.3 (64.38)d 7.0d

Red 90.7 (72.24)b 9.5b

Laterite 71.9 (57.99)e 6.3e

Sandy 95.5 (77.75)a 10.7a

CD (P=0.05) 3.5 0.47

N. Swarnakumari et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 149-154 (2024)



151

between the clay content and extent of parasitization was 
statistically negatively correlated (r = - 0.10) (Fig. 1)  
The clay content also in昀氀uenced the spore load carried 
by individual J2 which varied from 6.3 in laterite soil to 
10.7 in sandy soil. Textural and physical characters of 
soils were studied for interaction of M. incognita and P. 

penetrans.

The spore attachment on M. incognita and the 
percentage of parasitization varied signi昀椀cantly in soils 
of different textures. Soil texture and other factors such 
as salinity, pH, organic content etc., that in昀氀uence the 
nematode movement in soil (5) are likely to in昀氀uence 
the P. penetrans activity. The parasitizing ability of P. 

penetrans was high in sandy soil and low in laterite soil. 
The higher parasitizing ability of the hyper-parasite is 
thus attributable to the more rapid and easy dispersal of 
nematode in sandy and sandy loam soils when compared 
to heavy laterite soil. Spaull (7) observed that P. penetrans 
occurred more frequently in sand and loamy sand than 
in other types in sugarcane 昀椀elds of South Africa. The 
soil structure and EC have also been reported to affect 

the dispersal of P. penetrans spores in soil with loose 
texture (2). Physical and chemical soil properties might 
also affect the bacterial establishment and dispersal 
as has been shown for other nematode-antagonist 
systems. Small soil pores existed in soil containing high 
percentage of clay which may restrict the movement of 
P. penetrans spores. Verdjo-Lucas (12) discussed that 
spore may adhere to clay particles and would not be 
free to attach themselves to nematodes. This factor also 
could have in昀氀uenced the reduced level of parasitization 
observed in the heavy soils in the present investigation. 

Temperature

Signi昀椀cant in昀氀uence of temperature was observed in 
the extent of parasitisation of J2 by P. penetrans which 
was 90.5 per cent under 25ºC and 20.7 per cent under 15 
ºC. The same trend was seen in the spore load carried by 
individual J2 which ranged from 3.4 under 15ºC to 7.5 
under 25ºC (Table 3). The results of present experiment 
agreed with the 昀椀ndings of Anjukamra and Dhavan (1). 
Greater spore attachment was observed on M. javanica at 

r = - 0.10

Fig. 1. In昀氀uence of clay content on percentage of parasitization of P. penetrans on M. incognita

Table 3. In昀氀uence of temperature on per cent parasitization of P. penetrans

Temperature Percentage of parasitization Number of spores attached/J2

150C 20.7d (26.0) 3.4d

200C 64.4b (53.4) 4.3c

250C 90.59a (71.9) 7.5a

300C 55.6c (48.0) 5.8b

CD (P=0.05) 0.7 0.2

Effect of soil properties and temperature on the bacterial bioagent, Pasteuria penetrans

Pest Management in Horticultural Ecosystems
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22.5 – 30.0°C (8). Wallace (13) reported that the optimum 
temperature for M. incognita J2 migration is 25°C. 
Thus the optimum temperature for spore attachment 
corresponds with the optimum temperature for migration 
of M. incognita J2 in soil. The data further substantiates 
that the higher parasitizing ability of P. penetrans was 
probably due to greater nematode mobility at 25°C.

Nematicides

Glasshouse experiment

The nematicide and P. penetrans when applied 
together reduced the number of galls, egg masses and 

soil population to the highest level, which was followed 
by individual application of carbofuran and P. penetrans 
(Table 4). Application of carbofuran along with P. 

penetrans increased the rate of parasitisation which was 
83.1 per cent as against 61.0 per cent in P. penetrans 

treatment only. The number of spores encumbered was 
also higher when P. penetrans was applied along with 
carbofuran (Table 4).The growth of plant assessed 
through fresh weight of shoot and root indicated that 
the application of the bio control agent along with the 
nematicides gave the best results than the application 
of either carbofuran or P. penetrans alone (Table 5).  
Application of a combination treatment consisting of 

Table 4. Effect of nematicides on the interaction of M. incognita and P. penetrans in tomato

Treatments

Number of 

nematodes 

/200 g soil

Number of 

galls /g root

Number of 

egg masses/ 

2g root

Percentage 

of J2 

parasitized/ 

200 g soil

Number 

of spores 

attached/

J2

Fresh 

weight 

of shoot 

(g)

Fresh 

weight 

of root 

(g)

M. incognita 
alone

320.0a 28.8a 40.4a - -
31.4c 19.2abc

M. incognita +  

P. penetrans 
(10mg)

147.4b 22.6b 18.6b 61 8.3
41.6b 19.8abc

M. incognita + 
carbofuran 6 mg

122.3c 20.6bc 16.0bc - -
47.6b 21.2ab

M. incognita +  

P. penetrans 

(10mg) + 
carbofuran 6 mg

107.0d 18.0bc 11.4c 83.1 11

57.4a 22.8a

CD (P=0.05) 14 4.8 5.4 7.9 7.0

Table 5. Effect of root exudates on the parasitizing ability of P. penetrans

Treatments Percentage of parasitization Number of Spores/ J2 

Tomato 97.2 (80.37)a 180a

Coleus 96.7 (79.53)b 17.8b

Cowpea 91.1 (72.64)d 14.1c

Sorghum 50.5 (45.29)f 5.0e

Maize 47.3 (43.45)g 4.6ef

Sun昀氀ower 69.8 (56.66)e 9.0d

Tagetes 26.0 (29.33)h 3.0ef

Tap water 92.8 (74.44)c 15.5c

CD P=0.05) 1.14 2.2

N. Swarnakumari et al.
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nematicide and P. penetrans reduced the number of galls, 
egg and soil nematode population in a signi昀椀cantly better 
manner than either component applied individually. 

The nematicides carbofuran and aldicarb 
had no detrimental effect on P. penetrans  

(9). The possibility of increased spore attachment by 
P. penetrans in the presence of nematicide resulting 
in synergistic reduction of root galling by M. javanica 
was suggested by Brown et al. (3). Enhanced activity 
of the juvenile due to toxic effect of carbamate and 
organophorphate nematicides resulting in more frequent 
encounter with the spores has been suggested as reason 
for increased spore encumbrance and level of parasitism 
by P. penetrans (14). 

Root exudates

The in昀氀uence of root exudates of host and non-host 
plants of M. incognita was tested on the parasitizing ability 
of P. penetrans. The parasitizing ability signi昀椀cantly 
increased over control in tap water in tomato by 4.5 
per cent and coleus by 4.0 per cent. In the other plants 
tested namely cowpea, sun昀氀ower, maize and tagetes, the 
parasitizing ability decreased and ranged from 91.1 per 
cent to 26.0 per cent, while in control it was 92.8 per 
cent. The difference between exudates of different host 
plants on the degree of parasitisation by P. penetrans was 
statistically signi昀椀cant. The host plant had in昀氀uence over 
the number of spores which attach to the J2 In tap water 
control it was 15.5/J2 while in tomato and coleus it was 
18.0 and 17.8/J2, respectively. In the exudates of other 
plant species tested the spore load varied from 3.0 tagetes 
to 14.1 in cowpea (Table 6). Madula et al. (4) reported a 
high level of infection (75 per cent) of M. javanica with 
P. penetrans occurred under continuous cropping with 
tomato and lower level (25 per cent) under continuous 
cropping with tobacco and suggested that the action of 
root exudates could increase the multiplication of P. 

penetrans. The chemical components of root exudates 
probably in昀氀uenced the differences in P. penetrans 
parasitization. O'Brien (6) reported that the carbohydrate 
related lectins are primary factors for spore attachment. 
So that the carbohydrates present in root exudates may 
be involved in spore adherence on juvenile cuticle. The 
parasitization by P. penetrans was very low in the exudates 
of the nematode antagonistic plant, tagetes. Nematicidal 
property of tagetes also reduce mobility of juveniles 
and this probably  resulted in lower parasitization of J2 
under this treatment, since the attachment of spores on J2 
cuticle depends on chance contact which increases with 
nematode migration (8).

CONCLUSION

The bacterial hyper parasite, Pasteuria penetrans is 
a potential bio control agent for nematode management. 
The 昀椀ndings of the present research work proved that 
P. penetrans can withstand wide range of temperatures 
and pH ranges. Similarly, the bacterium is compatible 
with nematicides. Root exudates of nematode host plants 
enhance the parasitisation per cent of P. penetrans. 
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ABSTRACT: Ten onion cultivars were evaluated during kharif 2021-22 and 2022-23 for their reaction to Alternaria 

porri under 昀椀eld conditions. Of them, three varieties viz., Arka Kalyan, Arka Niketan and Arka Bheema showed 
resistant reaction while  two varieties viz., Rampura and Satara local were moderately resistant and rest were moderately 
susceptible. Among 10 fungicides, 10 botanicals and six bio agents evaluated in vitro against A. porri, 0.1%Azoxystrobin-
23EC, 0.1%Tebuconazole-25EC, Allium sativum (15%) and Trichoderma harzianum recorded the maximum inhibition 
of mycelial growth of Alternaria porri. The 昀椀eld evaluation of different fungicides and botanicals during indicated 
that 0.1%Tebuconazole-25EC was recorded minimum PDI of  22.68 and yield of 271.00q/ha. 0.1% Azoxystrobin-
23EC,0.1%Difenconazole-25EC,0.2%Mancozeb-75WP and Allium sativum cloves extract  were next best treatments 
in reducing the disease intensity  by recording  PDI of 24.00, 26.00, 28.00 and 46.00 and yield of 268.00q/ha, 262.65q/
ha, 264.00q/ha and 234.65q/ha respectively. During kharif 2022-23 also 0.1%Azoxystrobin-23EC was found to be the 
effective treatment followed by  0.1%Tebuconazole-25EC. 

Keywords: Alternaria porri, fungicides, management, onion, purple blotch 

INTRODUCTION 

Onion (Allium cepa L.) is an important bulbous 
vegetable crop of global importance and it is used 
as vegetable, salad and spice in the daily diet by 
large population. It has been reported to be rich in 
phytochemicals especially 昀氀avonols which are medicinal 
(Javadzadeh et al., 2009). Onion is regarded as highly 
export oriented crop and earn valuable foreign exchange 
for the country. Several factors have been identi昀椀ed 
for the low productivity of onion in India. The most 
important factor is the purple blotch disease caused by 
Alternaria porri (Ellis) C if. Which affects both bulb 
and seed crop throughout India. The yield loss of onion 
in India due to this disease under favorable conditions 
varies from 5.0 to 96.5per cent (Gupta and Pathak, 1988). 
In earlier studies, Sharma. (1997) Chethana et al. (2011) 
and Behera et al. (2013)   were reported the screening 
of some varieties to locate the tolerance and resistant 
types. In the present studies, an attempt has been made 
to test Onion varieties against purple blotch disease and 
its management. Spraying of broad spectrum fungicides 
has been recommended for management of disease. 
Control achieved by these chemicals is inadequate. 
Therefore, it is thought worthwhile to test the ef昀椀cacy 
of more promising chemicals like Propineb-50WP, 
Metiram-50WP, Hexaconazole-5EC, Azoxystrobin-
23EC, Tebuconazol-25EC, Myclobutanil-10WP, and 

Difenconazole - 25EC against fungus. Not much light 
has been shed on biological control, botanicals which are 
effective against Alternaria porri. Hence, an attempt has 
been made to test commonly available   botanicals   and 
bio agents against the pathogen.

MATERIALS AND METHODS

Reaction of Onion cultivars 

An experiment was conducted  at College of 
Horticulture, Bidar, Karnataka during Kharif 2021-22 
and 2022-23 in Randomized Complete Block Design 
with a plot size of 3.6 m x 1.8 m. Ten cultivars viz., 
Satara Local, Rampura, Arka Kalyan, Agripound Dark 
Red, Ballary Red, Arka Niketan, Nasik Red, Telagi Red,  
Kumata and Arka Bheema  seedlings were planted at a 
spacing of 15 cm x 10 cm (row to row x plant to plant) 
and all the recommended agronomic practices were 
followed   to raise a good   crop except fungicidal spray 
to avoid the killing of fungal pathogen (Anonymous, 
2017). As there was heavy incidence of purple blotch 
during both the years, the cultivars were scored for the 
disease incidence under natural 昀椀eld conditions without 
arti昀椀cial inoculation. At bulb development stage, disease 
score was measured on ten randomly selected plants 
from each plot at fortnightly intervals by using 0 to 5 
point rating scale (Sharma, 1986).
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Scale Severity

0 No  disease  symptoms

1 A  few spots  towards tip covering  1 to 10 per cent  leaf  area 

2 Several  dark  purplish  brown patch  covering  11 to 20  percent leaf area

3 Several  patches  with  paler outer zone  covering  21 to 40 percent  leaf  area

4 Leaf  streaks  covering  41 to 75 per cent  leaf  area  and  breaking of  the leaves  from  center  

5
Leaf  streaks  covering  more than 76  percent  leaf  area followed  by  complete drying  and  breaking  of 
the leaves  from   the  center.

Percent Disease Index was worked out as follows.

Percent Disease Index (PDI) =                        Sum of individual ratings   X 100
                              Number of plants or leaves examined X maximum disease grade 

  

In vitro evaluation of fungicides  

Ten fungicides with different modes of action at 
recommended dose were evaluated in the laboratory for 
their ef昀椀cacy against Alternaria porri by the poisoned 
food technique (Nene and Thapliyal, 1979). Each 

treatment was replicated 3 times. The molten sterilized 
PDA was used as nutrient medium and required quantity 
of each fungicide was added separately so as to get a 
required concentration of that fungicide. The fungicides 
were thoroughly mixed by stirring and about 15 ml 
poisoned medium was poured to each of the 90mm 

Table 1. Performance of onion cultivars against Alternaria porri under 昀椀eld conditions

Cultivar Reaction
Percent Disease Index Yield (q/ha)

kharif 2021-22 kharif 2022-23 kharif 2021-22 kharif 2022-23

Satara Local MR 24.65e 22.00d 227.00fg 226.00e

Rampura MR 24.00e 24.00d 182.65h 183.65g

Arka Kalyan R 08.67f 10.00e 315.00b 316.32b

Agripound Dark Red MS 36.00d 34.65c 298.66d 297.32c

Ballary Red MS 38.00cd 40.00b 187.32h 184.65g

Arka Niketan R 09.34f 08.67e 307.34c 312.32b

Nasik Red MS 44.00b 42.00b 222.67g 220.32f

Telagi Red MS 48.00a 50.00a 231.00f 236.65d

Kumata MS 38.00cd 40.00b 238.00e 236.67d

Arka Bheema R 10.00f 09.32e 331.00a 332.00a

Note: 1. R = Resistant,    MR = Moderately Resistant,   MS = moderately   susceptible,   S=Susceptible  HS = highly    
susceptible

2. In the vertical columns means followed by same letters are not different statistically by DMRT     (P=0.05).
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petri dishes and allowed for solidi昀椀cation. The actively 
growing periphery of 9 day old culture of Alternaria porri 
was carefully cut by using a gel cutter and transferred 
aseptically to centre of each petri dish containing the 
poisoned solid medium. Suitable control was maintained 
by growing the cultures on PDA without the fungicides. 
The plates were incubated at 27±1OC for 9 days and 
the colony diameter was recorded 9 days after growth 
(Table-2). The percent inhibition of mycelial growth 
over control was calculated using the formula of Vincent 
(1947).

     C-T
I =  C 
I = per cent inhibition of mycelial growth
C = radial growth of fungus in control
T = radial growth of fungus in treatment.

In vitro evaluation of botanicals

Healthy plants were selected from which the fresh 
leaves and other parts were obtained and thoroughly 
washed with tap water then air dried. Aqueous plant 
extract was prepared by grinding 100g leaves/other parts 
with 100ml distilled water (w/v) using a blender and 
昀椀ltrate was collected by passing through double layered 
muslin cloth. The supernatant was taken as standard plant 
extract solution (100%).  All the extracts obtained were 

passed through 昀椀lter paper used for assay. The poisoned 
food technique (Nene and Thapliyal, 1979) was followed 
to evaluate the ef昀椀cacy of botanicals in laboratory against 
Alternaria porri at 15% concentration (Table-3). Each 
treatment was replicated 3 times. The method followed 
for conducting the experiment was same as that used for 
fungicide evaluation.

In vitro evaluation of bio-agents

Dual culture technique (Dennis and Webster, 1971) 
was followed to study interaction of six antagonists   in 
the laboratory. Six bio-agents with a control treatment 
were used for evaluation. Pour 20ml of PDA into 
90mm petri dishes and allowed for solidi昀椀cation. Discs 
measuring   5 mm of Alternaria porri   was taken   from 9 
day old culture and was placed at one end of the petri dish 
then respective antagonistic organisms were inoculated 
at the opposite side (Table-4). A control was maintained 
by inoculating only Alternaria porri at one end in case 
of fungal antagonistic. In case of bacterial antagonistic 
Alternaria porri   was placed at both ends of petri plates 
and bacterial culture was inoculated at centre of the petri 
plate, control was maintained by inoculating Alternaria 

porri at the both the ends of the petri plates. Each 
treatment was replicated four times and incubated for 6 
days at 27 ± 10C. The activity of antagonistic organisms 

Table 2. In vitro evaluation of fungicides against Alternaria porri

Treatments Fungicides Concentration (%) Percent inhibition of mycelia growth

T1 Propineb -50WP 0.2 80.08 e

T2 Metiram-50WP 0.2 57.62h

T3 Mancozeb-75WP 0.2 82.63d

T4 Chlorothalonil-75WP 0.2 47.37i

T5
Copper  oxy chloride-

50WP
0.3 72.42g

T6 Myclobutanil-10WP 0.1 73.40g

T7 Azoxystrobin-23EC 0.1 92.58a

T8 Difenconazole-25EC 0.1 87.05c

T9 Tebuconazole-25EC 0.1 88.87b

T10 Hexaconazole-5EC 0.1 77.47f

Note: In the vertical columns means followed by same letters are not different statistically by DMRT (P=0.01).

Reaction of onion cultivars against Alternaria porri

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 155-162 (2024)



158

were recorded by measuring the colony diameter of 
Alternaria porri in each treatment and compared with 
control.

Management of purple blotch,   Alternaria porri

The 昀椀eld experiment was laid out in RCBD with 13 
treatments and 3 replications during Kharif 2021-22 and 
2022-23 at College of Horticulture, Bidar, Karnataka. 
Healthy Telagi Red seedlings were planted in the 昀椀eld 
with 15cm X 10cm (row to row X plant to plant) spacing 
in plot size of 3.6m X 1.8m. All other cultural practices 
and pest control practices were followed as recommended 
in package of practices (Anonymous, 2017). The 昀椀rst 
spraying was carried out as soon as 昀椀rst symptom of 
disease was noticed in the 昀椀eld. 4 sequential sprays of 
fungicides and   botanicals   were taken at an interval 

Table 3. In vitro evaluation of botanicals against Alternaria porri 

Treatments Botanicals Plant Parts used Concentration (%)
Percent inhibition 

of mycelia growth

      T1 Allium  cepa Bulbs 15 28.62i

      T2 Allium sativum Cloves 15 65.37a

      T3 Clerodendron inerme Leaves 15 57.36b

      T4 Azadirachta indica Leaves 15 39.50e

      T5 Lantana camera Leaves 15 35.44f

      T6 Aloe vera Leaves 15 55.30c

      T7 Ocimum sanctum Leaves 15 33.24g

      T8 Glyricidia maculata Leaves 15 26.27j

      T9 Eucalyptus globes Leaves 15 48.20d

     T10 Durantha repens Leaves 15 30.50h

Note: In the vertical columns means followed by same letters are not different statistically by DMRT (P=0.01).

Table 4. Effect of different antagonists on growth of Alternaria porri   

Treatments Antagonists Percent inhibition of mycelia growth 

T1 Trichoderma harzianum  54.00a

T2 Trichoderma  viride 52.25a

T3 Trichoderma  virens 41.00c

T4 Trichoderma  konnigii 48.25b

T5 Pseudomonas 昀氀uorescence 20.25e

T6 Bacillus subtilis 31.50d

Note: In the vertical columns means followed by same letters are not different statistically by DMRT (P=0.01).

of 15 days (Table-5). Disease severity was recorded on   
ten   randomly selected plants in each plot, just one day 
before each spraying and 昀椀fteen days after last spraying. 
An observation   on severity of disease on foliage was 
recorded by using 0 to 5 point scale and PDI was worked 
out. The bulb   yield in each plot was   recorded and   
computed to hectare basis, the percent increase over 
control was calculated.

RESULTS AND DISCUSSION

Reaction of onion cultivars 

All the screened genotypes were categorized for their 
reaction on the basis of PDI values. Those with  1- 10 
PDI value were considered as resistant, while those 
with 11-25 PDI as moderately resistant, 26-50 PDI as 
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moderately susceptible, 51-75 PDI as susceptible  and  
more than75 PDI as highly susceptible (Mishra et al., 

2009).   Observations   indicated   that out of   ten varieties 
evaluated, none of them were found highly resistant. 
However, three varieties viz., Arka Kalyan, Arka 
Niketan and Arka Bheema showed resistant reaction. 
Whereas, two varieties viz., Rampura and Satara local 
showed moderately resistant reaction and rest of them 
showed moderately susceptible reaction against purple 
blotch (Table1). At   the   time of harvest, bulb yield was 
recorded and computed to hectare basis.  No relationship 
between disease severity and bulb yield was observed, 
it might be due to genetic potential of cultivars. 
Utilization of resistant cultivars in farming system is 
the most simple, effective and economical method in the 
management of plant diseases. Besides this, the resistant 
cultivars conserve the natural resource and reduce 
the cost, time and energy when compared to the other 
methods of disease management. Similar kind of work 
done by earlier workers who reported that the variety 
Arka Kalyan was found moderately resistant (Chethana 

Table  5. Effect of different fungicides and botanicals on purple blotch of onion caused by  Alternaria porri 

Treatment

Mean

PDI
Bulb yield  (q/ha) 

Percent  yield 

increase over control

Kharif

2021-22

Kharif

2022-23

Kharif

2021-22

Kharif

2022-23

Kharif

2021-22

Kharif

2022-23

T1- 0.3% Copper  oxy chloride-
50WP

35.34f 34.65e 247.32f 246.67e 28.59 29.15

T2-0.2% Metiram-50WP 39.32e 41.34d 247.65f 249.65d 28.76 30.70

T3-0.2% Mancozeb-75WP 28.00hi 29.32f 264.00b 264.67b 37.26 38.57

T4- 0.2%Propineb -50WP 32.67g 31.34ef 252.00e 250.65d 31.02 31.23

T5-0.1%Hexaconazole-5EC 30.00h 30.64f 259.34c 260.00c 34.83 36.12

T6- 0.1%Azoxystrobin- 23 EC 24.00ij 22.66g 268.00a 270.67a 39.34 41.71

T7-0.1%Tebuconazole-25EC 22.68j 24.00g 271.00a 267.00ab 40.89 39.79

T8-0.1%Difenconazole-25EC 26.00i 24.00g 262.65b 268.00a 36.55 40.31

T9-0.1% Myclobutanil-10WP 33.34fg 34.00e 255.32d 250.00d 32.74 30.89

T10-15%Allium sativum 46.00d 48.00c 234.65g 233.32f 21.99 22.15

T11-15% Aloe vera 49.32c 48.65c 227.32h 230.34g 18.18 20.59

T12- 15% Clerodendron inerme 52.00b 53.32b 229.67h 225.32h 19.40 17.96

T13-Control 62.00a 64.00a 192.34i 191.00i - -

Note: In the vertical columns means followed by same letters are not different statistically by DMRT (P=0.05).

et al., 2011 and Kavitha et al., 2017). The results are in 
agreement with Bal et al. (2019) who reported that the 
variety Arka Niketan was found resistant reaction. 

In vitro evaluation of fungicides

The results indicated that signi昀椀cant difference 
among fungicides in inhibiting the growth of the 
Alternaria porri. Among ten fungicides were  evaluated,  
Azoxystrobin-23EC(92.58%) recorded maximum 
inhibition of mycelia growth of pathogen followed 
by Tebuconazole-25EC(88.87%), Difenconazole-
25EC(87.05%),Mancozeb-75WP(82.63%), Propineb-
50WP(80.08%), Hexaconazole-5EC(77.47%) and 
least inhibition was observed in Chlorothalonil-75WP 
(47.37%)(Table-2). In vitro evaluation of fungicides 
provides useful and preliminary information regarding 
ef昀椀cacy of fungicides against pathogen within a short 
period and it is very much necessary before they are 
planned to be used under 昀椀eld experiments. Similar 
observations were reported by Priyanka et al. (2017) 
who studied the ef昀椀cacy of six fungicides under in vitro 
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against A. porri at three different concentrations (0.1, 0.2 
and 0.3 %) and found that 100 per cent mycelia growth 
inhibition with propiconazole, difenoconazole and 
tebuconazole at all the concentrations tested. Triazoles 
are the potent group of fungicides having a strong 
ergosterol synthesis inhibitory action which blocks the 
cytochrome P-450 dependant enzyme and C-14 alpha 
de-methylase which are needed to convert lanosterol 
to ergosterol. The biosynthesis of these ergosterols 
is critical to the formation of cell walls of fungi. Lack 
of normal sterol production slows or stops the growth 
of the fungus and preventing further infection and/or 
invasion of host tissues. The results on the ef昀椀cacy of 
Mancozeb-75WP are in conformity with Chethana et al. 

(2011). The results are in agreement with Arunakumara 
K.T. (2006) who reported propineb-50 WP as effective 
fungicide against A. solani causing early blight of 
tomato. Chlorothalonil-75 WP was less effective against 
A.porri (Chethana et al., 2012). 

In vitro evaluation of botanicals

The results revealed that effect of plant extracts on 
the fungal growth was signi昀椀cant. The Allium sativum 
cloves extract was found effective in inhibiting the 
mycelia growth (65.37%) followed by Clerodendron 

inerme (57.36%), Aloe vera (55.30%), Eucalyptus 

globes (48.20%) and least inhibition was observed in 
Glyricidia maculata (26.27%) (Table3). The results are 
in conformity with Prasad and Naik (2003) and Mesta et 

al., (2011) where Garlic clove extract was   found effective 
in inhibiting the mycelial growth of Alternaria solani 
and Alternaria helianthi respectively. The effectiveness 
of Garlic clove extract as a pesticide is due to volatile oil 
which contains dialyl disulphide, diallyl trisulphide and 
sulphodoxides derived from allicin (Vijayalakshmi et al., 
1999). Pramodkumar (2007) reported Clerodendron leaf 
extract as one of the best plant extract in inhibiting the 
mycelial growth of Alternaria porri.  

In vitro evaluation of antagonists against Alternaria 

porri

All the Trichoderma sp inhibited the growth of 
Alternaria porri   effectively.  Among these antagonists 
Trichoderma harzianum showed highest inhibition 
(54.00%) followed by Trichoderma viride (52.25%) 
(Table4). This may be due to higher competitive 
ability of Trichoderma sp. either by mycoparasitism, 
antibiosis and also due to possibilities of existence 
of microbial interactions viz., stimulation, inhibition, 
mutual intermingling of growth of antagonistic isolate 
over test pathogen. Vinale et al. (2008) reported that 

Trichoderma sp. produced secondary metabolites such 
as 6-pentyl-alpha-pyrone (6pp), iso-cyanide derivatives, 
acids (heptelidic and koningic acid), peptaibols and cell 
wall degrading enzymes (CDWE) which are involved in 
the growth inhibition of many phytopathogenic fungi. 
Imtiaz and Lee (2008) reported Trichoderma harzianum 

and Trichoderma virens are most effective in inhibiting 
the growth of   Alternaria porri. 

Management of purple blotch, Alternaria porri

In subsequent sprays all the fungicides and botanicals 
treated plots recorded signi昀椀cantly less percent disease 
index over control. During Kharif-2021-22, among 
fungicides 0.1%Tebuconazole-25EC was signi昀椀cantly 
effective in reducing the disease intensity by recording 
a PDI of 22.68 and yield of 271.00q/ha (Table5). 0.1% 
Azoxystrobin-23EC,0.1% Difenconazole - 25EC, 0.2% 
Mancozeb-75WP, 0.1%Hexaconazole - 5EC and 0.2% 
Propineb-50WP were next best treatments found effective 
in reducing the disease intensity  by recording a PDI of 
24.00,26.00,28.00,30.00 and 32.67 and yield of 268.00q/
ha, 262.65q/ha, 264.00q/ha, 259.34q/ha and 252.00q/ha 
respectively. Among botanicals tested, minimum PDI of 
46.00 and yield of 234.65q/ha was recorded in Allium 

sativum cloves extract (15%) and maximum PDI of   62.00 
and yield of 192.34q/ha was   recorded   in the control 
plot (Table5). Again during Kharif - 2022-23, among 
fungicides 0.1% Azoxystrobin - 23EC was signi昀椀cantly 
effective in reducing the disease intensity by recording 
a PDI of 22.66 and yield of 270.67q/ha (Table6). 0.1% 
Tebuconazole-25EC, 0.1% Difenconazole-25EC, 0.2% 
Mancozeb-75WP, 0.1% Hexaconazole-5EC and 0.2% 
Propineb were next best treatments found effective 
in reducing the disease intensity  by recording a PDI 
of 24.00, 24.00, 29.32, 30.64 and 31.34 and yield of 
267.00q/ha, 268.00q/ha, 264.67q/ha, 260.00q/ha and 
250.65q/ha respectively. Among botanicals tested,   
PDI of 48.00 and yield of 233.32q/ha was recorded in 
Allium sativum cloves extract (15%) and maximum PDI 
of   64.00 and yield of 191.00q/ha was   recorded in the 
control plot (Table5). Studies conducted by Wangikar 
et al. (2012) on management of purple blotch of onion 
in Marathawada region of Maharashtra revealed that 
lowest disease severity of purple blotch with spray of 
Mancozeb-75WP at 0.25%, Hexaconazole-5EC at 0.1% 
and Difenconazole-25EC at 0.05%. Gupta et al. (2012) 
reported that systemic fungicides Tebuconazole-25EC 
at 0.1% and Azoxystrobin-23EC at 0.1% effectively 
controlled purple blotch disease of Garlic. Chethana 
et al. (2015) reported that Mancozeb-75WP at 0.25% 
effectively controlling purple blotch of Onion. The 
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results on the effectiveness of foliar application of Allium 

sativum cloves   extract in the management of Alternaria 
blight are in conformity with Nashwa and Abo-Elyousr 
(2012). 

ACKNOWLEDGEMENT

We thank College of Horticulture, Bidar and 
University of Horticultural Sciences, Bagalkote, 
Karnataka India for their provisions to this study. 

REFERENCES

Anonymous, 2017. Package of Practices, University of 
Horticultural Sciences, Bagalkot, Karnataka, India 
pp. 120-124. 

Arunakumara, K.T. 2006. Studies on Alternaria solani 

(Ellis and Martin) Jones and Grout causing early 
blight of Tomato. M.Sc. (Agri.) Thesis. Uni. Agric. 
Sci. Dharwad India.

Bal, S., Maity, T. K., Sharangi, A. B. and Maji, A. 2019. 
Screening of onion (Allium cepa L.) germplasm 
against purple blotch disease. J. Pharmacogn. 

Phytochem, 8(6): 546-548.

Behera, S., Santra, P., Chattopadhyay, S., Das, S. and 
Maity, T. K. 2013. Variation in onion varieties for 
reaction to natural infection of Alternaria porri 
(ellis) ciff. and Stemphylium vesicarium (wallr.) 
The Bioscan, 8(3): 759-761.

Chethana, B. S., Ganeshan, G. and Manjunath, B. 2011. 
Screening of genotypes and effect of fungicides 
against purple blotch of onion. Journal of 

Agricultural Technology, 7(5): pp.1369-1374.

Chethana, B. S., Ganeshan, G., Archana, S. and Bellishree, 
K. 2015. Integrated disease management of purple 
blotch disease of onion. The Bioscan, 10(4), 
pp.1729-1733.

Dennis, C. and Webster, J. 1971. Antagonistic  properties 
of species of group Trichoderma production and 
non-volatile antibiotics. Transactions of British 

Mycological Society, 57: 25-39.

Gupta, R. B. L. and Pathak, V. N. 1988. Yield losses 
in onions due to purple blotch disease caused by 
Alternaria porri. Phytophylactica, 20(1): pp.21-24.

Gupta, R. C., Pandey, N. K. and Gupta, R. P. 2014. 
Management of purple blotch (Alternaria porri) 
disease of garlic (Allium sativum L.).

Imtiaj, A. and Lee, T. S. 2008. Antagonistic effect of 
three Trichoderma species on the Alternaria 

porri pathogen of onion blotch. World Journal of 

Agricultural Sciences, 4(1):13-17.

Javadzadeh, A., Ghorbanihaghjo, A., Bonyadi, S., 
Rashidi, M. R., Mesgari, M., Rashtchizadeh, N. and 
Argani, H. 2009. Preventive effect of onion juice 
on selenite - induced experimental cataract. Indian 

journal of ophthalmology, 57(3): pp.185-189.

Kavitha, S., Veeraghanti, B., Gangadhara Naik and 
Hegde, K. T. 2017. Screening of onion genotypes 
against purple blotch. Int. J. Pure App. Biosci, 
5(1): 221-223.

Mesta,V. I., Benagi, Kulkarni, S. and Shankargoud. 
2011. In vitro evaluation of fungicides and plant 
extracts against Alternaria helianthi causing blight 
of sun昀氀ower. Karnataka Journal of Agricultural 

Sciences, 22(1):111-114.

Mishra, R. K., Verma, A., Singh, S. and Gupta, R. P. 
2009. Screening of Garlic lines against purple 
blotch and Stemphylium blight. Pest Management 

in Horticultura Ecosystems, 15(2): 138-140.

Nashwa, S. M. and Abo-Elyousr, K. A. 2012. Evaluation 
of various plant extracts against the early blight 
disease of tomato plants under greenhouse and 
昀椀eld conditions. Plant Protection Science, 48(2): 
pp.74-79.

Nene, Y. L. and Thapliyal, P. N. 1979. Fungicides in 
plant disease control. Fungicides in plant disease 

control, (Ed. 2). 

Pramodkumar, T. 2007. Biological management of 
Alternaria blight of onion. M.Sc. (Agri.) Thesis. 
University of Agricultural Sciences, Dharwad 
(India).

Prasad, and Naik, M. K. 2003. Evaluation of genotypes, 
fungicides and plant extracts against early blight 
of Tomato caused by Alternaria solani. Indian 

Journal of Plant Protection, 31(2): 43-49.

Priyanka, J., Mali, B. L. and Meena, M. K. 2017. 
Effective management of purple blotch of onion 
caused by Alternaria porri (Ellis) through host 
resistance, fungicides and botanicals. Int. J. Curr. 

Microbiol. App. Sci, 6(5): 1737-1745.

Sharma, S. R. 1986. Effect of fungicidal sprays on 
purple blotch and bulb yield of Onion. Indian 

Phytopathology, 39(1): 72-82.

Reaction of onion cultivars against Alternaria porri

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 155-162 (2024)



162

Sharma, I. M. 1997. Screening of onion varieties/lines 
against purple blotch caused by Alternaria porri  

under 昀椀eld conditions. Plant Disease Research, 

12(1): 60-61.

Vijayalakshmi, K., Subhashini, B. and Shivani, K. 1999. 
Plants in Pest Control. Series of Booklets Centre 
for Indian Knowledge Systems, Chennai.

  Vinale, F., Sivasithamparam, K., Ghisalberti, E. L., 
Marra, R., Barbetti, M. J., Li, H., Woo, S. L. and 
Lorito, M. 2008. A novel role for Trichoderma 
secondary metabolites in the interactions with 
plants. Physiol. Mol. Plant Pathol, 72:  80-86.

Vincent, J. M. 1927. Distortion of fungal hyphae in the 
presence of certain inhibitors. Nature. 59: 850. 

Wangikar, A. A., Dandnaik, B. P., Falke, A. R. and 
Khandare, P. M. 2012. Management of purple 
blotch of onion caused by Alternaria porri in 
Marathwada region. In: Abstract, IV National 
Symposium on Plant protection in horticultural 
crops: Emerging challenges and sustainable pest 
management organized at Indian Institute of 
Horticultural Research, Bangalore held on 25-28 
April, pp.112.

MS Received: 30 April 2024

MS Accepted: 25 May 2024

K.T. Arunakumara et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 155-162 (2024)



163

Survival and host range of Phytophthora capsici Leon under Karnataka conditions

G. M. SANDEEP KUMAR1*, S. SRIRAM1, T. NARENDRAPPA2and R. S. PAVITHRA 1

1ICAR-Indian Institute of Horticultural Research, Hesaraghatta lake post, Bengaluru 560 089, Karnataka, India
2University of Agricultural Sciences, Gandhi Krishi Vignana Kendra, Bengaluru 560065, Karnataka, India

*E-mail: sandeep.gm@icar.gov.in

ABSTRACT: Phytophthora capsici Leonian is a destructive pathogen of sweet pepper worldwide.  In this study, 
survival and host range of P. capsici under Karnataka conditions was studied. Slender amaranth (Amaranthus viridis), 
black nightshade (Solanum nigrum) and spurge (Euphorbia geniculata) were found as weed hosts for the pathogen. 
The pathogen was infective on fruits and leaves of watermelon, cucumber, gherkin, squash, pumpkin, ridge gourd, 
round melon, snake gourd and sponge gourd. On bottle gourd, it was infective on fruits while non infective on leaves 
and root. Bitter gourd and ash gourd were not hosts without any foliar, fruit and root infection. Among solanaceous 
crops, tomato, chilli and potato leaves, fruits and root were infected. On brinjal, only fruit infection was recorded. The 
isolate was weakly pathogenic on cruciferous vegetables cabbage and cauli昀氀ower with only leaf infection. None of the 
leguminous vegetable tested showed root infection. Leaf and pod infection was observed on French bean and cowpea. 
On malvaceous vegetable crop okra, only fruit infection was recorded. In Piperaceae crops, only leaf infection was 
observed on black pepper and betel vine. Eight millets tested were found non-hosts for the Kadur isolate of P. capsici. 
The pathogen survived up to 90 days when infected fruit was buried in soil irrespective of three soil textures; sandy 
loam, sandy clay and sandy clay loam.The information on survival and host range generated would help in developing 
disease management strategy against P. capsici in Karnataka.

Keywords: Phytophthora capsici, soil survival, host range, Karnataka

INTRODUCTION

Phytophthora blight incited by P. capsici Leon is 
the most devastating 昀椀eld diseases of sweet peppers 
worldwide. P. capsici is an oomycete pathogen of 
vegetable crops worldwide, causing crop losses 
exceeding 50% (Sanogo and Ji, 2012). The pathogen 
has reportedly caused severe epidemics in Central and 
South America, Europe, Asia, and United States where 
susceptible vegetables are grown (Granke et al., 2012a). 
Globally the disease and pathogen is widely distributed 
and has been reported in all the major pepper production 
areas (CABI, 2022).

Phytophthora blight has been reported to be 
destructive disease causing marketable yield loss in 
hot and sweet pepper (C. annuum L) in India. In India, 
the disease is of economic interest on sweet pepper in 
Himachal Pradesh, Karnataka and Tamil Nadu (Sharma 
and Bhardwaj, 1976; Chaudhary and Banyal, 2013b; 
Chowdappa et al., 2014; Singh, 2015).

P. capsici is reported as a broad host pathogen infecting 
cultivated crops, ornamentals and native plants belonging 
to more than 15 plant families (Satour and Butler, 1967; 
Erwin and Ribeiro, 1996; Hausbeck and Lamour, 2004; 
Tian and Babadoost, 2004; French-Monar et al., 2006; 

Granke et al., 2012). In India, this pathogen has been 
reported on plantation crops, black pepper (Sharma and 
Anandaraj, 1997), cocoa (Chowdappa et al., 1993) and 
betel vine (Kumar et al., 2004), however there are no 
reports on pathogen city on different cultivated and weed 
hosts existing in sweet pepper agro ecosystem. This 
information is required as sound disease management 
strategies rely on knowledge of pathogen host range.

Review of research done in India on P. capsici points 
out to gaps in knowledge on survival and host range. 
Keeping in view the above knowledge and technology 
gaps, the present study   was undertaken with an objective 
to determine the survival and experimental host range of 
P. capsici Kadur isolate.

MATERIALS AND METHODS

Source and maintenance of culture

A highly virulent, previously characterized isolate of 
Phytophthora capsici Leon (GenBank accession number 
MZ474494) maintained in fungal pathology laboratory 
was used in this work (Kumar G. M. S, 2022). The 
pathogen was isolated from infected fruit of sweet pepper 
sourced from Kadur region of Karnataka. Working 
culture of the isolate was maintained by periodical 
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culture on carrot agar medium with incubation at 25±2 
ºC in dark for three to 昀椀ve days. For long term storage, 
agar plugs removed from the colony margin were placed 
in sterile water in 1.5 ml screw capped bottles and 
stored at room temperature in dark conditions. Virulence 
and aggressiveness of the isolate was maintained by 
inoculation and re isolation from sweet pepper fruits at 
regular intervals. 

Survival of P. capsici in different soils 

An experiment was conducted to study the survival 
of P. capsici in three soils of different textures in pots 
under glass house conditions. Soil samples for this study 
were obtained from different sweet pepper growing areas 

in Karnataka (Table 1). Three representative soil samples 
from Belgaum, Haveri and Bengaluru were selected 
based on soil colour (black soil, red soil and loamy soil) 
and texture by feel method. 

Soil texture was determined by mechanical analysis 
using the international pipette method (Piper, 1966) at 
the soil testing laboratory of ICAR-National Bureau of 
Soil Survey and Land Use Planning (NBSS & LUP), 
Regional centre, Bengaluru. After computing the relative 
percentage of different size groups namely clay, silt and 
sand, the textural class of the soils was determined using 
the triangular textural diagram given by the USDA.

Table 1. Source of soils used in the study

Sl. No. Sample code GPS coordinates Place

Haveri 14º36136.55’’N

75 º 28101.32’’E

Kollapur village, Byadagi taluk, Haveri district, 

Karnataka

Belgaum 15º61101.75’’N

74 º 63172.13’’E

KadatanBagewadi village, Khanapur taluk, Belgaum 

district, Karnataka

Bengaluru 13º08110.43’’N

77 º 29153.79’’E

Sixth block of Hesaraghatta farm of ICAR- IIHR, 

Bengaluru, Karnataka

The pathogen survival was studied in sterile soil 
at a moisture regime of 100% water holding capacity. 
One hundred gram of infected fruit with mycelium 
and sporangia was buried in soil as inoculum. Soil 
was sterilized before inoculation. Soil moisture was 
maintained at 100% WHC throughout the study period. 
The survival of the pathogen was assessed at monthly 
intervals up to six months by baiting with sweet pepper 
seedlings. The survival was con昀椀rmed by isolation of 
the pathogen from infected seedlings and morphological 
observations (Larkin et al., 1995). 

Host range of P. capsici

In this study, the experimental host range of P. capsici 

Kadur isolate was determined by pathogenicity test on 
8 weed plants and 36 crops commonly found in sweet 
pepper agro- ecosystem. The tested weeds are known 
to occur commonly in sweet pepper 昀椀elds in Karnataka 
region of India. The crops tested are cultivated in rotation 
after sweet pepper crop / widely cultivated in 昀椀elds 

adjacent to sweet pepper 昀椀elds in Karnataka. Plants of 
3-5 leaf stage were inoculated with zoospore suspension 
to test for root rot symptoms (Bosland and Lindsey, 
1991). Pathogenicity on detached leaves and fruits were 
also tested by placing 昀椀ve mm diameter mycelia plug 
(Foster and Hausbeck, 2010; Chowdappa et al., 2014). 

RESULTS AND DISCUSSION

Survival of P. capsici in soil

The results of soil texture analysis of three 
representative soils used in the pathogen survival study 
are presented in the Table 2. 

The results revealed that the three soils were of 
different texture with varied percentage of sand, clay 
and silt content. Soil from Belgaum belonged to sandy 
clay textural class with 45.86% sand, 35.40% clay and 
18.74% silt. The texture of soil from Haveri was sandy 
loam with 68.96% sand, 19.50% clay and 11.54% silt. 
Bengaluru soil belonged to sandy clay loam texture with 
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* All values are in %

Table 2.Texture of soils used in soil survival study*
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56.32% sand, 26.63% clay and 17.05% silt. Among the 
three soils, Haveri soil was moderately coarse textured 
whereas Belgaum and Bengaluru soils were moderately 
昀椀ne textured soils.

An experiment was conducted to study the survival 
of P. capsici in three different soils types. The result of 
the survival of P. capsici buried in soil is presented in the 
Table 3. In the current investigation, the pathogen was 
detected by baiting up to three months in all the three 

Table 3. Survival of P. capsici in infected fruit tissue buried in soil of different textures

Soil texture
Duration (months)

1 2 3 4 5 6

Sandy loam + + + - - -

Sandy clay + + + - - -

Sandy clay loam + + + - - -

+ Detection, - No detection of P. capsici Kadur isolate with sweet pepper seedling baiting based on the re-isolation.

different textured soils assessed. The pathogen was not 
detected after third month irrespective of soil type.

The 昀椀ndings of present study are consistent with 
the observation of previous workers on soil survival 
of P. capsici in crop residue. It is reported that many 
Phytophthora species do not survive for extended period 
without their host. Mycelia, sporangia and zoospores 
of most Phytophthora species survive for few weeks 
(Ansani and Matsuoka, 1983; Schlub, 1983; Erwin 
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and Riberio, 1996; Roberts et al., 2005). Ansani and 
Matsuoka (1983) have reported that the mycelium of P. 

capsici survived less than 120 days in infected root tissue 
burried in soil, while zoospores and sporangia survived 
for fewer than 75 days. In a study by Roberts et al. 
(2005), sporangia, zoospores and mycelia of P. capsici 
were found to survive for 57 days in Florida at    30 °C 
and 100% soil moisture-holding capacity when buried 
inside soil. Contrary to these works, Schlub (1983) could 
not isolate P. capsici from inoculated leaf tissue two days 
after being placed on the soil surface in a 昀椀eld, but was 
easily isolated after 14 days if buried.

Oospores play an important role in the disease cycle 
of P. capsici as overwintering dormant spores. They are 
dormant in soil and plant tissue. Oospores survive in soil 
from few months up to several years in different types 
of soils (Turkensteen et al., 2000; French-Monar et al., 
2007; Babadoost and Pavon, 2013). In the present study, 
mycelial and sporangial survival on infected fruit tissue 
buried in soil was investigated.  No work on oospore 
survival was carried out as the Kadur isolate used in 
the current study was heterothallic and was not able to 
produce oospore in the culture medium when paired with 
other available isolates on carrot agar medium. Pairing 
work indicated that the isolates tested belonged to one 
mating type, either A1 or A2. Further, reference tester 
isolates of known mating type was not available to 
induce oospore production. P. capsici of hot and sweet 
pepper isolates in Karnataka were reported to be of A1 
mating type (Chowdappa et al., 2014).

It can be concluded from the present 昀椀ndings that the 
pathogen survives for few months when buried in soil as 
infected fruit with mycelium and sporangia. Mechanical 
collection and destruction of crop residue or infected 
plant part has to be carried out as a good practice to 
prevent burial and soil survival of inoculum. Residue 
management should be recognized as a component in 
integrated management programme against Phytophthora 
blight of sweet pepper.

P. capsici host range 

Weeds and native plants should be considered when 
endeavoring to manage and control plant pathogens of 
cultivated plants. Whether as a pest itself, vector of a 
pathogen, or reservoir of a pathogen or its vector, weeds 
could signi昀椀cantly in昀氀uence disease incidence. The 
relationship between these factors plays a critical role in 
determining disease incidence and impact (Wisler and 
Norris, 2005). In this study, pathogenicity experiments 
were conducted to examine experimental host range 
of Kadur isolate of P. capsici.  Pathogenicity of Kadur 
isolate was tested on eight weed hosts known to occur 
commonly in sweet pepper agroecosystem in Karnataka 
(Table 4).

Out of eight weeds tested (Table 4), slender amaranth 
(Amaranthus viridis L.), spurge (Euphorbia geniculata 
Ortega) and black nightshade (Solanum nigrum L.) 
were found as weed host for Kadur isolate of P. capsici. 
The isolate was infective on leaves of spurge, slender 

Table 4. Pathogenicity on common weeds found in sweet pepper ecosystem

Common Name Scienti昀椀c Name
Pathogenicity

Leaf Root

Slender amaranth Amaranthus viridis L. + -

Lantana Lantana camara L. - -

Spurge Euphorbia geniculata Ortega + -

Congress grass Parthenium hysterophorus L. - -

Black nightshade Solanum nigrum L. + +

Goat weed Ageratum conyzoides L. - -

Balloon vine Cardiospermum halicacabumL. - -

Madras pea pumpkin Cucumis maderaspatanus L. - -

G. M. Sandeep Kumar et al.
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amaranth and black nightshade. Root infection was 
observed only in black nightshade plant. Congress 
grass (Parthenium hysterophorus L.), lantana (Lantana 

camara L.), goat weed (Ageratum conyzoides L.), balloon 
vine (Cardiospermum halicacabum L.) and Madras pea 
pumpkin (Cucumis maderaspatanus L.) were not found 
to be host for this isolate of P. capsici. 

In previous host range and characterization studies, 
black nightshade (Solanum nigrum) is reported as a 
weed host of P. capsici (Tamietti and Valentino, 2001; 
Tian and Babadoost, 2004; French-Monar et al., 2006). 
In literature other weeds that are reported to harbor P. 

capsici includes; common Carolina geranium (Geranium 

carolinianum), American black nightshade (Solanum 

americanum) and common purslane (Portulaca 

oleracea) (Ploetz and Haynes, 2000; Ploetz et al., 2002). 
In addition, slender amaranth (Amaranthus viridis L.) 
and spurge (Euphorbia geniculata Ortega) were found 
host for P. capsici in this study. These two weeds have 
not been previously reported as host of P. capsici. 

The results of the present study validate that weeds 
can act as alternative host of P. capsici and contribute 
to its survival. Weeds as alternative hosts have 
epidemiological implications. In, sweet pepper growing 
regions of South India, oospores production of P. capsici 
in natural 昀椀elds was not reported. This is due to non-

existence of opposite mating types in the same 昀椀eld or 
geography. In the absence of oospore production, the 
pathogen has to over winter as mycelia, sporangia and 
zoospore propagules in infected plant debris buried in 
soil. However this survival is also for short duration. 
The identi昀椀ed weeds have the potential of serving as 
additional type of pathogen survival during offseason 
in addition to other survival strategies. Weed hosts 
and crop hosts should be considered when developing 
disease management strategy against P. capsici. Weed 
control should form essential component of P. capsici 
management strategy.

Strategies to manage plant disease from use of 
resistant varieties to crop rotation, elimination of 
reservoirs, landscape planning, surveillance, quarantine, 
risk modeling, and anticipation of disease emergences all 
rely on knowledge of pathogen host range (Morris and 
Moury, 2019). In this current study, pathogenicity of P. 

capsici Kadur isolate was tested on 36 crops commonly 
cultivated in sweet pepper agroecosystem in Karnataka. 
The results are presented in the Table 5.

The differential pathogenic response was observed in 
cucurbitaceous crops tested as experimental hosts (Table 
5). The pathogen was infective on fruits and leaves of 
watermelon, cucumber, gherkin, squash, pumpkin, ridge 
gourd, round melon, snake gourd and sponge gourd. On 

Table 5. Pathogenicity of P. capsici (Kadur isolate) on crops commonly cultivated in sweet pepper agroecosystem

Crop Genotype Scienti昀椀c Name
Pathogenicity

Leaf Fruit Root

Leguminous vegetables

Garden pea Arka Karthik Pisum sativum var. hortenseNeilr. - - -

Yard long bean Arka Mangala
Vigna unguiculata subsp. 
sesquipedalis (L.) Verdc.

- - -

Cow pea Arka Samrudhi Vigna unguiculata (L.) Walp. + + -

French bean Arka Sharath Phaseolus vulgaris L. + + -

Velvet beans Arka Shubra Mucuna pruriens (L.) DC. - - -

Solanaceous vegetables

Tomato NS501 Solanum lycopersicum L. + + +

Chilli Arka Lohith Capsicum annum L. + + +

Brinjal Arka Anand Solanum melongena L. - + -

Potato Kufri Jyoti Solanum tuberosum L. + + +

Survival and host range of Phytophthora capsici
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Cucurbitaceous vegetables

Cucumber NS 404 Cucumis sativus L. + + -

Gherkin Chandini RZF1 Cucumis sativus L. + + -

Bottle gourd Arka Bahar
Lagenaria siceraria (Molina) 
Standl.

- + -

Ash gourd Local Benincasa hispida (Thunb.) Cogn. - - -

Ridge gourd Arka prasan Luffa acutangula (L.) Roxb + + -

Sponge gourd Local Luffa aegyptiaca Mill. + + -

Snake gourd Local Trichosanthescucumerina L. + + -

Bittergourd Arka Harit Momordica charanita L. - - -

Pumpkin Arka Suryamukhi Cucurbita moschata Duchesne + + -

Squash SQ-14 Cucurbita pepo L. + + +

Watermelon Arka Muthu
Citrullus lanatus (Thunb.) Matsum. 
& Nakai

+ + +

Musk melon Arka Siri Cucumis melo L. - - -

Round melon Arka Tinda
Praecitrullus昀椀stulosus (Stocks) 
Pangalo

+ + -

Malvaceous vegetable

Okra Arka Nikita
Abelmoschus esculentus (L.) 
Moench

- + -

Cruciferous vegetables

Cauli昀氀ower White Wonder Brassica oleracea var. botrytis L. + -

Cabbage Golden Acre Brassica oleracea var. capitata L. + -

Piperaceae

Black pepper Panniyur 1 Piper nigrum L. + - -

Betel vine Mitha Paan Piper betle L. + - -

Millets

Foxtail millet SiA 3156 Setariaitalica(L.) P.Beauv. - - -

Little millet DHLM 36-3
Panicum sumatrense Roth ex 
Roem. & Schult.

- - -

Finger millet CFMV 1 Eleusine coracana (L.) Gaertn. - - -

Proso millet TNAU 202 Panicum miliaceum L. - - -

Barnyard millet
DHBM 93-2

Echinochloafrumentacea (ROXB.) 
LINK

- - -
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bottle gourd it was infective on fruits while non infective 
on leaves and root. Bitter gourd and ash gourd were not 
hosts without any foliar, fruit and root infection. Among 
13 cucurbitaceous hosts tested, only watermelon and 
squash took root infection.

Among solanaceous crops tested, the isolate was 
pathogenic on tomato, chilli and potato with infection 
on leaves, fruits and root. On brinjal, it was not infective 
on leaves and root but infective on fruits. The isolate was 
weakly pathogenic on cruciferous vegetables cabbage 
and cauli昀氀ower where only leaf infection was observed. 
None of the leguminous vegetables tested showed root 
infection. Leaf and pod infection was observed on 
French bean and cowpea. On malvaceous vegetable crop 
okra, only fruit infection was recorded. In piperaceae 
crops, black pepper and betel vine, only leaf infection 
was observed.  All the eight millets tested were found 
non-hosts for the Kadur isolate of P. capsici.

In other parts of the world, P. capsici is reported as 
a broad host range pathogen infecting cultivated crops, 
ornamentals and native plants belonging to more than 
15 families with major threat to cultivated crop plant 
families cucurbitaceae, fabaceae and solanaceae (Satour 
and Butler, 1967; Erwin and Ribeiro, 1996; Hausbeck 
and Lamour, 2004; Tian and Babadoost, 2004; French-
Monar et al., 2006; Granke et al., 2012b). In India, other 
than sweet pepper and hot pepper, black pepper, cocoa, 
betel vine and coconut are reported as cultivated hosts 
of P. capsici (Anandaraj et al., 1989; Chowdappa et al., 
1993; Kumar and Kumar, 2004; Jonathan et al., 2006; 
Prathibha, et al., 2018). 

Survival of plant pathogen inoculums determines the 
nature of disease initiation, dispersion and epiphytotics 
development. Knowledge on survival of plant pathogen 
on host and soil is required to break infection chain 

Kodo millet
RK 390-25

Paspalum scrobiculatum L.
- - -

Pearl millet
HHB67 Improved

Pennisetum glaucum (L.) R.Br.
- - -

Sorghum CSV27
Sorghum bicolor (L.) Moench

- - -

Maize Local Zea mays L. - - -

+ = Infective, - = Non infective

by devising suitable management interventions that 
reduce the source of inoculum and subsequent disease 
development. Phytophthora blight in sweet pepper 
is an emerging disease in India. The information on 
experimental host range generated in this study will 
help in risk analysis of further range expansion of 
this pathogen in the country. Crop sequence patterns 
should take in to account this host range information 
so as to reduce pathogen survival and perpetuation. 
Inter-cropping, mixed-cropping and sequence cropping 
of sweet pepper with solanaceous, cucurbitaceous, 
cruciferous and leguminous vegetables should be 
avoided. Cropping sequence with non-host crops like 
millets has to be practiced in areas where the disease is 
reported to be widely prevalent.
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
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ABSTRACT: The 昀椀eld survey conducted in Odisha state during 2014-18 to document major and new diseases of 
mango, a kind of super昀椀cial smudgy fungal blemishes were observed on fruits of late maturing mango varieties. The 
new type of super昀椀cial fungal blackening referred as 'Sooty blotch’ disease wherein, group of fungi colonize on waxy 
layer of fruit cuticle which downgrades the fruit quality and eye appeal by spoiling green fresh look of fruits. To 
manage the disease, series of studies were undertaken under 昀椀eld condition as well as after harvest as post-harvest dip 
treatments. Under 昀椀eld condition, among various protective fungicides evaluated, spray of 0.3 % copper oxychloride-
based formulation thrice at 昀椀fteen days interval (by scheduling the 昀椀rst spray before monsoon) provided satisfactory 
control by inhibiting the colonization of sooty blotch fungi.  Subsequently, various post-harvest dip treatments were 
also evaluated to remove the super昀椀cial blackening of fruits after harvest. Among them, dipping of blemished fruits in 
Arka mango wash for 10-15 minutes, followed by washing in water twice removed 99% of fungal blemishes from sooty 
blotch infected mangoes without any peel injury and post-harvest quality of fruits. 

Keywords: Mango, sooty blotch, 昀椀eld spray, fungicide, post-harvest dip treatment

INTRODUCTION

Number of factors affect the visual appearance of the 
fruits which may be physical, physiological, pathological 
or entomological. In market, the color of fruit, its 
appearance, 昀氀avor, texture and nutritional value are 
major attributes determining the consumer preference.  
In mango, anthracnose, bacterial canker, scab and sooty 
mould are the major diseases that affect the quality of 
the fruit and contributing to decreased quality in addition 
to insect pests and physical damages. New group of 
fungi referred as sooty blotch, colonise the waxy layer of 
mangoes, survive on fruit leachates and cause super昀椀cial 
skin blackening of fruits which is different from sooty 
mould fungi growing on sugary excretions of sap 
sucking insects. It causes a kind of cosmetic damage to 
the fruit without affecting the inside pulp quality. But 
its residual effect of skin blackening severely affects the 
consumer preference and marketability of fruits which 
in turn cause severe 昀椀nancial loss to the mango growers 
and traders. During survey, the sooty blotch symptoms 
were also recorded on banana, bael, anola, star goose 
berry, aou and many tree plants bordering the orchards. 
Skin blotching caused by sooty blotch cannot be easily 
removed by any water wash as that of sooty mould. In 
addition sooty blotch infection cannot be ignored as 
fresh and clean fruits are preferred for local or distant 
urban markets.  The mid and late season mango varieties 

whose maturity coincides with wet summer season 
were more prone to incidence of sooty blotch. In India 
occurrence of sooty blotch on mango was con昀椀rmed 
from several states viz., Odisha, Tamil Nadu, Karnataka, 
Uttar Pradesh, Andaman and Nicobar and West Bengal. 

Although there is a considerable knowledge of 
sooty blotch and 昀氀yspeck on other crops worldwide 
(Williamson and Sutton, 24; Gleason et al., 10), little is 
known about the etiology and control of sooty blotch in 
mango and no fungicide is having any label claim for its 
control in mango. In apple sooty blotch (SB) and Flyspeck 
(FS), are reported as major diseases. (Williamson and 
Sutton, 24; Batzer et al., 3; Diaz-Arias et al., 7). They 
grow on the epicuticular wax layer of apples (Nasu et al., 
18; Ocamb-Basu and Sutton, 19; Johnson et al., 13) and 
complex of SBFS fungi often coexist on the same fruit in 
the same orchards (Johnson and Sutton, 14; Williamson 
and Sutton, 24).  In the United States, SBFS epidemics 
in apple lead to downgrading fruit from premium 
market grade to processing use (Sutton & Sutton, (23); 
Williamson and Sutton, (24).Gleason et al.(10) reported 
an elaborate list of more than 50 fungi associated with 
SBFS fungal complex in apple. In mango, blotch has 
been reported to be caused by fungi like Zasmidium sp., 
Pseudocercospora sp., Mycosphaerella sp under Odisha 
condition (ICAR-IIHR Annual report, 2016-2017). 
However, fungi colonizing SBFS from other parts of the 
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country has to be established since it may vary according 
to the prevailing climatic condition as reported in apple 
(Gleason et al., 10).

In apple, strategic SBFS management strategies 
have been suggested by various workers based on 
cultural practices, chemical methods (Brown and 
Sutton, 4; Rosenberger et al., 21; Duttweiler et al., 8) 
and post-harvest treatments (Hendrix, 11; Batzer et 

al., 2).  In the regions of southeastern United States 
where high rainfall and relative humidity prevails, 
weekly application of fungicide was found inadequate 
to completely control this disease, resulting in a 5 to 
10% reduction in marketable apples (Mainand Gurtz, 
16). Therefore, growers experience sporadic control 
failures related to poor fungicide coverage, inadequate 
pruning, and environmental conditions that are highly 
favorable for SBFS development (Cooley et al., 6). It 
has been reported that sodium hypochlorite dips reduce 
the population of Botrytis cinerea, Mucor piriformis and 
Penicillium expansum on fruits and vegetables (Spotts 
and Peters, 22; Jones and Sutton, 15; Williamson, and 
Sutton, 24 and reduce the severity of SBFS (Colby, 5; 
Hendrix, 11; Winsiewsky et al. (25). 

For management of sooty blotch infection in mango, 
as such no control measures are available to control 
sooty blotch either at 昀椀eld level or after harvest. In 
order to adequately quantify the bene昀椀ts of various post-
harvest treatments, reliable and cost-ef昀椀cient assessment 
methods are needed.  Keeping the above points in view, 
the current study was inducted with the objective to 
evaluate the ef昀椀cacy of various fungicides to manage the 
sooty blotch infection at 昀椀eld level and to evaluate post-
harvest dip treatments to remove sooty blotch signs on 
mango fruits after harvest.  

MATERIALS AND METHODS

Protective fungicide spray for managing sooty blotch 

infecting mango under 昀椀eld conditions

The 昀椀eld trial was conducted during 2016-17 in 
Rayagada district of Odisha on the existing mango 
orchard on cv. Amrapali. Rayagada district has latitude 
of 26o N and a longitude of 94o 20’E with the average 
rainfall of approximately 1340.0mm. The fungicides 
which are already in use to manage mango diseases were 
taken for current study. The experiments were conducted 
using randomized block design with three replicates. All 
spraying schedule were carried out in line with standard 
commercial orchard practice. Each replicate consisted 
of 5-trees. Fungicides were applied @ 7-8 L per tree 
targeting mainly on fruits i.e., sprays were applied to 

runoff. Three sprays were given with an interval of 15 
days from May end with two consecutive sprays at 15 
days interval with fungicides as per detail given in Table 
1. Ten secondary branches  at mid- height (2 m) of each 
tree were marked, and all fruit on these branches (app. 
50 per tree) were observed once in a week from the day 
in which disease signs were 昀椀rst visually detected by 
the naked eye in the unsprayed check. These fruits were 
evaluated for sooty blotch incidence on the tree itself 
i.e., in situ for symptoms of sooty blotch(proportion 
of affected fruit in total number of fruits observed). At 
harvest, 100 fruits samples were arbitrarily collected 
across each treatment for assessing the disease severity 
and brought to laboratory by maintaining replication 
and treatment details.  In the laboratory, disease severity 
(percentage of fruit portion covered by symptoms) was 
visually estimated for individual fruit with the self-made 
severity scores of 0-5 scale, 0–Healthy; 1:<1% fruit 
surface covered with sooty blotch; 2: 1-10% fruit surface 
covered sooty blotch; 3: 11-25% fruit surface covered 
with sooty blotch; 4:26-50% fruit surface covered with 
sooty blotch; 5:>50% fruit surface covered with sooty 
blotch signs.

Post-harvest dip treatment for removal of fungal 

blackening caused by sooty blotch

To remove the super昀椀cial black fungal growth of 
mango fruits caused by sooty blotch, initial screening 
was carried out with certain treatments including IIHR- 
Pongamia soap and ordinary detergent soap. Brushing of 
infected fruits with detergent soap with the help of cotton 
or muslin cloth followed by washing with water yielded 
good result by removing 80-85 percent blackening but 
it was very laborious and tedious process.  However, 
brushing could lead to formation of minor wounds on 
fruit surface. Hence some improved methods were tried 
subsequently. Among hence various compounds tried 
to remove the blackening caused by sooty blotch, a 
selected treatment combination showed good results in 
removing the fungal blackening. Therefore, it was taken 
for detailed evaluation at various concentration (500, 
750, 1000 ppm), dipping time (5, 10, 15 mins) and pH 
(5.5, 6.5.7.5) with all possible combinations with 昀椀ve 
replication @20 fruits per replication. After post-harvest 
treatment, the fruits were washed with water twice and 
subjected sooty blotch severity scoring on 0-5 scale as 
described above.

Phytotoxicity studies of standardized technology

To know the potential effect of prolonged dipping time 
of selected treatment on mango skin, an experiment was 
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conducted on cv. Amrapali by dipping the sooty blotch 
infected mangoes in 1000ppm solution (with standard 
pH of 6.5) for 15, 30, 45, 60, 75, 90, 120 and 150 mins.  
After respective dipping time, fruits were washed with 
water and analyzed visually for peel injury. Similarly, to 
know the potential effect higher concentration of selected 
treatment (other than the recommended concentration 
of 1000 ppm) on peel, higher concentration 2000, 3000 
and 4000 ppm with 15- and 30-mins dipping time (with 
standard pH of 6.5) were evaluated on cv. Amrapali and 
fruits were washed with water and analyzed visually for 
peel injury. 

Evaluation of standardized post-harvest dip treatment 

on post-harvest quality parameters of mango

Those treatment showed best results were studied for 
their role on post-harvest quality parameters of mango. 
At IIHR-CHES, Bhubaneswar, fruits of Amrapali and 
Neelum were subject to analysis (after the post-harvest 
dip treatment with the standardized technology) for 
the parameters such as fruit 昀椀rmness, fruit shrinkage, 
peel color, pulp colour and sensory evaluation for its 
acceptability, percent weight loss and physico-chemical 
parameters such as acidity (%) and TSS (oBrix). Further, 
at Post Harvest Technology laboratory of ICAR-IIHR, 
Bengaluru, three mango varieties namely Alphonso, 
Amrapali, and Totapuri were subject to elaborate study 

(after the post-harvest dip treatment with the standardized 
technology) on ripening rate, TSS, fruit spoilage, and 
organoleptic quality during storage at room temperature. 

RESULTS AND DISCUSSION

Sooty blotch is a new disease infecting mango fruits 
which was documented during recent years in many 
states of India. Sooty blotch (SB) colonies appear as 
circular to irregular, olive-green to dull black fungal 
growth on a waxy layer of near maturing mango fruits 
(Fig 1A and B).  Flyspecks (FS) can be recognized by 
the presence of black shiny round fungal dots in groups 
that resemble the 昀氀y excreta (Williamson and Sutton, 
24). Both SB and FS were found on the same fruits and 
produce respective colonies. However, the occurrence 
of 昀氀yspeck is negligible in Odisha even though seen in 
other mango growing regions (data not shown). Sooty 
mould is fundamentally different from sooty blotch, as 
sooty mold grows on sugary excretions produced by 
sap-sucking tiny insects and produce fungal encrustation 
over the sugary excretions. Sooty blotch signi昀椀cantly 
reduces the market value of mangoes (Fig 2A) due to 
moisture loss and shrinkage of affected area (Fig 2B). 
Mango twigs act as a major source of inoculum. In 
addition sooty blotch fungi also colonizes the twigs of 
jack fruit, sapota, star gooseberry, acacia, simaruba, 昀椀g, 
piasala and Calatropis etc., and other avenue trees.

Fig1.  Sooty blotch incidence on mangoes (A), close up view of sooty blotch on a mango fruit (B)

Fig. 2. A. Sooty blotch infected mango fruits affects market value (2B) Moisture loss

Pre-and post-harvest management of sooty blotch of mango
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Table 1. Impact of fungicides against sooty blotch disease severity under 昀椀eld condition

Fungicide treatment# Sooty blotch disease severity (0-5 scale)

Copper oxychloride (0.2%) 1.91c

Copper oxychloride (0.3%) 0.97a

Thiophanate methyl (0.2%)) + Captan (0.3%)) 1.31b

Captan (2 gm/L) + Thiophanate methyl (0.1%) 2.20d

Thiophanate methyl (0.2%) 3.20 e

Control 3.79 f

#Three spray, Replication: 3 (@5 trees/replication)
In a column means followed by a common letter are not signi昀椀cantly different at 5 per cent (P=0.05) level by DMRT 

Different fungicides were evaluated to manage 
sooty blotch at 昀椀eld level in Kasipur block, Rayagada 
Dt of Odisha, on cv Amrapali. All 昀椀ve fungicide spray 
treatments signi昀椀cantly reduced sooty blotch severity 
compared to unsprayed control (Table 1). The highest 
sooty blotch control was achieved with a spray of 0.3% 
copper oxychloride thrice at an interval of 15 days 
starting from the end of May (Table 1; Fig 3). Besides, 
fruits received copper oxychloride (COC) spray, post-
harvest decay was very minimal till the end of shelf-
life period as against unsprayed control were partial to 
complete decay was observed (Fig 4 &5). The ef昀椀ciency 
of fungicides may vary according to the dominant 
pathogen species involved in causing sooty blotch in a 
particular region/location. Further, the time of spray has 
to be decided according to the local weather condition 
and expected period of rain. To increase the ef昀椀ciency 
of sooty blotch control, the fungicide coverage has to be 
improved by increasing the volume of water applied per 
unit area, reducing travel speed of sprayer and including a 
surfactant, if possible, to enhance fruit wetting. However, 

the time of spray (May/June/July) has to be decided 
for other regions/states of our country according to the 
expected period of rain and maturity period of mango. 
Therefore, region speci昀椀c evaluation of fungicide regime 
is required for SBFS control (Duttweiller et al., 2008).

The better approach for sooty blotch management 
is to protect the mangoes with prophylactic fungicides 
in the 昀椀eld itself, knowing the fact that sooty blotch 
spores are available in the 昀椀eld (in mango twigs and 
reservoir hosts) and it may initiate the infections on fruits 
at any time if the trees are exposed to an accumulated 
wetting period of 5-7 days. In apple, tri昀氀oxystrobin or 
carbendazim applied at pre-blossom and 昀氀owering stage 
reduced the incidence of 昀氀yspeck at harvest by an average 
of 70% compared with the untreated control (McKenna 
et al., 2012). In the mid western and northeastern United 
States, the strobilurin fungicides kresoxim-methyl and 
tri昀氀oxystrobin controlled SBFS in apple orchards as 
effectively as standard treatment of thiophanate-methyl 
plus captan (Babadoost et al., 1).

Fig. 3. Fruits received COC (0.3%) as pre harvest spray (left) and fruits without any spray (right)
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Fig. 4. Fruits received copper oxychloride 0.3% spray (le�) a�er harvest and 

one week a�er storage at room condition (right)

Fig. 5. Fruits didn’t receive copper oxychloride 0.3% spray (le�) a�er harvest 

and one week a�er storage at room condition (right)

Evaluation of post-harvest dip treatments for removal 

of blackening caused by sooty blotch

Efforts were intensi昀椀ed to 昀椀nd an alternate method 
to remove fungal blackening caused by sooty blotch 
on a waxy layer of fruits. Initial screening with several 
organic compounds and Generally Regarded As safe 
(GRAS) compounds were conducted including detergent 
soap and IIHR-Pongamia soap (data not shown). Among 
the various GRAS compounds evaluated, certain 
treatment combination gave good results in terms of 
removing the fungal blackening. Hence it was taken 

for detailed evaluation at a various concentration (500, 
750, 1000 ppm), dipping time (5, 10, 15 mins) and pH 
(5.5, 6.5.7.5). The interaction between the concentration 
selected treatment and dipping time revealed 15 mins 
dip recorded with lesser disease grade of 1.17 among 
other interactions (Table 2). Interaction between pH 
and dipping time revealed 15 mins dip with 6.5 pH with 
lesser disease grade of 2.08 (Table 3). Interaction among 
the varied concentration and pH evaluated, 1000ppm of 
selected treatment with pH 6.5 resulted in a lesser disease 
grade of 1.00 (Table 4).

Table 2. Two-way interaction between the concentration of selected best treatment and dipping time in reducing 

sooty blotch disease severity grade on fruits of cv Amrapali 

 Conc. 

Sooty blotch disease severity grade (0-5 scale) #

Dipping time

5 mins 10 mins 15 mins

500ppm 3.58g 3.04e 2.53d

750ppm 3.18f 2.46d 1.80b

1000ppm 2.03c 1.88b 1.17a

Control 5.00h 5.00h 5.00h

CD(0.05) 0.122

CD(0.01) 0.160

# Mean of 昀椀ve replication @ 20 fruits per replication
In a column means followed by a common letter are not signi昀椀cantly different at5 per cent (P=0.05) level by DMRT
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Table 3. Two-way interaction between pH of mango wash and dipping time in reducing sooty blotch disease 

severity grade on fruits of cv Amrapali 

Table 4. Two-way interaction between mango wash concentration and pH in reducing sooty blotch disease 

severity grade on fruits of cv Amrapali

Table 5. Post-harvest evaluation of dip treatment for removal blackening caused by sooty blotch in the varied 

concentration of mango wash, dipping time and pH

Dipping time 

Sooty blotch disease severity grade (0-5 scale) #

pH of mango wash

5.5 6.5 7.5

5mins 3.47c 3.18d 3.70f

10mins 3.11cd 2.75b 3.43e

15 mins 2.74b 2.08a 3.05c

CD(0.05) 0.105

CD(0.01) 0.139   

# Mean of 昀椀ve replication @ 20 fruits per replication
In a column means followed by a common letter are not signi昀椀cantly different at5 per cent (P=0.05) level by DMRT

#Mean of 昀椀ve replication @ 20 fruits per replication
In a column means followed by a common letter are not signi昀椀cantly different at5 per cent (P=0.05) level by DMRT

 Conc 

Sooty blotch disease severity grade (0-5 scale) #

pH of mango wash

5.5 6.5 7.5

500ppm 2.98f 2.76e 3.41g

750ppm 2.61d 1.92b 2.91f

1000ppm 1.83b 1.00a 2.25c

Control 5.00h 5.00h 5.00h

CD(0.05) 0.121

CD(0.01) 0.160   

 Conc. x Dipping time

Sooty blotch disease severity grade (0-5 scale) #

pH of mango wash

5.5 6.5 7.5

500ppm x 5 min 3.56k 3.36k 3.84l

500ppm x 10 min 2.88ij 2.76hij 3.48k

500ppm x 15 min 2.52fg 2.16e 2.92j

750ppm x 5 min 3.36k 2.68ghi 3.52k

750ppm x 10 min 2.56fgh 2.02de 2.82ij
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Table 6. Analysis of variance for sooty blotch disease grade for 4x3x3 factorial experiment

#Mean of 昀椀ve replication @ 20 fruits per replication
In a column means followed by a common letter are not signi昀椀cantly different at5 per cent (P=0.05) level by DMRT

** Signi昀椀cant at 1% level.

750ppm x 15 min 1.92d 1.08b 2.40f

1000ppm x 5 min 1.98de 1.68c 2.44f

1000ppm x 10 min 2.00de 1.24b 2.42f

1000ppm x 15 min 1.52c 0.25a 1.90d

Control 5.00m 5.00m 5.00m

CD(0.05) 0.211

CD(0.01) 0.278

Sources of variation df Mean square

Treatment 35 9.215**

Concentration (Conc.) 3 89.258**

Dipping time 2 10.279**

pH 2 7.922**

Conc.  x Dipping time 6 1.424**

Dipping time x pH 4 0.307**

Conc. x pH 6 1.200**

Conc. x Dipping time x pH 12 0.116**

Err 144 0.028

Total 179 1.825

The results of three-way interactions revealed mango 
wash concentrations of 1000ppm, having pH 6.5- and 
15-mins dipping time recorded the least disease grade 
of 0.25 among the varied concentration, pH and dipping 
time evaluated. This above-said combination resulted 
in 95 % removal of mango blackening caused by sooty 

blotch colonization on fruit skin (Table 5; Fig 6). The 
昀椀nal analysis of the variance table revealed that among 
the treatments involving the varied concentration of 
mango wash, pH and dipping time and their interaction 
were all signi昀椀cant at 1% level (Table 6).

Fig. 6. Mangoes infected with sooty blotch infection. Fruits before (left) and after (right) post-harvest dip treatment
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Effect of range of dipping time and concentration on 

mango fruits cv. Amrapali

Mango wash was tested for maximum dipping time 
which may have the potential to cause peel injury of 
mangoes. For that, fruits were dipped in 1000ppm of 
mango wash having pH 6.5 with varied dipping time 

(15, 30, 45, 60, 90, 120, and 150 mins). There was no 
peel injury on mangoes up to 90 mins of dipping time. 
However, 120 mins dipping time resulted in 10 % peel 
injury and 150 mins dipping time resulted in 25 -50% 
peel injury of mangoes (Table 7).

Table 7. Effect of dipping time in 1000pppm of mango wash on mango fruit scv. Amrapali

Table 8. Effect of high concentration of mango wash on mango fruits cv. Amrapali

Table 9. Experimentation of Arka mango wash at IIHR, Bengaluru on different varieties of mango

Dipping time (in mins) in 1000 ppm of mango 
wash- 6.5 pH

15 30 45 60 90 120 150 

Percent tissue damage≠ 0 0 0 0 0 1 – 10 25-50 

≠Mean of 昀椀ve replication @ ten fruits per replication

≠ Mean of 昀椀ve replication @ ten fruits per replication.

Conc. of mango wash (ppm)

1000 2000 300 4000

Dipping time (min) 15 30 15 30 15 30 15 30 

Percent tissue damage≠ 0 0 0 0 0 0 0 10-25

Mango wash was tested at the higher range of 
concentration to know the potential effect of mango 
wash to cause peel injury on mangoes. This can serve as 
the precautionary note to the growers. Mango fruits cv. 
Amrapali was dipped in 1000, 2000, 3000 and 4000ppm 
(with standard pH of 6.5) of mango wash for 15 and 
30 mins respectively resulted in no peel injury up to 
3000ppm. However dipping of mangoes in 4000ppm for 
30 mins resulted up to 25% of peel injury (Table 8). 

Validation of technology on various mango varieties

This 昀椀nal standardized technology was validated in 

other varieties of mangoes such as Alphonso, Neelum, 
Maylepelian (rootstock) and Totapuri including 
Amrapali at IIHR, Bengaluru, Karnataka state. In all 
variety, the above said treatment involving mango 
wash concentration of 1000ppm, having pH 6.5- and 
15-mins dipping time resulted in 100 percent removal 
of mango blackening caused by sooty blotch (Table 9). 
However, mango wash had nil effect on fruits having 
spots or symptoms caused by other fungi as evidenced 
with totapuri fruits during experimentation at IIHR, 
Bengaluru.

Sooty blotch Disease grade Mango varieties

Alphonso Neelum Amrapali Totapuri Maylepelian

Before dip treatment 3 3 3 2 4

After dip treatment 0 0 0 0 0

Standardized Methodology

The required quantity of solution A has to be added 
in 10 L of potable water immediately before treatment in 

a plastic container to make 1000ppm and with pH of 6.5 
by adding solution B. The sooty blotch infected mango 
fruits had been dipped in the solution for a maximum of 

Sangeetha Ganesan et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 172-185 (2024)



180

Table 9. Evaluation of standardized ‘Arka Mango wash’ on fruit 昀椀rmness and quality parameters of mangoes

Table 10. Evaluation of standardized ‘Arka Mango wash’ on percent weight loss and physico-chemical parameters 

of mangoes

15 mins and washed twice in the water to remove the 
residual effect of chemicals. 

Post-harvest quality studies of mangoes dipped in 

Standardized ‘Arka mango wash’

Mango fruit varieties of Amrapali and Neelum were 
subjected to analysis of post-harvest quality parameters 
such as fruit 昀椀rmness, fruit shrinkage, peel color, pulp 

colour and sensory evaluation for its acceptability, 
percent weight loss and physico-chemical parameters of 
mangoes such as acidity (%) and TSS (oBrix) at IIHR-
CHES, Bhubaneswar. It was concluded that standardized 
‘Arka mango wash’ had no adverse effect on fruit quality 
and physico-chemical properties of treated fruits of 
tested varieties and retained all desired parameters. 
(Table 9&10). 

Treatment

Amrapali Neeum

Treated fruits Untreated fruits Treated fruits
Untreated 

fruits

Fruit 昀椀rmness (N) 20 15 6.5 6.2

Fruit shrinkage Nil Nil Nil Nil

Peel colour* 3 3 5 5

Pulp colour Deep orange Deep orange Yellow Yellow

Sensory evaluation for overall 
acceptability# 6 6 6 6

*Assessment of fruit colour: [Index 1-6  Dull Green-1; Light green-2;  Greenish Yellow-3; Yellowish Green-4;  Light 
Yellow-5;  Yellow orange-6 (Fama, 2006)]
#Sensory evaluation for overall acceptability based on 昀氀avor, taste, and acceptance [Scale 1-10: 9-10- Excellent; 6-8 
Good; 4-5 Fair; 1-3 Poor].

Treatment

Var. Amrapali Var. Neelam

Treated fruits Untreated fruits Treated fruits Untreated fruits

6d 8d 6d 8d 6d 8d 6d 8d

Percent weight loss 3.74 9.6 3.7 10.6 3.3 4.8 3.5 5.9

Acidity (%) 0.35 0.21 0.32 0.16 0.19 0.16 0.19 0.16

TSS (oBrix) 15.6 17.1 15.9 17.6 18.4 18.6 18.6 19.3

Further, three mango varieties namely Alphonso, 
Amrapali, and Totapuri were subjected to elaborate study 
at Post Harvest Technology laboratory, ICAR-IIHR, 
Bengaluru to know the effect of standardized ‘Arka 
mango wash’ on ripening rate, TSS, fruit spoilage, and 
organoleptic quality of mangoes during storage at room 
temperature. The ripening rate (Table 11), TSS (Table 

12), organoleptic quality (Table 13), and fruit spoilage 
(Table 14) of all three mango varieties were found no 
undesirable effect on fruits subjected with ‘Arka mango 
wash’ and further it was also noted that this technology 
could also increase the shelf life of treated fruits by 
delaying the fruit spoilage compared to untreated 
mangoes. 
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Table 11. Effect of standardized ‘Arka mango wash’ on the ripening rate of three mango varieties

Table 12. Effect of standardized ‘Arka mango wash’ on TSS of three mango varieties during storage at RT

Table 13. Effect of standardized ‘Arka mango wash’ on the organoleptic quality of three mango varieties during 

storage at RT

Treatment Ripening rate (1-5 scale)

Alphonso

3d 5d 7d 9d 12d 14d 16d

Treated 1.88 2.61 3.17 4.40 4.28 4.54 4.65

Control 1.99 2.61 3.24 4.10 4.31 4.68 4.61

Amrapali

3d 5d 7d 9d 12 d 14 d 16 d

Treated 1.08 1.29 2.02 4.20 4.65 4.83 5.00

Control 1.00 1.15 2.12 4.27 4.73 4.97 5.00

Totapuri

3d 5d 7d 9d 12d 14d 16d

Treated 1.02 1.08 1.13 1.41 1.67 2.88 3.54

Control 1.00 1.00 1.10 1.34 2.42 3.03 3.74

(1-5 scale: 1-unripe, 2-quarter ripe; 3- half ripe; 4-3/4th ripe; 5-completely ripe) 

Treatment TSS  (oBrix) taken on respective days after treatment

9 d 12 d 14 d 17 d

Alphonso

Treated 17.17 - 18.05 -

Control 18.24 - 18.65 -

Amrapali

Treated 22.11 20.75 - -

Control 23.30 22.20 - -

Totapuri

Treated - - 16.36 17.00

Control - - 16.58 17.23

Treatment Organoleptic quality*scale of 1-5 #

Appearance pulp colour pulp texture Taste off 昀氀avour

Alphonso

Treated 3.15 3.79 3.62 3.94 nil

Control 2.46 3.71 3.62 3.79 nil
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Table 14. Effect of standardized ‘Arka mango wash’ on fruit spoilage of three mango varieties during storage at 

RT

Table 15. Validation of standardized ‘Arka mango wash’ at Experimental farm of Directorate of Horticulture 

(DERAS farm), Odisha farm on the bulk quantity of mango var. Amrapali

Amrapali

Treated 4.17 4.04 3.75 4.19 nil

Control 3.69 4.00 3.44 3.62 nil

Totapuri

Treated 3.65 3.58 3.02 3.42 nil

Control 3.33 4.08 3.38 3.65 nil

*Evaluated with a panel of 13 members #Scale 1-5: 1- very poor; 2- poor; 3- average 4- good; 5- very good

Treatment Percentage of fruit spoilage

Alphonso

7 days 9 days

Treated 0.0 15.41

Control 0.0 29.7

Amrapali

7 days 9 days

Treated 0.0 3.92

Control 0.0 7.78

Totapuri

7days 12 days 14days

Treated 0.0 8.37 12.35

Control 0.0 10.05 15.14

Sooty blotch disease grade of mango var. Amrapali                               

(0-5 scale)

Percent disease reduction 

over control

Before Treatment After Treatment 

2 0 100

3 0 100

4 0 100

5 0.25 95

Fig. 7. Mango fruits cv. Amrapali with disease grade 4 before and after treatment at

Experimental farm of Directorate of Horticulture (DERAS farm), Odisha
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The standardized ‘Arka mango wash’ has been 
validated on around 80 tonnes of Amrapali mangoes 
(received from the Tribal sub-plan (TSP) villages of 
Rayagada district of Odisha) at Experimental farm of 
Directorate of Horticulture, Odisha (DERAS farm) and 
at farmer’s orchard at Kasipur, Rayagada. The received 
infected mangoes were separated into groups based 
in their disease grades. Fruits up to disease grade of 4 
resulted in 100% removal of mango blackening after 

treatment and disease grade 5 fruits resulted in 95% 
removal after treatment compared to control groups (Fig 
7, 8and 9).  After removal of sooty blotch blemishes, 
these mangoes were sold at a fair price as appearance 
looks good when compared to untreated blackened 
mangoes. The untreated blackened mangos fetches for 
poor price, wherein buyers and traders were reluctant to 
purchase them from the farmers. 

Fig. 8. Large scale validation of ‘Arka mango wash technology’ on var. Amrapali at Experimental farm of 

Directorate of Horticulture, Odisha (DERAS farm), Bhubaneswar.

Fig. 9. ‘Arka mango wash technology’ at a farmer orchard, Rayagada, Odisha

Economics of standardized ‘Arka mango wash’ 

Rate on 1 kg of healthy mango cv. Amrapali = Rs. 20/-; 

Rate of 1 kg of mango with blackened appearance = less 
than Rs. 10/-                                                                                                        

The cost involved for chemicals to treat one tonne of 
mango = Rs. 750/- 

Labour charge for treating one tonne of mango = Rs 250/- 

The total cost involved for treating one tonne of mangoes 
= Rs.1000/- (Rs. 1/kg of fruits)

Precautions to be noted 

To ensure the availability of suf昀椀cient concentration 
of chemical, the water condition has to be monitored, and 

it is advised to change the water after every 3-4 washes. 
The water used for the treatment should be of potable 
water quality (water quality parameters have to be as 
per drinking water guideline mainly concerning pH, 
hardness, turbidity, dissolved solids, sodium, chlorine, 
etc.,) to get the desirable result of this above technology. 
As the deep bore well water having increased dissolved 
solids and undesirable parameter that interfere in 
achieving the desirable results as observed in our course 
of experiments too. Therefore, before initiating the 
treatment on large scale, the treatment has to be done on 
small scale to ensure the desired results as the treatment 
largely depends on the use of good quality water.

In the case of apple, 昀椀ve-to-seven-minute dip in 500 
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ppm chlorine, followed by brushing and a freshwater 
rinse, reduced incidence of SB from 100 to 0% and FS 
from 100 to 27% (Hendrix, 11).  Batzer et al. (2) reported 
that a 7-min dip of apple infected with SBFS in 800 ppm 
chlorine resulted in a mean increase from 25 and 55% 
to 100% Extra Fancy grade for ‘Jonathan’ and ‘Golden 
Delicious’ apples, respectively, and increased market 
value by 31 and 14%, respectively. 

For holistic sooty blotch management in mango, 
the orchard should always have full sunlight, good 
air circulation, with proper water drainage. Further, 
a regular pruning schedule has to be followed as per 
recommendation, which will eliminate unnecessary plant 
growth and excessive shading thereby increase the air 
movement. Further in the author’s view, controlling of 
fungal blackening caused by sooty blotch infection at 昀椀eld 
level found to be the better option to retain the freshness 
of mangoes as the post-harvest treatment removes the 
waxy layer available on the fruit along with the fungal 
growth because sooty blotch fungi colonize on the waxy 
layer to utilize the fruit leachates leaked out of the fruit. 
Hence the mangoes will lose the glossy appearance even 
though the blackening is removed. However, the Arka 
Mango wash technology can be used as a feasible option 
for sooty blotch removal to increase the retail value of 
the fresh-market fruits, if the grower missed to take the 
advantage of fungicide management program. 

ACKNOWLEDGMENT

The  authors are thankful to the Director, ICAR-
IIHR, Bengaluru for providing facilities for conducting 
experiment.

REFERENCES

Babadoost, M., Gleason, M. L., McManus, P. S., and 
Helland, S. J. 2004. Evaluation of a wetness-based 
warning system and reduced-risk fungicides for 
management of sooty blotch and 昀氀yspeck of apple. 
Horticulture Technology, 14:27-33.

Batzer, J. C., Gleason, M. L., Harrington, T. C. and 
Tiffany, L. H. 2005. Expansion of the sooty 
blotch and 昀氀yspeck complex on apples based on 
analysis of ribosomal DNA gene sequences and 
morphology. Mycologia, 97: 1268-1286.

Batzer, J. C., Gleason, M. L., Weldon, B., Dixon, P. M., 
and Nutter, F. W. 2002. Evaluation of post harvest 
removal of sooty blotch and 昀氀yspeck on apples 
using sodium hypochlorite, hydrogen peroxide 
with peroxyacetic acid, and soap. Plant Diseases, 

86: 1325-1332.

Brown, E. M. and Sutton, T. B. 1986. Control of 
sooty blotch and 昀氀yspeck of apple with captan, 
mancozeb, and mancozeb combined with dinocap 
in dilute and concentrate applications. Plant 

Diseases, 70 :281-284.

Colby, A. S. 1920. Sooty blotch of pomaceous fruits. 
Trans III. Academy of science, 13:139-179.

Cooley, D. R., Gamble, J. W., and Autio, W. R. 
1997. Summer pruning as a method for 
reducing 昀氀yspeck disease on apple fruit. Plant 

Diseases,81:1123-1126.

Diaz -Arias, M. M., Batzer, J. C., Harrington, T. C., 
Wong, A.W., Bost, S. C., Cooley, D. R., Ellis, M. 
A., Hartman, J. R., Rosenberger, D. A., Sundin, 
G.W., Sutton, T. B., Travis, J.W., Wheeler, M. J., 
Yoder, K. S. and Gleason, M. L. 2010. Diversity 
and biogeography of sooty blotch and 昀氀yspeck 
fungi on apple in the Eastern and Midwestern 
United States. Phytopathology,100: 345-355.

Duttweiler, K. B., Gleason, M. L., Dixon, P. M.,  Sutton, 
T. B., Mcmanus, P. S. and Monteiro, J. E. B. A. 
2008. Adaptation of an apple sooty blotch and 
昀氀yspeck warning system for the Upper Midwest 
United States. Plant Diseases, 92: 1215-1222.

Giraldo, L. F., R. A. Forero., C. R. Salazar and R. Torres. 
1977. The effect of packaging and potassium 
permanganate on the storage of tomatoes under 
room conditions. Ravista Institute. Collanbiano 

Agropecuario, 12: 393-405. 

Gleason, M. L., Batzer, J. C., Sun, G., Zhang, R., Díaz 
Arias, M. M., Sutton, T. B.,Crous, P.W., Ivanović, 
M., Mcmanus, P. S., Cooley, D. R., Mayr, U., 
Weber, R. W. S., Yoder, K. S., Del Ponte, E. M., 
Biggs, A. R. and Oertel, B. 2011. A new view 
of sooty blotch and 昀氀yspeck. Plant Diseases, 

95:368-383.

Hendrix, F. F., Jr. 1991. Removal of sooty blotch and 
昀氀yspeck from apple fruit with a chlorine dip. Plant 

Diseases, 75:742-743.

ICAR-IIHR Annual Report 2016-17, ICAR-
Indian Institute of Horticultural Research, 
Bengaluru-560089, 57.

Johnson, E. M., and Sutton, T. B. 2000. Response of 
two fungi in the apple sooty blotch complex to 
temperature and relative humidity. Phytopathology, 

90:362-367.

Pre-and post-harvest management of sooty blotch of mango

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 172-185 (2024)



185

Johnson, E. M., Sutton, T. B. and Hodges, C. S. 1997. 
Etiology of apple sooty blotch disease in North 
Carolina. Phytopathology, 87:88-95.

Jones, A. L. and Sutton, T. B. 1996. Diseases of Tree 
Fruits in the East. Michigan State University 

Extension Publications, E154.

Main, C. E. and Gurtz, S. K. 1988. 1987 Crop Losses 
due to Plant Disease and Nematodes. N.C. State 
University. Department of Plant Pathology Special 

Publications, 8

Nasrin, M. M., Molla, M., Alamgir Hossae, M. S. 
Alamand Yasmin, L. 2008. Effect of postharvest 
treatments on shelf life and quality of tomato. 
Bangladesh Journal of Agricultural Research, 33: 
579-58.

Nasu, H. and Kunoh, H. 1987. Scanning electron 
microscopy of 昀氀yspeck of apple, pear, Japanese 
persimmon, plum, Chinese quince, and pawpaw. 
Plant Diseases, 71:361-364.

Ocamb-Basu, C. M. and Sutton, T. B. 1988. The effects of 
temperature and relative humidity on germination, 
growth, and sporulation of Zygophialajamaicensis. 
Phytopathology, 78:100-103.

Ritenour, A., Sargent, S. A. and Bartz. J. A 2014. Chlorine 
Use In Produce Packing Lines. Publication 
.HS761/CH160 accessed https://edis.ifas.u昀氀.edu/
pdf昀椀les/CH/CH16000.pdf .

Rosenberger, D. A., Engleberger, F. W. and Meyer, F. 
W. 1996. Effects of management practices and 
fungicides on sooty blotch and 昀氀yspeck diseases 
and productivity of Liberty apples. Plant Diseases, 

80:798-803.

Spotts, R. A. and Peters, B. B. 1980. Chlorine and 
chlorine dioxide for control of d’Anjou pear decay. 
Plant Diseases,  64:1095-1097.

Sutton, A. L. and Sutton, T. B. 1994. The distribution 
of the mycelial types of Gloeodespomigea on 
apples in North Carolina and their relationship to 
environmental conditions. Plant Diseases, 78:668-
673.

Williamson, S. M. and Sutton, T. B. 2000. Sooty blotch 
and 昀氀yspeck of apple: Etiology, biology, and 
control. Plant Diseases, 84:714-724.

Winsiewsky, M. A., Glatz, B. A., Gleason, M. L. and 
Reitmeier, C. A. 2000. Reduction of Escherichia 
coli O157:H7 counts on whole fresh apples 
by treatment with sanitizers. Journal of Food 

Protection, 63:703-708.

MS Received: 09 May 2024

MS Accepted: 26 May2024

Sangeetha Ganesan et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 172-185 (2024)



186

Screening of F
1
 intergeneric hybrid progenies of papaya for papaya ringspot virus 

(PRSV) resistance

R. JAYAVALLI

Horticultural College and Research Institute for Women, Tamil Nadu Agricultural University, Tiruchirappalli, Tamil 
Nadu, India.

*E-mail: jayavallirajappa@yahoo.co.in

ABSTRACT : The present investigation was undertaken to develop papaya ringspot virus (PRSV)  resistant papaya 
hybrids through intergeneric hybridization. Intergeneric hybridization was done involving nine Carica papaya cultivars as 
female and Vasconcellea cauli昀氀ora as male. Intergeneric F

1
 hybrids were arti昀椀cially inoculated. Arti昀椀cial screening for 

papaya ringspot virus was carried out 27 days after sap inoculation. Out of twenty nine F
1
 hybrid plants of CO 7 x V. 

cauli昀氀ora, only six plants (CO 7V1 to CO 7V6) were found free from PRSV symptoms. Similarly, out of 昀椀fty 昀椀ve F
1
 

hybrid plants of Pusa Nanha x V. cauli昀氀ora only twenty three (PNV1 to PNV23) were found free from the symptoms 
and seventy plants (CPV1 to CPV70) out of 335 plants of CP50 x V. cauli昀氀ora were found free from PRSV symptoms. 
Molecular markers ISSR markers were used to check and verify the hybridity. The resistance of the hybrids and parents 
were subjected to DAS ELISA test. ELISA titre value varied from 0.216 to 0.927. Among the parents, the resistant male 
parent V. cauli昀氀ora had recorded the lowest titre value of 0.216. However, the susceptible female parent CO 7 recorded 
the highest titre value of 0.972 followed by Pusa Nanha 0.952 and CP50 0.942. Among the hybrids ELISA titre value 
ranged from 0.218 to 0.29.

Keywords: Carica papaya, Vasconcellea cauli昀氀ora, intergeneric hybrids, papaya ringspot virus, resistance
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 

3 Union Territories. The decrease in yields of coconut 

Diaphania indica
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INTRODUCTION

Papaya (Carica papaya L.) is one of the most 
important fruits of tropical and subtropical regions of 
the world and belongs to family Caricaceae. India is the 
largest producer of papaya in the world. In India, it is 
commercially cultivated in Andhra Pradesh, Gujarat, 
Maharashtra, Karnataka, West Bengal, Assam, Orissa, 
Madhya Pradesh, Manipur, Tamil Nadu and Bihar and 
certain extent in Kerala. Papaya is affected by a number 
of diseases caused by various pathogens and viruses. 
Now a days the most destructive disease of C. papaya 
worldwide is papaya ring spot caused by papaya ring 
spot virus (PRSV) -type P Litz, (1984), Manshardt, 
(1992), a de昀椀nitive potyvirus species in the Potyviridae 
(Shukla et al., 1994). PRSV is grouped into two types, 
Type P (PRSV – P) infects cucurbits and papaya and 
type W (PRSV-W) infects cucurbits but not papaya 
(Gonsalves, 1998). Almost all cultivated varieties are 
highly susceptible.  Carica cauli昀氀ora J., a wild species 
having non-edible fruits is known to be resistant for this 
viral disease (Jimenez and Horovitz, 1957). Now the 
species cauli昀氀ora has been grouped under the genera 
Vasconcellea (Vegas et al., 2003).

Incidence of PRSV has been reported to be more than 
90 per cent in India (Varma, 1996; Jagadish Chandra 
and Samuel, 1999) and rendering papaya orchards 

economically unviable (Hema and Theertha Prasad, 
2003). The results of the roving survey for papaya 
ringspot incidence in Karnataka revealed the presence 
of the disease in all the districts ranging from 75 to 100 
per cent except Udupi, Hassan and Kodaku (Kunkalilkar 
Suresh and Byadgi, 2004). In Tamil Nadu, the disease 
was 昀椀rst noticed in Coimbatore during 2003 (Jyoti 
Sharma et al., 2004). The present study was conducted 
to evaluate intergeneric F

1
 hybrids of papaya for their 

resistance to PRSV.

MATERIALS AND METHODS

Plant materials

Seedlings were arti昀椀cially inoculated with papaya 
ring spot virus through arti昀椀cial inoculation method. The 
seedlings showing initial resistance alone were taken to 
昀椀eld for further evaluation. The details of the parents and 
F

1
 seedlings are presented in Table 1. 

Mechanical inoculation of PRSV toparents, F
1 

progenies

One gram of infected leaves was ground in a 
pre-chilled mortar and pestle using 1 ml of 0.1M 
chilled sodium phosphate buffer (pH 7.2) containing  
β-mercaptoethanol and 0.01 M EDTA. The sap was rub 
inoculated using the pestle or glass rod on the young 
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leaves of seedlings at 3 leaves stage previously dusted 
with carborundum powder 600 meshes. After 5 minutes, 
the excess sap was washed off by distilled water.  The 
disease incidence and intensity score was given using 
the scale developed by Dhanam (2006). Details of the 
disease incidence and intensity score scale are presented 
in APPENDIX I.

Transplanting

Experiment was laid out in a Randomized Block 
Design with three replications. Forty 昀椀ve day old healthy 
seedlings along with parents (6 seedlings each) were 
planted at a spacing of 1.8 × 1.8 m and standard package 
of practices were followed during the period of study. 

Hybridity con昀椀rmation using ISSR markers

To con昀椀rm the hybridity of these intergeneric progenies, 
ISSR marker analysis was carried out using six CO 7 
x V. cauli昀氀ora, twenty three Pusa Nanha x V. cauli昀氀ora 
and seventy plants of CP50 x V.cauli昀氀ora. DNA from 
leaves of parents and F

1 
was carried out following CTAB 

method (Doyle and Doyle, 1987). PCR reaction was 
performed using 6 (ISSR) primers. PCR reaction was 
carried out in total volume of 10 μl in 96 tubes PCR 
plates. Following were the master mix of solution for 
one reaction. For ISSR primers, reagents of 10 X Taq 
buffer + MgCl

2
 (15 mM) on 1.0 μl, dNTP (2 mM )on 1.0 

μl, Primers 10µM 1.0 μl  (0.5μl each for combination), 
Taq polymerase ( 3 IU / μl) on 0.1 μl, Sterile double 
distilled water on 4.9 μl and Template DNA 10 ng / 
μl on 2 μl. Cycling pro昀椀le- Touch down protocol was 
followed for all the primers. PCR cycles included initial 
denaturation at 94°C for 3 min followed by 19 cycles 
of 30 Sec (-0.5oC ) denaturation at 94°C, annealing at 
63°C for 30 sec and 1 min in extension at  72°C. Again 
19 cycles of 15 Sec denaturation at 94°C, annealing at 
55°C for 30 sec, 1 min in extension at 72°C, 10 min in 

昀椀nal extension at 72°C and in昀椀nitive 昀椀nal hold at 4°C. 
Electrophoresis was performed in 1.5 per cent agarose 
with 120V for 2 hours.

Source of antiserum and positive sample: Antibody 
for PRSV and their positive samples were provided 
from DSMZ, Braunschweing, Germany. DAS-ELISA 
was performed for the detection of PRSV by following 
the manufacturer’s instructions (DSMZ Gmbh, 
Braunschweig, Germany). Puri昀椀ed IgG was diluted in 
coating buffer (1:1000) and 200 μl was added to each 
well of a micro titer plate (Grainer). The plates were then 
incubated at 37oC for 2 to 4 hours and thereafter plates 
were washed with PBS-T using wash bottle, soaked for 
a few minutes and repeat washing for twice. Plates were 
blotted by tapping upside down on tissue paper. 200 μl 
aliquots of the test sample (extracted in sample extraction 
buffer) were added to duplicate wells. The plates were 
incubated overnight at 4oC. The plates were washed as in 
earlier and added with 200 μl of the anti-virus conjugate 
(1:500) to each well and incubated at 37oC for 2 hours. 
Then the plates were washed three times as done earlier. 
Finally, 200 μl of freshly prepared substrate (10 mg 
ρ-nitro phenyl phosphate (Sigma 104-105) dissolved in 
10 ml of freshly prepared substrate buffer) was added to 
each well and incubated in dark at room temperature for 
20 to 45 minutes or as long as necessary to obtain clear 
reactions. Spectrometric measurement of absorbance 
was then read at 405 nm (EL 800, BIO-TEK Instrument 
Inc., and USA). The reaction was stopped by adding 50 
μl of 3 M NaOH. Buffer served as negative control.

RESULTS AND DISCUSSION

Screening of F
1
 progenies through arti昀椀cial inoculation 

against PRSV under glass house conditions

In a perennial crop like papaya, 昀椀eld screening for 
diseases is very dif昀椀cult since, it requires a larger area for 

Table 1. Scale of disease incidence and intensity score 

Reaction Intensity score Symptom

Apparently healthy (AH) 0-1 0 = No disease symptoms

Moderately resistant (MR) 1-2 1 = Slight mosaic on leaves
2 = Mosaic patches and / or necrotic spots on leaves

Moderately susceptible (MS) 2-3 3 = Leaves near apical meristem deformed slightly, 
yellow, and reduced in size

Susceptible (S) 3-4 4 = Apical meristem with mosaic and deformation

Highly susceptible (HS) >4 5 = Extensive mosaic and serious deformation of 
leaves, or plant death).

R. Jayavalli et al.
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planting. Hence, screening in glass houses in the nursery 
stage proved quick and rapid method. Observation 
for PRSV was done 27 days after inoculation. A total 
number of 29 seedlings in CO 7 x V.cauli昀氀ora, 55 plants 
in Pusa Nanha x V.cauli昀氀oraand 335 plants in CP50 x 
V.cauli昀氀ora were arti昀椀cially inoculated with papaya 
ringspot virus through sap inoculation method. Typical 
PRSV symptom of mottling of leaves and water soaked 
lesions on stems were observed in the susceptible parents 
and the hybrids. Regarding the female parents, all were 
found to exhibit the virus symptoms uniformly after sap 
inoculation. Symptom free F

1
 hybrids were transplanted 

in the main 昀椀eld for further evaluation. The failures of 
PRSV symptoms to develop on the manually inoculated 
hybrid plants indicate the incorporation of genes resistant 
to PRSV (Table 1).  Further, the wild genus V. cauli昀氀ora 
was found to be completely resistant to the strain PRSV 
prevalent in Coimbatore area of Tamil Nadu, India 
(Manoranjitham et al., 2008).

Hybridity con昀椀rmed intergeneric hybrids

Three intergeneric hybrids of CO 7 x Vasconcellea 

cauli昀氀ora crosses out of six, eight intergeneric hybrids of 
Pusa Nanha x Vasconcellea cauli昀氀ora crosses out of 23 
and seven intergeneric hybrids of CP 50 x Vasconcellea 

cauli昀氀ora crosses out 70 were tested for hybridity. The 

primer UBC - 856 produced unique banding patterns 
inVasconcellea cauli昀氀ora (male parent) in which 昀椀ve 
bands were prominent, out of which third and 昀椀fth were 
absent in female parent (Fig. 1) but  present in CO 7 
xVasconcellea cauli昀氀ora (CO7V3).  The same primer 
produced distingusible band between Pusa Nanha 
xVasconcellea cauli昀氀ora (PNV9) which was used for the 
identi昀椀cation of true hybrid (Fig. 2).  In case of UBC- 
807 primer, one prominent band was observed in male 
parent which was absent in female parent but present in 
CP 50 xVasconcellea cauli昀氀ora (CPV23) hybrid (Fig. 3). 
These primers were helpful to identify F

1
’s in cross CO 

7 xVasconcellea cauli昀氀ora, Pusa Nanha x Vasconcellea 

cauli昀氀oraand CP 50 x Vasconcellea cauli昀氀ora. The 
hybridity con昀椀rmed F

1 
plants were forwarded to F

2. 

Ruas et al. (2003) used Inter-simple sequence repeat 
(ISSR) markers and successfully evaluated the genetic 
divergence among the eight Coffea species. To con昀椀rm 
the hybridity of intergeneric hybrids involving Carica 

papaya x V. cauli昀氀ora, Praveen (2005) also used ISSR 
markers and con昀椀rmed successfully.

ELISA titre value for parents and F
1
 hybrids

The Enzyme Linked Immunosorbent Assay (ELISA), 
a powerful immunological test (Clark and Adams, 

Fig. 1. ISSR Marker pro昀椀le of parents and F
1
s Fig. 2. ISSR marker UBC 856 pro昀椀le of parents and F

1
s

Fig. 3. ISSR marker pro昀椀le of parents and F
1
s
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1977), is extensively used for detecting, identifying 
and quantifying viruses in many plant species (Clark, 
1994). This test could be a component of a reliable 
method for screening C. papaya x C. cauli昀氀ora hybrid 
plants for PRSV resistance. In this study, the resistance 
of the hybrids and parents was assessed by serological 
test. Parents and their hybrids viz., CO 7 x V.cauli昀氀ora, 
Pusa Nanha x V.cauli昀氀ora and CP50 x V.cauli昀氀ora were 
subjected to DAS- ELISA test. Parents and F

1
 progenies 

involving CO 7 and Vasconcellea cauli昀氀ora were 
subjected to DAS- ELISA test. ELISA titre value varied 
from 0.216 to 0.972. Among the parents, the resistant 
male parent Vasconcellea cauli昀氀ora had recorded the 
lowest titre value of 0.216. However, the susceptible 
female parent CO 7 recorded the highest titre value of 
0.972, followed by PusaNanha (0.952) and CP 50 (0.942).  
Among the hybrids involving CO7 and Vasconcellea 

cauli昀氀ora, ELISA titre value varied from 0.243 to 0.266 
(Table 3). Among them, the cross combination CO7V3, 
con昀椀rmed hybrid through molecular markers, was found 
to record the lowest titre value of 0.243 followed hybrid 
CO7V5 (0.245) and CO7V6 (0.247).

Among the hybrids involving PusaNanha x 
V.cauli昀氀ora, ELISA titre value varied from 0.218 to 
0.286 (Table 2).Among the hybrid combinations, the 
combinations PNV3 and PNV9 recorded the lowest titre 
value of 0.218 followed by PNV1 (0.219), PNV6 (0.220), 

PNV11 (0.220), PNV8 (0.222) and PNV13 (0.223). All 
the above said hybrid combinations were con昀椀rmed as 
true hybrids through molecular marker studies.

Among the hybrids involving CP50 x V.cauli昀氀ora, 
ELISA titre value varied from 0.218 to 0.299 (Table 3). 
Among them, the cross combination CPV23 a con昀椀rmed 
hybrid through molecular markers, was found to 
record the lowest titre value of 0.218 followed by other 
con昀椀rmed hybrids viz., CPV56 (0.219), CPV39 (0.220), 
CPV31 (0.221), CPV1 (0.222), CPV26 (0.226) and 
CPV12 (0.232).

The results revealed that the lowest value of 0.216 
was recorded by the resistant male parent.V. cauli昀氀ora 
however; all the female parents used for this study 
recorded very high titre values proving their susceptibility. 
Manoranjitham et al. (2008) reported that V.cauli昀氀ora 
registered the lowest titre value which clearly indicated 
its natural resistance to PRSV. They also reported that 
V.cauli昀氀ora is resistant to all the strains of PRSV which 
are prevalent in Coimbatore conditions. 

Among the parents, the gynodioecious female parent 
CO7 was found to be highly susceptible than the other 
two dioecious female parents i.e. Pusa Nanha and 
CP 50.Thirugnanavel (2010) also reported that tolerant 
genotypes recorded the lower ELISA absorbance value than 

Table 2.  Screening of F
1
 progenies through arti昀椀cial inoculation against PRSV under glass house conditions

Parents / Hybrids

Total 

number 

of plants 

inoculated

Disease scoring (number of plants in each 

category)

Number of 

plants without 

symptom 27 

days after 

inoculation

0 1 2 3 4 5

CO 7 5 0 0 0 0 0 5 0

Pusa Nanha 5 0 0 0 0 0 5 0

CP 50 5 0 0 0 0 0 5 0

Vasconcellea cauliflora 5 5 0 0 0 0 0 5

CO 7 x Vasconcellea 

cauliflora 
29 6 0 0 0 10 13 6

Pusa Nanha 
xVasconcelleacauli昀氀ora 55 23 0 0 0 15 17 23

CP 50 x Vasconcellea 

cauliflora
335 70 0 0 0 100 165 70

R. Jayavalli et al.
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Table 3. ELISA titre value for parentsand F
1
 population involving CO7 (apparently free from PRSV after 

inoculation) 

Parents and their 

hybrids

OD 

value at 

405nm

Parents and their 

hybrids

OD 

value at 

405nm

Parents and their 

hybrids

OD 

value at 

405nm

Vasconcellea cauli昀氀ora 0.216 Vasconcellea cauli昀氀ora 0.216 Vasconcellea cauli昀氀ora 0.216

CO 7 0.972 Pusa Nanha 0.952 CP 50 0.942

Buffer 0.102 Buffer 0.102 Buffer 0.102

CO7V3 0.243 PNV1 0.219 CPV1 0.222

CO7V5 0.245 PNV3 0.218 CPV12 0.232

CO7V6 0.247 PNV6 0.220 CPV23 0.218

PNV8 0.222 CPV26 0.226

PNV9 0.218 CPV31 0.221

PNV11 0.220 CPV39 0.220

PNV13 0.223 CPV56 0.219

Fig. 4.  Field view of intergereric F
1
 hybrids

Hybrid progenies of papaya for (PRSV) resistance
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the susceptible ones. Among the genotypes tested, tolerant 
genotype CP 50 recorded the lowest value of 0.187 at 
昀氀owering and 0.198 at harvest.

In the present study, the cross combinations viz., C7V3, 
CO7V5 and CO7V6 were recorded the lowest titre values. 
Similarly the crosses namely PNV1, PNV3, PNV6, PNV8, 
PNV9, PNV13 and PNV21 were observed the lowest titre 
values. CP50 x V.Cauli昀氀ora progenies viz., CPV1, CPV12, 
CPV23, CPV26, CPV31, CPV39 and CPV56 were recorded 
the lowest titre values proved their tolerance to this virus . 
This observation con昀椀rms the earlier report of Manshardt 
(1992) who studied the intergeneric hybrids involving 

C.cauli昀氀ora x C.papaya hybrids. Similar studies using 
ELISA test had been conducted previously to identify 
PRSV-P infected C. papaya (Gonsalves and Ishii, 1980; 
Thomas and Dodman, 1993).

Reaction of parents and F
1
 hybrids after transplanting 

under 昀椀eld conditions

The study revealed varied levels of tolerance for 
PRSV by the parents and their hybrids (Figure 4).  All the 
hybrids which were arti昀椀cially inoculated with PRSV, 
but not showing virus symptoms, and their parents the 
male parent V.Cauli昀氀ora  was not showed the PRSV 
symptoms  but the female parents CO7 , Pusa Nanha  and  
CP50 showing virus symptoms in the main 昀椀eld. This 
may be due to the fact that tolerance is affected by many 
factors including inherent genetics, time of infection and 
climatic conditions (Vimla Singh et al., 2005).

CONCLUSION 

Based on the disease intensity score, reaction to the 
papaya ringspot virus and yield performance, selected 
F

1 
combinations viz., CO 7 x Vasconcellea cauli昀氀ora 

(CO7V3), Pusa Nanha x Vasconcellea cauli昀氀ora (PNV9) 
and CP 50 x Vasconcellea cauli昀氀ora (CPV23) were 
advanced to F

2   
generations.
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 
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gloeosporioides (Penz.) Sac. associated with leaf spot disease of arecanut 
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ABSTRACT: The outbreak of leaf spot disease of arecanut caused by Colletotrichum spp. created havoc in hill and 
coastal zones of Karnataka. Colletotrichum is one among the top ten widespread plant-pathogenic fungi. The symptoms 
which are predominant on leaves were also noticed on nuts with circular or oblong to irregular brownish spots surrounded 
by larger yellow halo. Cultural characteristic of the isolated pathogen on potato dextrose agar produced dense, cottony, 
whitish to slight greyish mycelium with even margin without any zonation. Microscopic observation revealed that conidia 
with single celled, hyaline and cylindrical with rounded ends besides that length of the conidia varied from 12.06 to 
12.30 µm and width 3.8 to 4 µm having 2-3 oil globules. The ITS based sequence analysis revealed that Colletotrichum 

gloeosporioides is associated with leaf spot disease of arecanut. It is concluded that the C. gloeosporioides was found 
predominant among the isolated cultures and sole responsible for epidemic of leaf spot disease.

Keywords: Arecanut, Colletotrichum, identi昀椀cation, leaf spot, symptoms

INTRODUCTION

Arecanut (Areca catechu L.) is an important plantation 
crop of India belongs to the family Arecaceae. Arecanut 
industry forms the economic backbone of a substantial 
number of farm families (Balasimha and Rajagopal, 
2004). It is extensively used in India by all sections of the 
people as masticatory and in several social and religious 
ceremonies (Bhat et al., 2021). Areca nut is extensively 
cultivated in the plains and foothills of Western Ghats and 
North Eastern regions of India. Presently it is cultivated 
in 9.38 lakh ha with a production of 13.68 lakh tones and 
average productivity is 1.46 MT/ha. In Karnataka it is 
grown in an area of 4.71 lakh hectares with a production 
of 7.03 lakh tonnes and 1.49 MT/ha. The major area 
under cultivation is con昀椀ned to Karnataka, Kerala and 
Assam. Among the states Karnataka stands 昀椀rst in area, 
production and productivity (Anon., 2022). Arecanut 
palm is affected by a number of diseases at different 
stages of growth and development. About 20 diseases, 
causing varying degrees of damage to the palm have 
been recorded in India (Bavappa, 1982). Among the 
fungal disease, leaf spot cause more catastrophic yield 
loss up to 60 percent (Hedge, 2018). In recent year’s 
leaf spot disease is epidemic in Karnataka and Kerala. 
Leaf spot of arecanut though a minor disease in the past, 
has nowbecome a major disease especially during rainy 
season. The disease began as circular to irregular spots 
which enlarged as the disease progressed. Later, the spots 
were light to dark brown in color having ash grey center, 
surrounded by dark brown margins and yellow halo. In 
severe cases, the adjacent spots eventually coalesced 

to form large irregular patches leading to blighted 
appearances and 昀椀nally covered the entire leaf lamina 
turning the leaf color to pale yellow. Fungus produces the 
conidia within 3 to 5 days at 30 °C and at 90% relative 
humidity. Survival of conidia, and conidia in infected 
leaf debris was studied in soil maintained at different 
soil moisture levels. Survival of conidia declined rapidly 
under moist conditions (≥12% moisture, vol/wt.), but 
under dry conditions, viable conidia could be detected 
up to 12 months after incorporation into soil (Hartung 
et al., 1981; Mohanan et al., 1989; Salotti et al., 2022). 
Sudden outbreak of disease in traditional growing areas 
made impact on socioeconomic status and livelihood 
of farming community. Hence, early detection based 
on 昀椀eld symptoms and prophylactic spray should be 
followed for effective management. Therefore, present 
investigation was more focused on symptomatology of 
leaf spot disease in different growth stages of arecanut 
and molecular con昀椀rmation of etiology based on ITS 
sequence analysis. 

MATERIALS AND METHODS

Collection of disease samples: As result of epidemic of 
leaf spot disease in hill zone and coastal zones, the roving 
survey was conducted to know the disease severity. The 
diseased leaf samples of arecanut palm showing typical 
leaf spot symptoms were collected during survey from 
Shivamogga and Chikkamagaluru districts.

Isolation of pathogen: The samples were brought to the 
Arecanut Research Centre, Shivamogga. The standard 
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tissue isolation technique was used to isolate the fungus. 
The infected portion of the leaf bits were thoroughly 
washed and cut into small pieces (1 mm) in such a way that 
each piece consisted of infected along with surrounding 
portion of healthy green tissues. The pieces were surface 
sterilized with 1% sodium hypochlorite solution for 
30 seconds followed by three successive washing with 
sterilized distilled water to remove the traces of chemical 
if any and then left for drying. After drying, the sterilized 
pieces were transferred to autoclaved Petri plates 
containing 20ml PDA media under aseptic conditions.
These Petri plates were then placed in BOD incubator at 
27±1°C for 9 days.

Morphological identi昀椀cation: A loopful of pure culture 
was taken from the nine days old culture and placed it 
on the slide and mixed thoroughly with lactophenol to 
obtain uniform spread. A cover slip was placed over 
it. Length and breadth of the conidia were measured 
under high power objective lens of Lawrence and 
Mayo binocular microscope (LM-52-1803-S) and TC 
capture 3.9.0 software and drivers were installed for 
image acquisition, managing and processing. Further, 
the morphological characters such as hyphae, conidial 
shape, size and oil globules were documented.

Molecular identi昀椀cation of the pathogen: The genomic 
DNA was extracted using Cetyltrimethyl ammonium 
bromide (CTAB) protocol given by Doyle and Doyle 
(1987). ITS1/ITS4 5′-TCCGTAGGTGAACCTGCGG-3′ 
and 5’-TCCTCCGCTTATTGATATGC-3’ primers 
were used in the experiment and PCR conditions 
were followed as initial denaturation (94°C; 5 min.), 
denaturation (94°C; 1 min.), annealing (54°C; 1 min.), 
extension (72°C; 2 min.), 昀椀nal extension (72°C; 10 min.) 
for 35 cycles. Separation of ampli昀椀ed product on 1.5% 
agarose gel. PCR product were puri昀椀ed using protocol 
of QIAquick PCR Puri昀椀cation Kit. Puri昀椀ed PCR product 
sequenced by Barcode Biosciences Pvt. Ltd. Bengaluru. 
Homology of obtained sequence was accomplished 
through NCBI (National Centre for Biotechnology 
Information) BLAST (Basic Local Alignment Search 
Tool) (http://blast.ncbi.nlm.nih.gov) and the sequences 
were submitted to NCBI database as OQ948330.

Phylogenetic analysis: A multiple-sequence alignment 
was carried out using comparable reference sequences 
of other Colletotrichum species which are retrieved from 
NCBI database and multiple sequence aligned using 
CLUSTAL W (Edgar and Batzoglou, 2006) algorithm 
of MEGA 6.0 software to check the genetic diversity 

A

D

B

E

C

F

Fig. 1. Symptomatology of arecanut leaf spot disease incited by C. gloeosporioides A-B. Indicates small, circular or 

oblong to irregular brownish spots on leaves. C. Circular brown spots on thenuts. D. Brownish spot on leaf sheath. E-F. 

Severely blighted symptoms of leaves lead to drooping.
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among different Colletotrichum isolates (Tamura et al. 
2013). Phylogenetic relationships were analyzed by the 
distance methods. The distance matrix for the aligned 
sequences was calculated using Kimura’s two parameter 
model (Kimura 1980), and analyzed with the neighbor-
joining (NJ) method (Saitou and Nei 1987) using MEGA 
(Molecular Evolutionary Genetics Analysis program) 
version 6, excluding positions with gaps. The reliability 
of the inferred tree was estimated by bootstrap analysis 
(Felsenstein, 1985).  The 昀椀nal trees were displayed using 
Clustal Omega multiple alignment package (Sievers and 
Higgins, 2021).  

RESULTS AND DISCUSSION

Symptomatology of leaf spot disease of arecanut: 

The initial symptoms of the leaf spot disease appeared 
as small, circular or oblong to irregular brownish spots 
(Figure 1). The center of the spot was grey or straw 
color surrounded by yellow halo. In the advanced stages, 
spots coalesced to give a blighted appearance to the 
leaves.Similar symptoms were observed by Hegdeand 
Hegde(1986) in anthracnose disease of arecanut. Based 
on survey it was observed that fungal infection was also 
noticed even on nuts.

Morphological characterization of isolated culture 

on potato dextrose agar: The cultural characteristic of 
the isolated pathogen on Potato dextrose agar produced 
dense, cottony, whitish to slight greyish mycelium 
with even margin without any zonation (Figure 2). 
Microscopic observation (40X Microscopic 昀椀eld) 
revealed that acoenocytic, hyaline hyphae with profuse 
branching habit. Conidia with single celled, hyaline and 
cylindrical with rounded ends besides that length of the 
conidia varied from 12.06 to 12.30 µm and width 3.8 to 
4 µm having 2-3 oil globules. Microscopic observations 
are in con昀椀rmatory with literatures of Weir et al. (2012) 
and Hassan et al. (2018) in citrus anthracnose from New 
Zealand and persimmon anthracnose from South Korea, 
respectively. 

DNA sequences of obtained isolates were compared 
using bioinformatics tool like NCBI (National Centre 
for Biotechnological Information) blast programme. 
Based on sequence comparison, nucleotide sequences of 
the ITS1/ITS4 region of the ribosomal DNA of isolates 
had 100% homology with C. gloeosporioides isolates 
available in the NCBI. Thus, obtained isolates were 
con昀椀rmed as Colletotrichum gloeosporioides.

Phylogenetic analysis: The Cladogram (Figure 3) 
obtained from MEGA 6.0 software showed that obtained 
sequence grouped with Colletotrichum gloeosporioides 
and compared with reference sequences of different 
species which fell in different group when it was rooted 
with Colletotrichum xanthorrhoeae. The results obtained 
are in agreement with the results obtained by earlier 
workers Serra et al. (2011) and Zivkovic (2017). 

CONCLUSION

The pathogen causing leaf spot disease of arecanut 
was isolated and identi昀椀ed based on symptomatology 
and ITS based molecular conformation as Colletotrichum 

gloeosporioides. However, on the basis of available 
literature, this is the recent report from Karnataka. 

Fig. 2. Pathogen isolated on PDA media and 

microscopic view of conidia (40X)

Fig. 3. Phylogenetic analysis of different isolates of 

C. gloeosporioides
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injecting chemicals into trees. Root feeding, stem or trunk injection have received signi昀椀cant results of nutrient and pest 
or disease management across the world. Owing to the  practical dif昀椀culties in foliar application of pesticides in tall 

have some limitations, they also have some speci昀椀c advantages over other methods of management such as minimized 

as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 

injection with speci昀椀c chemical, potassium ferrocyanide 

practice against various insect pests that are dif昀椀cult to 

North American researchers (Ferry and Gomez, 2013). 

factors affecting the ef昀椀cacy of chemicals. Leigh 
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A new casing formulation for enhancing yield of milky mushroom, Calocybe indica 
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ABSTRACT: The global popularity of milky mushrooms, Calocybe indica, is increasing due to their impressive size, 
appealing milky appearance, delicious taste, attractive colour, excellent shelf life, and unique texture. The casing layer 
is crucial for inducing fructi昀椀cation in milky mushrooms, providing moisture, physical support, and facilitating gas 
exchange. The present study evaluated various casing material combinations to 昀椀nd suitable options for commercially 
cultivation of milky mushroom C. indica. Different raw materials, viz., raw coir pith, Arka Fermented Cocopeat 
(AFC), MnSO4, milky mushroom grown substrate, and sandy, loamy soil, were evaluated individually and in different 
combinations. It was observed that the combination of AFC and sandy, loamy soil in a ratio of 60:40 resulted in a higher 
milky mushroom yield of 156.90g/kg wet substrate. Similarly, casing sandy loamy soil treated with MnSO4 (150 ppm) 
resulted in a higher yield of 198.83g/kg wet substrate. Additionally, the combination of casing soil and milky mushroom 
colonized substrate in a ratio of 90:10 led to a higher mushroom yield of 174g/kg wet substrate. The casing combination 
of the mushroom colonized substrate (10%), MnSO4 (100 ppm), AFC (600g), and sandy loam soil (400g) exhibited the 
highest mushroom yield of 241.2g/kg wet substrate.   

Keywords: AFC, Calocybe indica, casing, milky mushroom, MnSO4, spawn, CAC-ing.

INTRODUCTION 

The milky mushroom, Calocybe indica, also known 
as the white summer mushroom or Dudh Chhatta, is 
gaining global popularity due to its impressive size, 
appealing milky appearance, delicious taste, attractive 
color, excellent shelf life, and unique texture (Chadha 
and Sharma, 1995). It is now India's third most 
commercially grown mushroom, following the white 
button (Agaricus bisporus) and oyster (Pleurotus spp.) 
mushrooms. Initially collected in the wild from West 
Bengal, India, by Purkayastha and Chandra in 1974, 
the production technology for Calocybe indica was 
introduced by Purkayastha and Nayak in 1979 and further 
improved in 1981. The ICAR-IIHR has standardized its 
cultivation technology. Milky mushrooms are becoming 
increasingly prevalent worldwide due to their robust size, 
attractive milky appearance, delicious taste, appealing 
color, excellent shelf life, unique texture, and sustainable 
yield (Chang, 2007; Alam et al., 2010). Unlike most 
edible mushrooms, which require low temperatures (< 
25°C) for commercial cultivation, the milky mushroom 
thrives in warmer climates (30–35°C), making it suitable 
for hot, humid regions throughout the summer (Pani, 
2010; Kumar et al., 2012). This adaptability addresses 
the challenge of cultivating mushrooms in warm weather 
without the need for expensive infrastructure (Thakur 
and Singh, 2014).

In commercial cultivation, casing is a crucial 
agronomic practice for milky mushrooms. The casing 

layer, applied after the germination phase, stimulates 
the transition from vegetative to reproductive growth 
(Pardo et al., 2004). Effective casing materials must 
have high water-holding capacity, good air-space ratio, 
porosity, and bulk density (Yadav, 2006). Researchers 
have used various materials for casing, including peat 
moss, loam soil, spent mushroom substrate, coconut coir, 
biogas slurry, and farmyard manure (Krishnamoorthy 
et al., 2000). The CAC-ing technique (Compost Added 
at Casing) involves adding small amounts of fully 
colonized mushroom mycelium substrate to the casing 
soil, potentially increasing mushroom yield (Ratnoo 
and Anila Doshi, 2012). This promising technology, 
currently used in button mushroom cultivation, could be 
experimented with for milky mushrooms. The quality of 
the casing layer is in昀氀uenced by factors such as texture, 
compactness, pH, structure, water holding capacity, 
porosity, and bulk density. Traditionally, growers have 
used locally available soils, well-decomposed spent 
compost, and farmyard manure as casing materials. 
However, exploring new alternative combinations can 
lead to consistent and improved biological ef昀椀ciency. 
The present study focuses on developing new casing 
material formulations (different casing combinations, 
CAC-ing experiments, and micronutrients) to achieve 
consistent higher biological ef昀椀ciency and improved 
cultivation methods for C. indica in tropical regions.

MATERIALS AND METHODS

Studies were conducted during 2017-21 at ICAR-
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Indian Institute of Horticultural Research, Bengaluru. 
Various raw materials were used during experimentation, 
including raw coir pith, Arka fermented cocopeats, 
MnSO4, mushroom-grown substrate, and soil. Standard 
mycological techniques were followed, such as pure 
culture production through tissue culture, maintaining 
pure cultures through sub-culture, and using low-
temperature and sterile water storage methods. 
Cultivation experiments were conducted on sterile 
paddy straw, raw coir pith, commercial coco peat, and 
Arka fermented cocopeats (sterilized at 121°C, 15-18 psi 
pressure, for 25 minutes to 2 hours, depending on the 
substrate). Spawn was prepared using sterile sorghum 
grains (sterilized at 121°C, 15-18 psi pressure, for 3 
hours). Polypropylene (PP) bags of the required sizes 
were used as containers for both spawn production and 
mushroom cultivation. Cultures were inoculated under 
laminar air昀氀ow conditions and incubated at 30±20C. 
The cultivation experiments were inoculated with 5% 
spawn in a spawning room and incubated in a spawn-
running room under ambient conditions. After the 
complete spawn run, the bags were cased according to 
treatment requirements, and necessary humidity, light 
and ventilation were maintained using a high-pressure 
pump fogger.

Casing material preparation: Casing substrate mixing 
was prepared as required, and mixed cased material with 
60-70% moisture was mixed with chalk powder (8%) to 
bring the pH to 7.5-8. It was then pasteurized at 80oC for 
2 hours.

RESULTS 

The results indicated that the highest yields were 
achieved with soil (100%), raw coir pith + soil (60:40), 
and raw coir pith + soil (20:80), recording 139.67g, 
133.97g and 128.40g per kg of wet substrate, respectively 
(Table 1). Raw coir pith contains lignin, which inhibits 
mushroom fungus growth, resulting in poor yields. 
Therefore, the highest yields were obtained from soil 
alone (Control), raw coir pith + soil (60:40), and raw 
coir pith + soil (20:80). Similar 昀椀ndings of lower yields 
with coir pith were reported by Chinara and Mahapatra 
(2022). Compared to other substrates, the poor growth 
of C. indica mycelium in coir pith likely in昀氀uenced the 
mushroom production in the present study. It can be 
concluded from this study that fresh coir pith delays 
the growth of C. indica. Pani (2012) also observed a 
gradual reduction in fruiting bodies and productivity 
with delayed casing soil application.

Table 1. Study of different combinations of raw coconut coir pith along with soil for production of C. indica on 

paddy straw substrate

Treatment
2017-18 2018-19 Average 

Yield (g) BE (%) Yield (g) BE (%) Yield (g) BE (%)

Raw coir pith (100%) 102.7 29.34 83.8 23.94
92.10

26.36

Raw coir pith + Soil (80:20) 103.8 29.66 106.2 30.34 128.40 36.78

Raw coir pith + Soil (60:40) 69.7 19.91 114.2 32.63 133.97 38.39

Raw coir pith + Soil (40:60) 94.7 27.06 131 37.43 86.27 24.67

Raw coir pith + Soil (20:80) 140.7 40.20 130.2 37.20 121.60 34.79

Soil (100%) 161.3 46.09 129.9 37.11 139.67 39.97

CV
CD(0.01)

4.68
4.24

5.34
3.93

During 2017-18 and 2018-19, six different 
combinations of commercial cocopeat pith and soil were 
evaluated as casing materials for the growth and yield of 
C. indica on a paddy straw substrate. The results showed 
that casing with soil (100%) and commercial coco pith 

+ soil (60:40) yielded higher results, with 138.10g and 
126.05g per kg of wet substrate, respectively (Table 2). 
Applying casing materials provides physical support to 
the milky mushrooms in the bags and induces sporophore 
formation. Additionally, Kerketta et al. (2018) found 
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that various casing materials positively affected the 
growth and yield of milky mushrooms. Casing soil 
protects and supports mushrooms against pests and 
diseases, aids in developing sporophores, and facilitates 

gaseous exchange necessary for mushroom growth and 
development (Krishnamoorthy, 2016). Similar results 
were also reported by Satish et al. (2022) and Amin et 
al. (2010).

Table 2. Study of different combinations of commercial cocopeat along with soil for production of C. indica on 

paddy straw substrate

Treatment
2017-18 2018-19 Average

Yield (g)    BE (%)   Yield (g)  BE (%)   Yield (g)   BE (%)

Commercial coco pith (100%) 139.3 39.46 91.3 26.09 115.30 32.78

Commercial coco pith + Soil (80:20) 79.5 22.52 126.9 36.26 103.20 29.39

Commercial coco pith + Soil (60:40) 116.9 33.12 135.2 38.63 126.05 35.88

Commercial coco pith + Soil (40:60) 78.8 22.32 142.8 40.80 110.80 31.56

Commercial coco pith + Soil (20:80) 94.4 26.74 137 39.14 115.70 32.94

Soil  (100%) 146.3 41.44 129.9 37.11 138.10 39.28

CV
CD(0.01)

During 2017-18 and 2018-19, six combinations of 
Arka fermented cocopeat (AFC) and soil were evaluated 
as casing materials for the growth and yield of C. indica 
on a paddy straw substrate. The results indicated that 
AFC + soil (60:40) and AFC + soil (80:20) yielded 
higher mushroom yield, with 156.90g and 146.25g per 
kg of wet paddy straw substrate, respectively, compared 

to the other treatments. The lowest yield was recorded 
with control soil (100%) at 113.45g per kg wet substrate 
(Figure 1). Pradeep Singh Shekhawat et al. (2023) 
also reported similar results: commercial cocopeat 
combination treatments obtained the highest mushroom 
yields.

Fig. 1. Effect of different combinations of Arka fermented Cocopeat (AFC) along with soil on 

production of C. indica with paddy straw substrate

A new casing formulation for milky mushroom, Calocybe indica
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During 2019-20 and 2020-21, 昀椀ve different 
concentrations of MnSO4 and soil were tested as casing 
materials for the growth and yield of C. indica on a 
paddy straw substrate. The results showed that casing 
soil treated with 150 ppm MnSO4 recorded the highest 
yield at 198.83g per kg of wet substrate, followed by 
casing soil treated with 100 ppm MnSO4, which yielded 
193.77g per kg. The lowest yield was recorded in the 
control group (soil), with 135.55g per kg wet substrate 
(Table 4). MnSO4 content was analyzed in all harvested 

mushroom samples, and the results indicated that the 
MnSO4 treated casings had signi昀椀cantly higher MnSO4 
content than the untreated control (Figure 2). Similar 
昀椀ndings were reported by David et al. (2006), who 
observed that adding manganese to casing soil increased 
button mushroom yield by 9.6% to 11.8% compared to 
the control. Saheb and Golnoosh (2023) also reported 
that applying manganese and iron to casing soil 
increased button mushroom yield by 11.2% compared to 
the control.

Fig. 2. Evaluation of different concentration of MnSO
4
 along with soil as a casing for 

growth and yield of milky mushroom

Fig. 3. Evaluation of Mushroom colonized substrate (CAC-ing) for production of 

milky mushroom C. indica

Five combinations of casing soil and mushroom-
colonized substrate were evaluated for their impact on 
the growth and yield of C. indica grown on a paddy straw 
substrate. The results showed that the combinations of 
casing soil + mushroom-colonized substrate at ratios 
of 90:10 and 92:8 recorded higher mushroom yields, 
producing 174 g and 169 g per kg of wet substrate, 
respectively. These yields were comparable and 
outperformed the other treatments and the control. The 

control group recorded the lowest yield, with 135.85 g 
per kg wet substrate (Fig 3). The CAC-ing technique 
was evaluated in this study and resulted in signi昀椀cant 
yield increases of 36.13% to 43.01% over a 32-day 
harvest phase. The increased yields from the CAC-ing 
technique may be attributed to the higher population of 
Pseudomonas and improved aeration due to the addition 
of crushed colonized compost in the casing layers (Nair 
and Hayes, 1975).  
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Six combinations of mushroom-colonized substrate, 
MnSO4, AFC+ soil, and control (soil) were evaluated 
as casing materials for the growth and yield of milky 
mushroom C. indica. Results showed that the casing 
combination of mushroom-colonized substrate (10%) 
+ MnSO4 (100 ppm) + AFC (600 g) + soil (400 g) 
recorded the highest mushroom yield of 241.2 g/kg wet 
substrate. The combination of the mushroom colonized 
substrate (8%) + MnSO4 (150 ppm) + AFC (600 g) + 
soil (400 g), which yielded 208.6 g/kg wet substrate. The 
control treatment recorded the lowest yield of 174.4 g/
kg wet substrate (Table 3). Similar results were obtained 
in previous studies that examined the effects of these 
treatments individually. However, this is the 昀椀rst time 

the combined effect of mushroom-colonized substrate, 
MnSO4, AFC, and soil as a casing formulation has been 
evaluated, and the combination signi昀椀cantly increased 
the milky mushroom yield. The varied production 
potential of different casing materials might be attributed 
to their distinct physical properties and nutritional 
compositions. Additionally, Kerketta et al. (2018) 
discovered that using various casing materials positively 
impacted the growth and yield of milky mushrooms. 
Casing soil protects mushrooms from pests and diseases, 
supports developing sporophores, and facilitates gaseous 
exchange, essential for growth and development (AS 
Krishnamoorthy, 2016). 

Table 3. Combination of Arka fermented cocopeat, Cacing and micronutrients along with casing soil on the 

growth and yield of milky mushroom C. indica

 Treatments Yield (g/kg wet substrate) Biological ef昀椀ciency

Mushroom colonized substrate (8%) + 100 ppm MnSO
4
+ 

AFC + Soil (60:40) 
185.6 58.00

Mushroom colonized substrate (10%) + 100 ppm MnSO
4
+ 

(AFC + Soil (60:40))
241.2 75.38

Mushroom colonized substrate (8%) + 150 ppm MnSO
4
+ 

AFC + Soil (60:40)
208.6 65.17

Mushroom colonized substrate (10%) + 150 ppm MnSO
4
+ 

AFC + Soil (60:40)
200.3 62.59

Mushroom colonized substrate (8%) + 100 ppm MnSO
4
+ 

AFC + Soil (40:60)
206.3 64.48

Mushroom colonized substrate (10%) + 150 ppm MnSO
4
+ 

AFC + Soil (40:60)
199 62.19

Casing soil (100%) 174.4 54.51

CV
CD(0.01)

5.89
4.62

*AFC- Arka fermented cocopeat

CONCLUSION

The casing layer plays a crucial role in milky 
mushroom yield by containing microorganisms that 
induce environmental changes, aiding the transition from 
the vegetative to the reproductive stage. Additionally, 
this layer provides necessary moisture and physical 
support and facilitates gas exchange during fruiting 
body formation. Meeting all these parameters with soil 
or coco peat alone is challenging. Based on the present 
investigation, the tested casing materials, combined 

with the mushroom-colonized substrate, MnSO4, AFC, 
and soil, have potential commercial applications for 
achieving improved quality and higher yields of milky 
mushrooms in India.
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An optimized substrate combination for cultivating exotic King oyster mushroom, 

Pleurotus eryngii
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ABSTRACT: Pleurotus eryngii, commonly known as the ‘King oyster mushroom’, is one of the large and edible 
fungi native to Europe and Asia. In the present study, different agricultural and lignocellulosic waste materials were 
evaluated for optimizing cultivation of king oyster mushrooms at ICAR- Indian Institute of Horticultural Research, 
Bengaluru, India. The highest mushroom yield (146.08 g/kg wet substrate) was achieved with a substrate mixture 
of sawdust (37.5%), corn cob powder (37.5%), rice bran (12.5%), and wheat bran (12.5%) using a 5% spawn dose. 
Increasing the spawn dose to 8% further improved the yield, with the same substrate mixture yielding 179.8 g/kg 
wet substrate. The best yield (211.5 g/kg wet substrate) was obtained with the same substrate mixture at a higher 
spawn dose, demonstrating a signi昀椀cant improvement in biological ef昀椀ciency. These 昀椀ndings support the potential for 
using locally available agricultural waste for sustainable mushroom cultivation, contributing to organic recycling and 
economic ef昀椀ciency. 

Keywords: Agricultural waste, corn cob powder, King oyster mushroom, Pleurotus eryngii, saw dust

INTRODUCTION 

Oyster mushrooms (Pleurotus spp.) rank second 
in global mushroom production, following shiitake 
mushrooms. The king oyster mushroom (Pleurotus 

eryngii), a member of the oyster mushroom family, is 
edible, basidiomycetic, and saprophytic (Lewinsohn 
et al., 2002). It is considered the best among Pleurotus 
species due to its excellent cap and stem consistency, 
culinary qualities, and most extended shelf life among 
oyster mushrooms (Yildiz et al., 2002). The P. eryngii 
has been commercially cultivated in China, Japan, and 
Taiwan because of its excellent texture and 昀氀avor appeal 
to consumers (Eguchi et al., 1999; Peng, 1996, 1998; 
Royse, 1999: Melanouri et al., 2022). Pleurotus eryngii 
is a giant, edible mushroom native to Europe and Asia. 
While rare in the wild, it is cultivated worldwide and is 
famous for its buttery 昀氀avor and eggplant-like texture, 
especially in speci昀椀c Asian cuisines. The species has 
many common names, including king oyster mushroom, 
French horn mushroom, king trumpet mushroom, and 
trumpet royale. Using scienti昀椀c names helps avoid 
confusion. The name "king oyster" hints at its close 
genetic relationship to the popular oyster mushrooms 
(including Pleurotus ostreatus), a group of species native 
to North America. However, the king oyster does not 
resemble its relatives much. The P. eryngii has a thick, 
vertical white stem (or "stipe") and a relatively small tan 
or gray cap, unlike the big white cap and all-but-absent 
horizontal stipe familiar to American mushroom hunters 
(Mahbuba et al., 2010; Melanouri et al., 2022).

P. eryngii possesses various medicinal properties, 
including an anti-in昀氀ammatory protein called PEP, 
which has demonstrated its ability to inhibit the growth 
of colon cancer cells in both human tissue cultures 
and live mice without harming healthy cells. Utilizing 
lignocellulosic waste presents an economical means of 
organic recycling and supports mushroom cultivation. 
Different agricultural and lignocellulosic waste materials 
are employed for this purpose worldwide. In the present 
study, ICAR-Indian Institute of Horticultural Research 
has conducted evaluations using locally available 
agricultural substrates and varying spawning rates to 
cultivate king oyster mushrooms successfully.

MATERIAL AND METHODS

Various locally available agricultural wastes were 
evaluated in different combinations and with varying 
doses of spawn to determine their effect on king oyster 
mushroom yield. Further, the best substrate combinations 
were tested with different doses of spawn.

Source of King oyster mushroom and culture 

preparation

This investigation utilized commercially grown 
Arka PE-2 obtained from the ICAR-Indian Institute of 
Horticultural Research, Bengaluru. The pure cultures of 
various strains were prepared on malt extract agar (MEA) 
medium. The inoculated Petri dishes were incubated 
in a growth chamber at 25 ± 2°C in the dark for about 
ten days until the mycelium had fully developed. This 
culture was then used to inoculate the mother culture. 
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The mother culture medium was prepared by boiling 
sorghum grains, mixing with 4-5 % calcium carbonate, 
and maintaining a moisture level 48-50%. Glass bottles 
measuring 550g capacity were 昀椀lled with 250 g of the 
mixture, tightly packed, with the necks plugged with 
non absorbant cotton and covered with butter paper. 
The bottles were sterilized in an autoclave at 121°C 
and 15 kg/cm² pressure for one hour. The P. eryngii 

inoculated bottles were placed on a rack in the laboratory 
for incubation at 25±2°C. The substrate of the mother 
culture was colonized by mycelial growth within 15–20 
days after inoculation. The fully colonized bottles were 
then used for spawning.

Spawn preparation

White jowar was used to produce the spawn. The 
jowar was 昀椀rst boiled to a half-cooked stage, and the 
excess water was drained. The grains were then cooled 
to 55°C, and CaCO3 was mixed in at a rate of 5% of 
the wet-boiled grain basis. This substrate mixture was 
昀椀lled into autoclavable polypropylene bags (8x16 
inches) plugged with nonabsorbent cotton plugs with 
autoclavable neck rings. The bags were sterilized at 
121°C for 3 hours under 1 kg/cm² pressure. After cooling 
to room temperature, the sterilized bags were inoculated 
with the Generation-2 spawn of the selected strains to be 
tested separately. These inoculated bags were incubated 
for 45 days in a dark room at 25 ± 2°C for mycelium 
growth.

Cropping and harvesting

After the mycelial growth was complete (45 days 

after spawn inoculation), slits were made in the fully 
colonized substrate bags, which were then moved to the 
cropping room. The temperature, relative humidity, and 
light were maintained at 18°C, 85%, and approximately 
500 lux, respectively. Mushrooms were harvested 
when the cap surfaces were 昀氀at to slightly up-rolled at 
the margins. Two to three 昀氀ushes of mushrooms were 
harvested from each bag. The yield and various quality 
parameters of the mushrooms were recorded regularly.

Statistical analysis

The experiment was conducted using a completely 
randomized design with ten replications (n = 10). 
Data were analyzed and graphs were created using the 
statistical program SPSS 12.0 and Microsoft Excel.

RESULTS AND DISCUSSION 

The growth and yield patterns of the P. eryngii 

strain cultivated on various combinations of locally 
available substrates are presented in Table 1. The 
highest mushroom yield (146.08 g/kg wet substrate) was 
achieved with a substrate mixture of sawdust (37.5%), 
corn cob powder (37.5%), rice bran (12.5%), and wheat 
bran (12.5%), which was signi昀椀cantly different from 
all other treatments and the control. The second highest 
yield (127.2 g/kg wet substrate) was obtained with a 
substrate mixture of coir pith (40%), sawdust (40%), rice 
bran (10%), and wheat bran (10%). This was followed 
by a yield of 110.58 g/kg wet substrate using a mixture 
of sawdust (40%), wood chips (40%), rice bran (10%), 
wheat bran (10%), and CaCO3 (3%).  

Table1. Evaluation of different locally substrate for king oyster mushroom with 5% spawn dose

Treatment
Yield (g/kg wet 

substrate)

Biological 

ef昀椀ciency (%)
Average fruit 

body weight (g)

T1- Coir pith (40%), Saw dust (40%), Rice bran (10%), 
Wheat bran (10%)

127.2 36.29 35.65

T2- Sawdust (40%), Wood chips (40%), Rice bran  (10%), 
Wheat bran (10%), CaCO3  (3%)

110.58 31.57 25.65

T3- Sawdust (40%), paddy straw powder (40%), RB(10%), 
WB(10%)

33.5 9.57 19.8

T4- Sawdust (26.7%), Paddy straw powder (26.7%), Corn 
cob powder (26.7%), Rice bran (10%), Wheat bran (10%)

101.62 28.74 26.52

T5- Sugar Cane pith (80%), Rice bran (20%),  CaCO3 
(3%)

44.98 12.86 25.65

T6-PSP (40%), Sugarcane pith 40%), Rice bran (10%), 
WB(10%)

55.58 16.00 24.52
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T7-paddy straw powder (80%), Rice bran (10%), Wheat 
bran (10%)

15.02 4.29 19.58

T8- Sawdust (37.5%), Corn cob powder (37.5%), Rice 
bran (12.5%), Wheat bran (12.5%) 

146.08 41.71 49.50

CV
CD (0.01)

5.27
3.83

The highest mushroom yield (179.8 g/kg wet 
substrate) was achieved with a substrate mixture of 
sawdust (37.5%), corn cob powder (37.5%), rice bran 
(12.5%), and wheat bran (12.5%), which differed 
signi昀椀cantly from all other treatments and the control 
(Table 2). The second highest yield (149.2 g/kg wet 
substrate) was obtained with a substrate mixture of 
coir pith (40%), sawdust (40%), rice bran (10%), and 
wheat bran (10%). Following this, a yield of 138.5 g/
kg wet substrate was recorded with a mixture of sawdust 
(40%), wood chips (40%), rice bran (10%), wheat 

bran (10%), and CaCO3 (3%). Mahbuba et al. (2010) 
reported similar 昀椀ndings, showing greater biological 
ef昀椀ciency with sawdust substrates compared to rice 
straw-based substrates. Amin et al. (2007) observed 
the highest number of fruiting bodies of various oyster 
mushroom species on sawdust compared to rice straw. 
While king oyster mushrooms produce fewer fruiting 
bodies, their texture and shelf life are superior to other 
Pleurotus species. Comparable results were also noted 
with shiitake mushrooms (Sarker et al., 2009).

Table2. Evaluation of different locally substrate for king oyster mushroom with 8% spawn dose

Treatment
Yield (g/kg 

wet substrate)

Biological 

ef昀椀ciency (%)
Average fruit 

body weight (g)

T1- Coir pith (40%), Saw dust (40%), Rice bran (10%), 
Wheat bran (10%)

149.2 42.6 40.58

T2- Sawdust (40%), Wood chips (40%), Rice bran (10%), 
Wheat bran (10%), CaCO3  (3%)

138.5 39.6 31.65

T3- Sawdust (40%), paddy straw powder (40%), RB (10%), 
WB (10%)

112.5 32.1 25.6

T4- Sawdust (26.7%), Paddy straw powder (26.7%), Corn 
cob powder (26.7%), Rice bran (10%), Wheat bran (10%)

125.6 35.9 32.52

T5- Sugar Cane pith (80%), Rice bran (20%), CaCO3 (3%) 112.6 32.2 31.56

T6-PSP (40%), Sugarcane pith 40%), Rice bran (10%), WB 
(10%)

99.8 28.5 29.5

T7-paddy straw powder (80%), Rice bran (10%), Wheat bran 
(10%)

124.5 35.6 26.5

T8- Sawdust (37.5%), Corn cob powder (37.5%), Rice bran 
(12.5%), Wheat bran (12.5%) 

179.8 51.4 53.6

CV
CD  (0.01)

1.82
4.59

The growth and yield patterns of the P. eryngii strain 
cultivated on various combinations of locally available 
substrates using an 8% spawn dose were recorded (Table 
3). The highest mushroom yield (211.5 g/kg wet substrate) 
was achieved with a substrate mixture of sawdust 
(37.5%), corn cob powder (37.5%), rice bran (12.5%), 

and wheat bran (12.5%), which differed signi昀椀cantly 
from all other treatments and the control. The second 
highest yield (152.5 g/kg wet substrate) was obtained 
with a substrate mixture of coir pith (40%), sawdust 
(40%), rice bran (10%), and wheat bran (10%). Following 
this, a yield of 145.5 g/kg wet substrate was recorded 
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with a mixture of sawdust (40%), wood chips (40%), 
rice bran (10%), wheat bran (10%), and CaCO3 (3%). 
Rashid et al. (2016) assessed 昀椀ve types of sawdust for 
cultivating the white oyster mushroom Pleurotus 昀氀orida. 
They found that the raintree sawdust substrate yielded 
the highest biological ef昀椀ciency (212.8%) compared to 
the other sawdust types. Sarita et al. (2021) studied the 
optimal spawn rate for maximum yield and biological 
ef昀椀ciency in oyster mushrooms. They cultivated two 
oyster mushroom strains (PL-19-05 and PL-19-06) using 
wheat straw as the substrate and wheat grain spawns at 
different rates (3%, 4%, 5%, and 6%). Among these 
rates, the highest yield and biological ef昀椀ciency were 
observed at the 6% spawn rate, indicating its suitability 
for achieving higher yields under humid conditions in 
the Udaipur region. Alananbeh et al. (2014) highlighted 
that increasing the spawning rate signi昀椀cantly enhances 

yield, biological ef昀椀ciency, and the total number of 
fruiting bodies. Similarly, Deora et al. (2021) observed a 
proportional increase in yield with the spawn rate up to a 
certain threshold, beyond which higher spawn rates also 
led to increased bag temperatures.

CONCLUSION 

King oyster is considered the best among Pleurotus 

species due to its excellent cap, stem consistency, 
culinary qualities, and most extended shelf life among 
oyster mushrooms. This mushroom is being cultivated 
on many substrate combinations throughout the world. In 
the present studies, a substrate combination of sawdust, 
corn cob powder, rice bran, and wheat bran with a 10% 
spawn dose has potential commercial applications for 
achieving improved quality and higher yields of King 
oyster mushrooms in India.  

Table 3. Evaluation of different locally substrate for king oyster mushroom with 10% spawn dose

Treatment
Yield (g/kg 

wet substrate)

Biological 

ef昀椀ciency (%)
Average fruit 

body weight (g)

T1- Coir pith (40%), Saw dust (40%), Rice bran (10%), 

Wheat bran (10%)
152.5 43.6 41.52

T2- Sawdust (40%), Wood chips (40%), Rice bran (10%), 

Wheat bran (10%), CaCO3  (3%)
145.5 41.6 33.65

T3- Sawdust (40%), paddy straw powder (40%), RB(10%), 

WB(10%)
125.5 35.9 27.5

T4- Sawdust (26.7%), Paddy straw powder (26.7%), Corn 

cob powder (26.7%), Rice bran (10%), Wheat bran (10%)
135.5 38.7 34.65

T5- Sugar Cane pith (80%), Rice bran (20%),  CaCO3 (3%) 128.5 36.7 35.65

T6-PSP (40%), Sugarcane pith 40%), Rice bran (10%), WB 

(10%)
129.5 37.0 34.65

T7-paddy straw powder (80%), Rice bran (10%), Wheat 

bran (10%)
135.6 38.7 31.52

T8- Sawdust (37.5%), Corn cob powder (37.5%), Rice bran 

(12.5%), Wheat bran (12.5%) 
211.5 60.4 56.5

CV

CD (0.01)

1.94

4.87
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RESEARCH NOTE

Ef昀椀cacy of newer insecticides against pomegranate thrips and natural enemies
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Agroforestry Research Station, Sardarkrushinagar Dantiwada Agricultural University Sardarkrushinagar, Gujarat, India 

*E-mail: digu.p2014@gmail.com 

ABSTRACT: The present experiment was carried out at Agroforestry Research Station, S. D. Agricultural University, 
Sardarkrushinagar during 2019-21 to evaluate the newer insecticide molecules against the pomegranate thrips. The 
pooled results of three years revealed that the two spray of cyantraniliprole 10.26% OD @ 0.30 ml/L at 15 days interval 
during the hastbahar recorded lowest thrips population (1.95 thrips/ twig) and found signi昀椀cantly superior over rest of 
the treatments. It was followed by spinosad 45 % SC @ 0.4 ml/L (2.58 thrips/ twig). The pooled results on occurrence 
of spider revealed that untreated control treatment recorded maximum spider population (0.79 spider/ twig). It was 
followed by cyantraniliprole 10.26% OD @ 0.20 ml/L and neem oil 1500 ppm whereas the plants treated with lambda 
cyhalothrin 5% EC 1 ml/L recorded lowest number of spider (0.24 spider/ twig).

Keywords: Pomegranate, thrips, newer molecule, spider, cyantraniliprole

Pomegranate (Punica granatum L.) locally known 
as anar, dadam or dalim is an important fruit crop 
grown in tropical and subtropical regions of the world. 
Maharashtra, Gujarat, Uttar Pradesh, Andhra Pradesh, 
Karnataka, Rajasthan and Tamil Nadu are the major 
pomegranate growing states of India. Various abiotic 
and biotic stress played vital role in reducing the fruit 
yield of pomegranate. The insect pests are a major 
limiting factor and about 90 species of  insects are  
reported to feed on pomegranate (Gaikwad et al., 2023). 
Among them, thrips, Scirtothrips dorsalis Hood is an 
economically important pest.  Both, nymphs and adults 
rasp the leaves, tender shoot, immature developing 昀氀oral 
parts, fruit and suck the oozing cell sep resulting in to 
corky appearance of the damaged parts. It can affect any 
stage of development of the plant thus it is crucial to 
manage at appropriate time (Balikai et al., 2011). Some 
insecticides are found to be not very effective to manage 
thrips effectively. Hence  the present inspection was 
carried out to examine the ef昀椀cacy of new insecticide 
molecule against pomegranate thrips and their effect on  
natural enemies.

The pomegranate was raised with recommended 
agricultural practices. The two spray of insecticides were 
carried out during the hastha bahar. The spray volume 
was standardized by spraying control treatment with 
sole application of water. The 昀椀rst spray was carried 
out at the 50% 昀氀owering and second spray was carried 
out 15 days after 昀椀rst spray. Spraying was done using a 
knapsack sprayer 昀椀tted with a hollow cone nozzle. The 
thrips population was recorded before spray and 1st, 3rd, 
7th, 10th and 15th days after each spray.  There were nine 

treatments including untreated control (Table 1) laid out 
in a randomized block design.

The nymph and adult populations of thrips were 
recorded during the vegetative/fruiting stage of the crop 
from 昀椀ve randomly selected twigs/ plant by tapping the 
shoot on the black paper and counting the number of 
thrips during before spray and 1st, 3rd, 7th, 10th and 15th 
days after each spray. The population of natural enemies 
(spider) were also recorded during the before spray and 
10th and 15th days after each spray. The recorded data 
were subjected to statistical analysis.

Effect of treatments on thrips

The pooled results on thrips incidence during year 
2019-20 presented in table 1 revealed that minimum 
thrips population (1.66 thrips/ twig) was recorded in 
plants treated with cyantraniliprole 10.26% OD @ 0.30 
ml/L. It was remained at par with spinosad 45 % SC 
@ 0.4 ml/L (2.09 thrips/ twig), spinosad 45 % SC @ 
0.25 ml/L (2.52 thrips/ twig), lambda cyhalothrin 5% 
EC@ 1.0 ml/L (2.59 thrips/ twig) and cyantraniliprole 
10.26% OD @ 0.20 ml/L (2.64 thrips/ twig). The control 
treatment recorded maximum population of thrips (7.17 
thrips/ twig).

The perusal data on pooled results of thrips incidence 
on pomegranate during year 2020-21 is presented in 
table 1. The result revealed that lowest thrips population 
was observed (2.15 thrips/ twig) with cyantraniliprole 
10.26% OD @ 0.30 ml/L. It was followed by spinosad 45 
% SC @ 0.4 ml/L (3.38 thrips/ twig). The highest thrips 
population (8.02 thrips/ twig) was observed in untreated 
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control. The observation on results of thrips incidence on 
pomegranate during year 2021-22 presented in table 1 
revealed that all the treatments were found signi昀椀cantly 
superior over control (10.07 thrips/twig/ plant). The least 
incidence of thrips was observed in plants treated with 
cyantraniliprole 10.26% OD @ 0.30 ml/L (2.04 thrips/
twig/ plant) and found at par with spinosad 45 % SC @ 
0.4 ml/L (2.34 thrips/twig/ plant) and lambda cyhalothrin 
5% EC@ 1.0 ml/L (2.77 thrips/twig/ plant).

The perusal data on pooled result of thrips incidence 
in pomegranate during three years are presented in table 
1. The plant treated with cyantraniliprole 10.26% OD 
@ 0.30 ml/L exhibited lowest population of thrips (1.95 
thrips/ twig) and found signi昀椀cantly superior over all 
other treatments. It was followed by spinosad 45 % SC 
@ 0.4 ml/L (2.58 thrips/ twig).  In the past, Solankar et al. 
(2021) concluded that spray of cyantraniliprole 10.26% 
OD @ 0.9 ml/ L exhibited lowest thrips population 
(1.89 thrips/ twig) at Rahuri, Maharashtra. At Prabhani, 
Maharashtra, Gaikwad et al. (2023) noted that plants 
treated with cyantraniliprole 10.26% OD @ 15 ml/ 10 
L recorded lowest number of thrips (1.68 thrips/ twig) 
which was followed by spinosad 45% SC @ 3.2 ml/ 10 

Table 1. Ef昀椀cacy of insecticides against thrips infesting pomegranate (Pooled over year)

Treatment
Dose 

(ml/L)

No. of thrips /twig

2019-20 2020-21 2021-22 Pooled

Cyantraniliprole 10.26% OD 0.20 1.77abc (2.64) 2.19c (4.30) 2.20c (4.33) 2.05d (3.71)

Cyantraniliprole 10.26% OD 0.30 1.47a (1.66) 1.63a (2.15) 1.59a (2.04) 1.56a (1.95)

Lambdacyhalothrin 5% EC 0.50 1.83bcd (2.86) 2.39d (5.22) 2.23c (4.45) 2.15e (4.12)

Lambdacyhalothrin 5% EC 1.0 1.76abc (2.59) 2.16c (4.17) 1.81ab (2.77) 1.91c (3.14)

Fipronil 5% SC 1.0 1.96cd (3.35) 2.46d (5.53) 2.19c (4.29) 2.20e (4.35)

Spinosad 45% SC 0.25 1.74abc (2.52) 2.09bc (3.87) 2.04bc (3.68) 1.96c (3.33)

Spinosad 45% SC 0.4 1.61ab (2.09) 1.97b(3.38) 1.68a (2.34) 1.75b(2.58)

Neem oil 1500ppm 5.0 2.11d (3.95) 2.50d(5.74) 2.51d (5.79) 2.37f (5.13)

Untreated control -- 2.77e (7.17) 2.92e (8.02) 3.25e (10.07) 2.98g (8.38)

S. Em. ± 0.10 0.06 0.09 0.02

CD ( p = 0.05) 0.32 0.21 0.30 0.05

C. V (%) 8.09 8.03 8.10 8.09

* Figures in parenthesis are retransformed values of   transformation
Treatment means with the letter(s) in common are not signi昀椀cant by DMRT at 5% level of signi昀椀cance

L (1.75 thrips/ twig). From Karnataka, Satyanarayana 
et al. (2023) noted that two spray of Cyantraniliprole 
10.26% OD @ 70g.a.i/ha recorded lowest population of 
thrips (1.22 thrips/ twig) among the seven treatments. 
The present results on effect of newer molecule on 
thrips population are in close conformity with the above 
worker. 

Effect of treatments on spiders

The perusal data on occurrence of spider during the 
2019-20 presented in table 2 revealed that the maximum 
number of spider was observed in plant treated with 
cyantraniliprole 10.26% OD @ 0.20 ml/L (0.84 spider/ 
twig) while lowest population was observed in plant 
treated with lambda cyhalothrin 5% EC 1 ml/L (0.17 
spider/ twig).

The control plants recorded highest number of spider 
(0.80 spider/ twig) while plants treated with lambda 
cyhalothrin 5% EC 1 ml/L recorded lowest number of 
spider (0.28 spider/ twig) during the year 2020-21 (Table 
2). The results on spider population during the year 
2021-22 presented in table 2 revealed that maximum 
population of spider was observed in untreated control 
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(0.84 spider/ twig) while minimum population of spider 
was observed in plants treated with cyantraniliprole 
10.26% OD @ 0.30 ml/L (0.23 spider/ twig). The data 
on pooled over year presented in table 2 revealed that 
highest population of spider (0.79 spider/twig) was 
observed in untreated control which was followed with 
cyantraniliprole 10.26% OD @ 0.20 ml/L and neem oil 
1500 ppm. The plants treated with lambda cyhalothrin 
5% EC 1 ml/L recorded lowest number of spider (0.24 
spider/ twig).

From the above discussion it can be concluded that 
two spray of cyantraniliprole 10.26% OD @ 0.30 ml/L at 
15 days interval found signi昀椀cantly superior for reducing 
the thrips incidence in pomegranate over the rest of 
the treatments. Regarding to the spider population, the 
control plants recorded maximum spiders which was 
followed cyantraniliprole 10.26% OD @ 0.20 ml/L and 
neem oil 1500 ppm.
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Table 2. Effect of newer molecule on occurrence of spider on pomegranate (Pooled over year)
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(ml/L)

No. of spider /twig
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RESEARCH NOTE

Report on the incidence of apple and nut borer, Citripestis eutraphera (Meyrick) 

(Lepidoptera: Pyralidae) in cashew, Anacardium occidentale L. (Anacardiaceae) in 
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ABSTRACT: This paper reports the incidence of mango fruit borer, Citripestis eutraphera (Meyrick) (Lepidoptera: 
Pyralidae) on cashew as apple and nut borer in South Gujarat. The moth lays eggs on rough areas of the fruits near the 
peduncle. Larvae after hatching scrapped the skin of the fruit or young nut and then bore into an immature apple as 
well as nuts and feeds on inner content. The damage was more frequent where two or more fruits touched each other. 
By considering the importance of this pest in cashew, there is need of further studies on its biology, seasonal incidence, 
natural enemies and management practices in Gujarat.

Keywords: Citripestis eutraphera, cashew, apple and nut borer

Cashew (Anacardium occidentale) is an important 
plantation crop with high export potential in India. 
Presently cashew is cultivated in 17 states of the country. 
The total area under cashew cultivation is 11.92 lakh 
ha with production of 7.81 lakh tonnes. In Gujarat area 
under cashew is 11.84 thousand ha with production of 
7.01 thousand MT and 802 kg/ha productivity (Femina, 
2024). The successful cultivation of cashew is constrained 
by number of biotic and abiotic factors. Among biotic 
factors, more than 190 species of insect and mite pests 
have been listed on cashew occurring in different cashew 
growing countries of the world (Sundararaju, 1984). 

Invasive Alien Species (IAS) poses a serious threat to 
the vegetation of the area being invaded. They proliferate 
very quickly away from their native land probably due 
to the abundance of food and/or absence of a natural 
enemy they had in their native land. The mango fruit 
borer, Citripestis eutraphera is one of the IAS, which 
was earlier con昀椀ned to Andaman Islands. According to 
records, C. eutraphera, described by Edward Meyrick in 
1933 and was found restricted to the Andaman Islands on 
local endemic mango species, Mangifera andamanica L. 
belonging to the family Anacardiaceae (Bhumannavar, 
1991). Later, Jacob et al. (2004) reported that C. 

eutraphera also became a major pest on cashew in the 
Andaman Islands. This borer was probably restricted 
to these Islands for almost 23 years until 2014 when 
it was reported from mainland India by Jayanthi et al. 

(2014) on cultivated mango species, M. indica. This 
species recently invaded and spread to mainland India 
and infested mango in Karnataka, Tamil Nadu, Kerala, 
Gujarat, parts of Maharashtra and Odisha (Krull, 2004; 
Jayanthi et al., 2014; Hiremath et al., 2017; Bana et al., 
2018) and recently in Punjab (Singh et al., 2021). It also 

infested seedlings and grafts of cashew, A. occidentale 
in Kerala (Hiremath et al., 2017). Recorded infestation 
levels on mango fruits ranged from 2.46% to 64.00% 
in India during fruiting period in the surveyed region 
of Karnataka and Tamil Nadu (Soumya et al., 2016; 
Jayanthhi et al., 2014).

Recently, the mango fruit borer, C. eutraphera 
became a pest on cashew as apple and nut borer in 
Gujarat. Mango is the main fruit crop of South Gujarat. 
The infestation of C. eutraphera was reported in Gujarat, 
where it caused signi昀椀cant damage in mango (Bana et 

al., 2018) and became a major pest. Now, C. eutraphera 
preferred cashew as additional host in South Gujarat 
ecosystem.  The moth lays eggs (less than 1 mm in 
diameter) on rough areas of the fruits (Fig. B) and near 
the pedicels which was white in colour when 昀椀rst laid 
but change to red (Fig. A). Moreover the eggs were also 
observed near the attachment of apple and nut. The full 
grown larva measured about 20 mm in length (Fig. D). 
Pre-pupa observed light green in colour (Fig. E). Larvae 
pupate either in soil in form of earthen cocoon (Fig. G) 
or in fallen fruit (Fig. F). The site of pupation in soil was 
con昀椀rmed by laboratory rearing of infested fruit (Fig. W). 
Forewing of C.eutraphera was ground colour yellowish-
grey, veins black scaled, with creamy white scales, with 
rusty red, cream, black fringe; hind wing ground colour 
dirty white with black scaling along veins anal area less 
black veined scales but with long dark, white hairs (Fig. 
H, I).

The nature of damage of the larvae of C. eutraphera 
was studied in respect to its feeding habit both under 
昀椀eld and laboratory condition. Larvae after hatching 
scrapped the skin of the apple (Fig. C) and then bore an 
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immature apple as well as nuts (Fig. M, N), and feeds 
on internal content of apple (Fig. K) as well as on young 
developing nuts. Mostly the damage was seen at the 
attachment of apple and nut whereinlarva made entry by 
tunnelling along the jointed parts of the fruit (Fig. L). 
Larva completely devoured inner content of nut (Fig. S, 
T). Larva also entered from pedicel (Fig. P). The damage 
was more frequent where two or more fruits touched 
each other (Fig. O).

The infested apple and nuts become partially un昀椀lled 
and dries up before full development and maturity of 
nuts. In infested fruits, bored holes 昀椀lled with frass (Fig. 
M, N)and found blackened around the bored area (Fig. 
V).Generally 1 to 3 caterpillars were seen feeding either 
in the apple or nut, but there are reports stating that up 

to 昀椀ve larvae can occur in cashew apples and three in 
developing nuts. The exit hole allows ants, beetles, and 
occasionally microorganisms to enter the fruits and 
becomes rotted (Fig. U). Therefore, the damage caused 
by C. eutraphera in cashew caused a total loss of apple 
and nut quality and also made loss of seed germination.

Recently Kori Nagaraj et al. (2022) reported C. 

eutraphera as apple and nut borer in cashew, in maidan 
parts of Karnataka, India wherein they reported the extent 
of damage ranges from 10 to 16 percent on developing 
young cashew apples. According to them the moth 
lays eggs on tender vegetative shoots of cashew and 
after hatching the neonate larva initially bores into the 
terminal tender shoots, and seedlings/grafts in nursery. 
The larva damages vascular bundles inside the tender 

A
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C D E FB

T U V W

Fig. A to W. A-Eggs (microscopic view), B-Eggs laid on rough surface;C-Early instar larva; D-Mature larva; E-Pre-pupa; 
F-Pupa; G- Earthen cocoon; H- Adult in resting stage; I- Adult (wing spanned); J,K- Damage in mature fruit (apple); L- 
Infestation mostly mostly observed at the point of attachment of apple and  nut; M-N Bored  holes 昀椀lled with frass; O- 
Infestation at jointed fruit; P- infestation near peduncle; Q-Bored hole seen in mature nut; R- Larva tunneling in mature nut; 
S- Cross section of damaged  nut; with larva inside; T- Cross section of healthy and damaged mature nut; U- Infested mature 
apple showed subsequent  rotting; V- Blackened portion observed around the bored/scrapped area; W-Laboratory rearing of 
larvae.
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shoots by excessive tunneling, throwing frass material 
and their excreta from the bored holes. This affects 
uptake of water and nutrient to upper terminal canopy, 
resulting in yellowing, drying of leaves and wilting of 
terminal shoots. The peak infestation of C. eutraphera as 
apple and nut borer of cashew was found during February 
to May, which coincides with apple and nut formation 
stage. These observations are in agreement with the 
昀椀ndings of Kori Nagaraj et al. (2020), who reported that 
peak infestation of apple and nut borer, C. eutraphera 
was during peak summer months in Bangalore condition 
and also in maidan parts of Karnataka (Aswathanarayana 
Reddy et al., 2016). By considering the importance of 
this pest in cashew, there is need of further studies on 
its biology, seasonal incidence, natural enemies and 
management practices in Gujarat. 
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ABSTRACT: An experiment was conducted to test the ef昀椀cacy of certain new insecticides and biopesticides against 
major pests of broccoli at College of Agriculture, Rajendranagar, Hyderabad, India. There were nine treatments 
viz., acetamiprid 20% SP @ 0.2 g/L, Bacillus thuringiensis subsp. kurstaki @ 2 g/L, Beauveria bassiana @ 5 g/L, 
cyantraniliprole 10.26% OD @ 1.2 ml/L, chlorantraniliprole 18.50% SC @ 0.3 ml/L, diafenthiuron 50% WP @ 
1.2 g/L, emamectin benzoate 5% SG @ 0.4 g/L, 昀椀pronil 5% SC @ 2 ml/L and Metarhizium anisopliae @ 5 g/L 
along with untreated control replicated thrice. The treatment cyantraniliprole 10.26% OD @ 1.2 ml/L was the most 
effective in management of Plutella xylostella, Crocidolomia  pavonana and Spodoptera litura population followed 
by chlorantraniliprole 18.50% SC @ 0.3 ml/L and emamectin benzoate 5% SG @ 0.4 g/L. In case of Myzus persicae, 
acetamiprid 20% SP @ 0.2 g/L proved to be the most effective treatment showing maximum reduction in M. persicae 
population followed by cyantraniliprole 10.26% OD @ 1.2 ml/L and chlorantraniliprole 18.50% SC @ 0.3 ml/L. 

Keywords: Aphid, acetamiprid, broccoli, chlorantraniliprole, cyantraniliprole, diamondback moth

Broccoli (Brassica oleracea L. var. italica) is a 
popular exotic vegetable with rich source of potassium, 
phosphorus, sulfur, and magnesium. Anticancer and 
antioxidant properties are also found in broccoli 
(Podsedek, 2007). Broccoli, which originated in the 
Mediterranean region, is widely grown in China, the USA, 
Spain, Mexico, India, and Italy. In India, it is cultivated in 
Uttar Pradesh, Himachal Pradesh, and the hilly areas of 
the Nilgiri Hills, Jammu and Kashmir, and the northern 
plains. The productivity of broccoli is in昀氀uenced by many 
factors, of which insect pests such as lepidopterans and 
aphids are the most important. Farmers resort to repeated 
sprays of multiple pesticides to manage pests. However, 
the repeated use of conventional pesticides threatens 
the environment and natural enemies, and also causes 
problems of insecticide resistance. As completely doing 
away with chemical pesticides is not feasible, especially 
when insect pests load is high, using pesticides that are 
more selective and effective is imperative to minimize the 
damage (Jemimah et al., 2021). Hence, the present study 
was undertaken to evaluate some newer insecticides and 
biopesticides which will be more effective and have less 
impact on the environment and human health.

The present experiment was conducted at 
Rajendranagar, Hyderabad during rabi 2022-23 to study 
the ef昀椀cacy of different insecticides and biopesticides 
against major insect pests infesting broccoli (Shishir F1 
hybrid; Known-you seed). The experiment was laid out 
in randomized block design with 10 treatments including 
control replicated thrice with an individual plot size of 
20 m2 (5 m x 4 m). All the insecticides and biopesticides 
selected were applied as per the recommended dosages 
as foliar spray. Two sprayings were given during the crop 
period using a power sprayer at an interval of 15 days 
by initiating the 昀椀rst spray when the pest reached ETL. 
The observations on major insect pests were recorded 
one day before spraying as pretreatment counts and post 
treatment counts were recorded on 3rd, 5th and 7th day after 
spraying. Population of Myzus persicae (Sulzer) was 
recorded from 3 leaves viz., each one from top, middle 
and bottom plant canopy and represented as numbers 
per leaf per plant. The population of lepidopterans i.e., 
Plutella xylostella (Linnaeus), Crocidolomia pavonana 

(Fabricius) and Spodoptera litura (Fabricius) were 
recorded as larval counts and represented as numbers 
per plant. The observations were taken from 5 randomly 
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selected plants in each plot and represented as numbers per 
plant.The mean population data obtained from different 
treatments was transformed into square root values 
before analysis. The modi昀椀ed data was then subjected 
to an analysis of variance (ANOVA). To differentiate the 
means of treatments that showed signi昀椀cant differences 
(P < 0.05), Duncan's Multiple Range Test (DMRT) was 
applied.The level of signi昀椀cance was 昀椀xed at α = 0.05. 
All these statistical procedures were conducted utilizing 
WASP software. 

The data regarding ef昀椀cacy of different insecticides 
and biopesticides against major insect pests infesting 
broccoli after 昀椀rst and second spray are presented in 
table 1.

Diamondback moth (Plutella xylostella)

After 1st spray, a signi昀椀cantly less number of P. 
xylostella larvae were recorded by cyantraniliprole 
10.26% OD @ 1.2 ml/L (0.76 larvae/plant) followed 
by chlorantraniliprole 18.50% SC @ 0.3 ml/L (1.11 
larvae/plant), emamectin benzoate 5% SG @ 0.4 g/L 
(1.42 larvae/plant) and Bacillus thuringiensis subsp. 
kurstaki @ 2 g/L (2.40 larvae/plant). The plots treated 
with Beauveria bassiana @ 5 g/L (2.82 larvae/plant), 
acetamiprid 20% SP @ 0.2 g/L (2.96 larvae/plant) and 
diafenthiuron 50% WP @ 1.2 g/L (2.96 larvae/plant) 
were statistically on par with each other. Fipronil 5% SC 
@ 2 ml/L treated plots had 3.40 larvae/plant statistically 
equivalent in effectiveness with Metarhizium anisopliae 
@ 5 g/L (3.44 larvae/plant). After 2nd spray,the treatment 
cyantraniliprole 10.26% OD @ 1.2 ml/L recorded lowest 
mean population of P. xylostella larvae (0.51 larvae/
plant) followed by chlorantraniliprole 18.50% SC @ 0.3 
ml/L (0.84 larvae/plant), emamectin benzoate 5% SG @ 
0.4 g/L (1.24 larvae/plant), Bacillus thuringiensis subsp. 
kurstaki @ 2 g/L (1.76 larvae/plant) and Beauveria 

bassiana @ 5 g/L (1.92 larvae/plant) (both on par with 
each other).The plots treated with acetamiprid 20% 
SP @ 0.2 g/L (2.24 larvae/plant), diafenthiuron 50% 
WP @ 1.2 g/L (2.40 larvae/plant), 昀椀pronil 5% SC @ 
2 ml/L (2.44 larvae/plant) and Metarhizium anisopliae 
@ 5 g/L (2.51 larvae/plant) were statistically at par in 
effectiveness. All treatments showed superiority over 
untreated control where 4.22 larvae/plant was noted. 
These 昀椀ndings are in concurrence with Chowdary and 
Sharma (2019), who reported 81.02 per cent reduction in 
P. xylostella larval population on cabbage sprayed with 

chlorantraniliprole @ 10 g a.i./ha. Similarly, Beena and 
Selvi (2022) reported 77-99.5 per cent larval reduction 
by spraying with cyantraniliprole 10.26% OD @ 60 g 
a.i./ha on cauli昀氀ower.

Leaf webber (Crocidolomia pavonana)

After 1st spray, the treatment cyantraniliprole 10.26% 
OD @ 1.2 ml/L recorded signi昀椀cantly lower population 
of C. pavonana larvae (0.69 larvae/plant) followed by 
chlorantraniliprole 18.50% SC @ 0.3 ml/L (0.96 larvae/
plant), emamectin benzoate 5% SG @ 0.4 g/L (1.36 
larvae/plant) and Bacillus thuringiensis subsp. kurstaki 

@ 2 g/L (2.87 larvae/plant). Acetamiprid 20% SP @ 0.2 
g/L (3.33 larvae/plant), Beauveria bassiana @ 5 g/L (3.38 
larvae/plant) and diafenthiuron 50% WP @ 1.2 g/L (3.42 
larvae/plant) were statistically at par in effectiveness. 
The treatments 昀椀pronil 5% SC @ 2 ml/L (3.87 larvae/
plant) and Metarhizium anisopliae @ 5 g/L (4.00 larvae/
plant) were statistically on par with each other. After 2nd 
spray, the treatment cyantraniliprole 10.26% OD @ 1.2 
ml/L showed the lowest mean population of 0.47 larvae/
plant followed by chlorantraniliprole 18.50% SC @ 0.3 
ml/L (0.78 larvae/plant), emamectin benzoate 5% SG @ 
0.4 g/L (1.20 larvae/plant), Bacillus thuringiensis subsp. 
kurstaki @ 2 g/L (1.69 larvae/plant) and acetamiprid 20% 
SP @ 0.2 g/L (1.74 larvae/plant) (both on par with each 
other).The treatments Beauveria bassiana @ 5 g/L (2.09 
larvae/plant), diafenthiuron 50% WP @ 1.2 g/L (2.20 
larvae/plant) and 昀椀pronil 5% SC @ 2 ml/L (2.24 larvae/
plant) were statistically on par with each other in their 
ef昀椀cacy against C. pavonana. The treatment Metarhizium 

anisopliae @ 5 g/L harbored highest larval population 
of 2.53 larvae/plant. However, all the treatments were 
superior to untreated contro l4.38 larvae/plant.The 
present study is in line with Sambathkumar (2020) who 
recorded 100 per cent reduction (in vitro ef昀椀cacy study) in 
C. pavonana population by spraying chlorantraniliprole 
18.5 % SC @ 0.3 ml/L. Similarly, Jemimah et al. (2021) 
also reported that chlorantraniliprole 18.5 % SC @ 0.3 
ml/L showed 84.14 per cent reduction in C. pavonana 

population on cabbage. 

Tobacco caterpillar (Spodoptera litura)

After 1st spray, the lowest mean population of S. 
litura larvae were recorded in cyantraniliprole 10.26% 
OD @ 1.2 ml/L (0.62 larvae/plant) followed by 
chlorantraniliprole 18.50% SC @ 0.3 ml/L (0.98 larvae/
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plant) and emamectin benzoate 5% SG @ 0.4 g/L (1.42 
larvae/plant). The plots treated with Bacillus thuringiensis 
subsp. kurstaki @ 2 g/L (2.64 larvae/plant), Beauveria 

bassiana @ 5 g/L (2.93 larvae/plant), acetamiprid 20% 
SP @ 0.2 g/L (2.98 larvae/plant) and diafenthiuron 50% 
WP @ 1.2 g/L (3.07 larvae/plant) were statistically on 
par with each other. Fipronil 5% SC @ 2 ml/L (3.27 
larvae/plant) treated plots were statistically equivalent in 
effectiveness with Metarhizium anisopliae @ 5 g/L (3.33 
larvae/plant). After 2nd spray, a signi昀椀cantly less number 
of S. litura larvae were recorded incyantraniliprole 
10.26% OD @ 1.2 ml/L (0.58 larvae/plant) followed by 
chlorantraniliprole 18.50% SC @ 0.3 ml/L (0.93 larvae/
plant), emamectin benzoate 5% SG @ 0.4 g/L (1.31 
larvae/plant) and Bacillus thuringiensis subsp. kurstaki 

@ 2 g/L (1.58 larvae/plant) (both on par with each other). 
The treatments Beauveria bassiana @ 5 g/L (2.11 larvae/
plant), acetamiprid 20% SP @ 0.2 g/L (2.27 larvae/
plant), diafenthiuron 50% WP @ 1.2 g/L (2.40 larvae/
plant) and 昀椀pronil 5% SC @ 2 ml/L (2.46 larvae/plant) 
were statistically on par with each other. The treatment 
Metarhizium anisopliae @ 5 g/L (2.98 larvae/plant) 
harbored highest S. litura population. However, all the 
treatments were signi昀椀cantly superior over untreated 
control (3.87 larvae/plant).The present study is more or 
less in accordance with Reddy et al. (2017) who reported 
63 per cent reduction in S. litura population by spraying 
emamectin benzoate 5% SG @ 0.4 g/L on cabbage. 
Similarly, Kamde et al. (2018) recorded 61.72-75.38 
per cent reduction in S. litura population on cabbage by 
spraying cyantraniliprole 10.26% OD @ 1.2 ml/L.

Aphid (Myzus persciae)

After 1st spray, the treatment acetamiprid 20% SP 
@ 0.2 g/L showed maximum ef昀椀cacy, with lowest M. 
Persicae population (9.98 aphids/leaf/plant) followed by 
cyantraniliprole 10.26% OD @ 1.2 ml/L (13.40 aphids/
leaf/plant), chlorantraniliprole 18.50% SC @ 0.3 ml/L 
with (17.42 aphids/leaf/plant), diafenthiuron 50% WP 
@ 1.2 g/L (21.80 aphids/leaf/plant), 昀椀pronil 5% SC @ 
2 ml/L (36.67 aphids/leaf/plant), Bacillus thuringiensis 
subsp. kurstaki @ 2 g/L (43.29 aphids/leaf/plant) and 
emamectin benzoate 5% SG @ 0.4 g/L (43.38 aphids/
leaf/plant) (both on par with each other).The treatments 
Beauveria bassiana @ 5 g/L (49.27 aphids/leaf/plant) 
and Metarhizium anisopliae @ 5 g/L (49.97 aphids/
leaf/plant) were statistically equal in ef昀椀cacy against M. 
Persicae population. The plots treated with acetamiprid 

20% SP @ 0.2 g/L showed the lowest mean population 
(6.18 aphids/leaf/plant) after 2nd spray followed by 
cyantraniliprole 10.26% OD @ 1.2 ml/L (8.47 aphids/
leaf/plant), chlorantraniliprole 18.50% SC @ 0.3 ml/L 
with (11.49 aphids/leaf/plant), diafenthiuron 50% 
WP @ 1.2 g/L (16.89 aphids/leaf/plant), 昀椀pronil 5% 
SC @ 2 ml/L (22.29 aphids/leaf/plant), emamectin 
benzoate 5% SG @ 0.4 g/L (28.17 aphids/leaf/plant) 
and Bacillus thuringiensis subsp. kurstaki @ 2 g/L 
(29.44 aphids/leaf/plant) (both on par with each other). 
Beauveria bassiana @ 5 g/L (33.44 aphids/leaf/plant) 
and Metarhizium anisopliae @ 5 g/L (46.20 aphids/leaf/
plant) were statistically at par in effectiveness. All the 
treatments selected for ef昀椀cacy study were signi昀椀cantly 
effective over untreated control (46.20 aphids/leaf/
plant).Srivastava et al. (2016) reported acetamiprid 20% 
SP @ 150 g/ha caused 83.05 per cent reduction in aphid 
population on cabbage. Bhede et al. (2018) revealed that 
cyantraniliprole 10.26% OD @ 600 ml/ha caused 96.27 
per cent reduction in aphid population on cauli昀氀ower.
The present results are in line with the above researchers.

Based on the 昀椀ndings, it can be concluded 
that cyantraniliprole 10.26% OD @ 1.2 ml/L and 
chlorantraniliprole 18.50% SC @ 0.3 ml/L can be used 
for effective management of insect pests in broccoli 
ecosystem.
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ABSTRACT: This study reports on the occurrence of the leaf roller moth, Haritalodes derogata (Fabricius, 1775) 
(Lepidoptera: Crambidae: Spilomelinae) on Hibiscus arnottianus (Family: Malvacea) in Palar Agriculture College, 
Melpatti, Pernambut Road, Kothamarikuppam, Tamil Nadu, India. The research delves into biological and morphometric 
data related to the developmental stages of the moth.

Keywords: Hibiscus arnottianus, Haritalodes derogata, Palar agricultural college, metamorphic data

Hibiscus arnottianus, commonly known as 
Kokiʻokeʻokeʻo or Kokiʻokeʻokeʻoʻula, is an ornamental 
plant of Malvaceae family.  This is an evergreen, either a 
small tree or tall shrub, unique to Oahu and occasionally 
cultivated. Recognized for its sizable, aromatic, funnel-
shaped 昀氀owers with 昀椀ve spreading elliptical white 
petals, the plant reaches a height of 10–30 ft (3–9 m), 
featuring multiple trunks and a dense, sometimes hairy, 
crown. Indigenous to Oahu and Wailau Valley, Molokai, 
the species 昀氀ourishes in wet forests at elevations ranging 
from 1000 to 3000 ft (305–914 m). Previously abundant 
in mountainous areas near Honolulu, it serves as a prime 
example of localized endemism within the Hawaiian 
archipelago (Little, 1989). The study conducted by 
Manjula et al. (2020) in Karnataka sheds light on the 
complex insect interactions affecting H. rosa-sinensis. 
The plant contends with a total of 20 insect species 
across Hemiptera, Lepidoptera, and Coleoptera orders, 
featuring both defoliators and sap suckers. Notably, the 
sucking pests are dominated by coccids, with seven 
distinct species representing Pseudococcidae, Coccidae, 
Cerococcidae, and Monophlebidae families. Regarding 
the Hibiscus genus, the prevalence of sap-sucking pests, 
such as aphids, mealy bugs, and scales, surpasses that of 
defoliators. Notably, the current investigation serves as 
a novel contribution to this aspect of Hibiscus ecology. 
The study is founded on meticulous 昀椀eld collections and 
laboratory observations conducted by the primary author 
within the H. arnottianus. 

In a recent survey conducted in November 2023 at 
Palar Agriculture College, Melpatti, Pernambut Road, 
Kothamarikuppam, Tamil Nadu an observation was 
made regarding the severe infestation of H. arnottianus 

(Fig. 1, 2, and 3), commonly known as Vellaisembaruthi 
in Tamil, within the Garden land area (GPS coordinates 
12.8818° N, 78.7768° E, altitude).   The affected plants 
exhibited visible leaf folding, indicative of infestation 
by lepidopteran larvae. Subsequently, these caterpillars 
were systematically collected and reared on their host 
plant within an insect rearing cage under controlled 
laboratory conditions, maintaining a temperature range 
of 25-31oC and RH 60-75%. Larvae in various instars 
were gathered and provided with H. arnottianus leaves 
until the pupation stage. The emerged pupae were then 
allowed to develop into adults, and their identi昀椀cation 
was performed at the adult stage. Throughout this 
process, the duration and dimensions of each stage in the 
life cycle of the leaf folder were meticulously recorded, 
contributing to a comprehensive understanding of the 
species' developmental dynamics and impact on the host 
plant. 

The 昀椀ndings indicate a notable infestation of H. 

arnottianus by the leaf folder known as Haritalodes 

derogata (Fabricius,1775) (Lepidoptera: Crambidae: 
Spilomelinae), with sporadic instances. This 
identi昀椀cation is consistent with the detailed description 
provided by Hosseini Tabesh et al. (2015). Regarding 
the genus Haritalodes Warren, 1890, which falls under 
the subfamily Spilomelinae and is one of the 322 
known genera, it encompasses eleven identi昀椀ed species 
distributed in the Oriental, Palaearctic, Australian, 
and Afro-Tropical regions, as outlined in the work of 
Nuss et al. (2014). The pest occurs in India, Pakistan, 
Bangladesh, Burma, Australia, Africa, China, Japan, Sri 
Lanka and other parts of the world. The pest is active 
from the month of September to November (Mariselvi 
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and Manimegalai, 2016). Afrotropical (Africa, Sub-
Saharan, Madagascar, Comoros, Seychelles, Reunion 
Island), Australian (Papua New Guinea, Australia, 
Samoa), Eastern Palaearctic (Japan, Philippines, Korea, 
Taiwan, China, Southeast Asia, Pakistan), Oriental 
(Nepal, Java, India, Burma, Bangladesh, Thailand, 
Malaysia, Indonesia, Guam, Singapore, Solomon Island, 
Andaman Island, Nicobar Island, Sri Lanka, Vietnam, 
Pakistan) (Leraut, 2005; Yamanaka, 2008; Robinson et 

al., 2010).

Nature of infestation 

The larva exhibits characteristic leaf-rolling behavior 
during its early stages, consuming green tissue initially 
and progressively devouring a substantial portion of the 
leaf as it matures (see Fig. 1 and 2). Remarkably, 昀氀owering 
is relatively unaffected by this pest, as illustrated in Fig. 
3. Observable symptoms of larval infection include 
the formation of webs and leaf withering.The larval 
feeding process results in complete leaf consumption 
or the development of prominent holes. Subsequently, 
the affected leaves transition to a brown color before 
ultimately dropping from the plant. Severe infestations, 
denoted by a high number of leaf rolls, lead to stunted plant 
growth.Caterpillars employ silk spun by the spinnerets 
near their mouths to roll up leaves from the sides and 

secure the roll. Scrapping by larval instars is particularly 
intense during the 昀椀rst three stages (characterized by a 
transparent light green to yellow color). The presence 
of fecal pellets inside the leaf, which are subsequently 
dropped below the plant, indicates larval activity.In the 
fourth and 昀椀fth instars (displaying light pink to dark red 
coloration), feeding substantially diminishes. Larvae 
in these stages cease feeding altogether, constructing a 
new leaf folded completely with silken threads, in which 
they pupate without exposure to sunlight. This behavior 
signi昀椀es a crucial phase in the pest's life cycle.

Hosts 

Several host plants of ten different families are known 
for Haritalodes derogata of which the most important 
ones belong to the family Malvaceae (Abelmoschus 

esculentus, Abutilon sp., Alcea sp., Alcea rosea, Althaea 

sp., Althaea rosea, Gossypioideskirkii, Gossypium sp., G. 

barbadense, G. herbaceum, Hibiscus sp., H. cannabinus, 

H. mutabilis, H. parviformis, H. rosa-sinensis, H. 

sabdariffa, H. tiliaceus, Kydiacalycina, Sida sp., S. 

cordifolia, S. orientalis, Thespesia danis, T. lampas, T. 

populnea, Urena sp., U. lobata) (Robinson et al., 2010), 
Hibiscus syriacus L. and Hibiscus mutabilisL., (Hosseini 

Tabesh et al., 2015). Our present report is a new addition 
of Host plant H. arnottianus for H. derogata.

Fig 1. Infestation of leaf roller

Fig.2. Larvae of leaf roller H. derogata Fig. 3. Obtect pupa  
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Developmental stages       

The antepenultimate larval stage ranges from 100-
180 mm in length (mean ± SE: 12.3±0.68 mm) and 
18-68 mg in weight (39±4.07 mg). Transitioning to the 
penultimate larval phase, lengths 昀氀uctuate between 20-
24 mm (22.00±0.37 mm), and weights range from 90-
124 mg (94.2±6.13 mg). In the ultimate larval stage, 
lengths extend to 25-30 mm (25.4±0.22 mm), with 
weights ranging from 130-220 mg (175.7±3.93 mg) 
(Fig. 4 and 5). The larva has been described detail by 
Atulukwu (2021). According to Anoike (1978) larvae 
of Syleptaderogata [Sylleptederogata], a pest of okra 
in Nigeria, underwent 5 or 6 instars when instars when 
reared singly in the laboratory; the life cycle was 
completed in 33.9+or-0.5 days.

Fig. 4. Female adult

The prepupal stage (Fig. 6) features lengths varying 
from 16-22 mm (18.5±0.69 mm) and weights spanning 
60-90 mg (69.7±4.62 mg). The subsequent pupal stage 
presents lengths of 13-18 mm (14.40±0.60 mm) and 

Table 1. Morphometrics of H. derogate developed on H. arnottianus in laboratory

Stage 
Length(mm) Weight (mg)

Range Mean ± SE Range Mean ± SE

Larva 

Antepenultimate 10-18 12.3± 0.68 18-68 39± 4.07

Penultimate 20-24 22.00± 0.37 90-124 94.2± 6.13

Ultimate * 25-30 25.4± 0.22 130-220 175.7± 3.93

Prepupa 16-22 18.5±0.69 60-90 69.7±4.62

Pupa 13-18 14.40±0.60 40-55 46.1±1.27

Adult ** 25-32 27.2±0.42  - - 

*Full grown ** Wing expanse of dry specimen. Data based on 10 observations  

weights ranging from 40-55 mg (46.1±1.27 mg). Pupae 
adopt an obtect form, exhibiting a distinctive chocolate 
brown hue and were found to exist 8-11 days.  Mariselvi 
and Manimegalai (2016) reported that the period of 
pupation is about 6-12 days. Roychoudhury et al. (2017) 
have also reported of this species 7-10 days.  Finally, the 
adult stage (Fig. 7) emerges with a length range of 25-32 
mm (27.2±0.42 mm). These moths are light yellowish in 
color and have black and brown spots on their head, body, 
and abdomen. What makes them distinct is the presence 
of dark brown wavy lines on their wings, giving them 
a unique and eye-catching appearance. The diagnostic 
features of moth of this species have been described 
by Roychoudhury et al. (2017); Atulukwu (2021) and 
Mariselvi and Manimegalai (2016).
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ABSTRACT: Field studies were carried out to evaluate valifenalate 6 % + mancozeb 60 % WG against downy 
mildew of cucumber incited by Pseudoperonospora cubensis. The results revealed that,  application of valifenalate 
6 % + mancozeb 60 % WG at 3000 g/ha had recorded lowest downy mildew severity (7.99%) with maximum yield 
of 12.23 t/ha which was signi昀椀cantly superior over standard check and untreated control. Therefore valifenalate 6 % 
+ mancozeb 60 % WG can be an additional option for effective management of downy mildew of cucumber in order 
to break the fungicide resistance development by the pathogen against mancozeb. Subsequent testing on phytotoxicity 
revealed that there were no visual phytotoxic symptoms observed during the experimentation.

Keywords: Cucumber, valifenalate, disease severity, downy mildew, fungicide, phytotoxicity

Cucumber (Cucumis sativus L.) is an annual 
vegetable crop, grown during warm season across the 
world. In India, the crop is extensively cultivated under 
natural condition as it is grown in tropical, subtropical 
and milder temperate zones during Kharif and summer. 
On the onset of rabi, it is taken up in protected controlled 
conditions (Rai et al., 2008). Cucumber is attacked by 
various fungal, bacterial, phytoplasmal and viral diseases. 
Among them, fungal diseases such as Alternaria leaf 
blight, Cercospora leaf spot, Septoria leaf spot, target 
leaf spot, anthracnose, downy mildew, powdery mildew, 
Fusarium wilt, Verticillium wilt and gummy stem blight 
have a prominent role in reducing cucumber yield. 

Downy mildew of cucumber incited by 
Pseudoperonospora cubensis is a common 
threatening disease which appears as angular, 
yellow lesions on the top surface of the infected 
leaf and corresponding underside of the leaf shows 
gray to black fuzz (sporangia) which gives dirty or 
velvety appearance. It causes abundant reduction in 
yield in terms of quality and quantity (Lebeda and 
Cohen, 2011). P. cubensis is an obligate parasite and 
overwinters on live cucurbit plants in areas with mild 
winter climates or plants growing in greenhouse/
protected environment (Keinath, 2015). P. cubensis 
attacks at least 50 cucurbit species which includes 
cucumber, cantaloupe, muskmelon, pumpkin, squash 
and watermelon (Lebeda and Widrlechner, 2003). 

Traditionally, cucumber downy mildew was managed 
by an integrated approach that combined planting of 
resistant cultivars, cultural practices that reduce leaf 
wetness and a timely but limited application of broad-
spectrum protectant or oomycete-speci昀椀c fungicides 
(Holmes et al., 2006). Fungicide acts as an important 
tool for management of downy mildew in case of 
highly susceptible varieties during humid weather. 
The Fungicide Resistance Action Committee (FRAC) 
considers P. cubensis a pathogen with a high risk for 
development of resistance. Systemic fungicides should be 
used in combination with protectant fungicides to reduce 
the chance of developing fungicide resistant strains of 
the pathogen (Urban and Lebeda, 2006). Keeping all 
above in view, the present investigation was carried out 
to evaluate new combi-fungicide valifenalate 6 % + 
mancozeb 60 % WG against severity of downy mildew 
of cucumber and yield parameters.

The 昀椀eld experiment was laid out during 2020-21 
and 2021-22 in a randomized complete block design 
with nine treatments and replicated thrice using local 
cucumber variety with a spacing of 125 × 90 cm. The 
昀椀rst foliar spray of recommended fungicides was 
given as per the respective treatments after the onset of 
diseases, the second spray was given 10 days after the 
imposition of 昀椀rst spray and the last spray was given 
at an interval of 10 days. The disease severity on each 
treatment was recorded prior to the imposition of the 
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treatment and 10th day after 昀椀rst, second and third spray 
during the experimentation and the per cent disease 
severity was analyzed statistically. The 昀椀nal scoring of 
the disease severity was recorded as per disease index by 
following 0-5 scale as described by Jamadar and Desai 
(1997) given below (Table 1). Fifteen leaves randomly 
selected on 昀椀ve cucumber plants/plot were assessed for 
scoring the severity of diseases. The data were computed 
to percent disease index (PDI) using following formula 
given by Wheeler (1969). 

              Sum of numerical ratings                              100
PDI =   ---------------------------------- X ------------------------------------ 
             Number of leaves observed         Maximum disease rating value

The PDIs were suitably transformed into arcsine 
values and analyzed. The weight of cucumber fruits 
harvested/plucked were summed up for calculating 
total yield/plot and converted into t/ha and statistically 
analyzed. 

Table 1. Disease rating scale used to assess the severity of downy mildew on cucumber leaves

Grade Description (% leaf area infected)

0 No infection of downy mildew

1 0-10 

2 10.1-15

3 15.1-25 

4 25.1-50 

5 > 50 

To know the phytotoxic effect, the fungicide 
was sprayed at recommend dose (x, 1.5 x and 2.0 x), 
cucumber plants were observed at 1, 3, 5, 7 and 10 days 
after each application for phytotoxic symptoms like 
leaf injury, wilting, vein clearing, necrosis, yellowing, 
stunting, epinasty and hyponasty. 

The pooled data of 2020-21 and 2021-22 revealed that 
downy mildew intensity in the trial ranged between 8.54 
and 9.74 before implementation of treatments and was 
non-signi昀椀cant with each other. All the spray treatments 
were signi昀椀cant in managing disease in comparison to 
untreated control (Table 2). The fungicides were tested 
against downy mildew of cucumber and the results 
revealed that, the treatment plots sprayed with three 
applications of valifenalate 6 % + mancozeb 60 % WG at 
3000 g/ha - with 10 days interval has recorded minimum 
severity of downy mildew (7.99 %) which was followed 
by valifenalate 6  + mancozeb 60 % WG at 2500 g/ha 
(T

4
) and at 2000 g/ha (T

3
) with 8.33 and 9.20 per cent 

downy mildew, respectively which are on par with each 
other and are signi昀椀cantly superior over remaining 
treatments including standard check (T

7
-mancozeb 75 % 

WP at 2000 g/ha with 24.09 %) and untreated control 
check (47.78 %). Among all the tested chemicals, the 
maximum percentage of reduction over control of downy 
mildew in cucumber was recorded with valifenalate 6 % 

+ mancozeb 60 % WG at 3000 g/ha (T
5
) (83.29 %) which 

was followed by valifenalate 6 % + mancozeb 60 % WG 
at 2500 g/ha (T

4
) (82.56) and at 2000 g/ha (T

3
)  (80.79) 

(Table 2).  

Yield data recorded in response to different treatments 
are presented in table 2. Maximum yield of 12.23 t/ha 
was recorded with valifenalate 6 % + mancozeb 60 % 
WG at 3000 g/ha (T

5
) treatment followed by valifenalate 

6 % + mancozeb 60 % WG at 2500 g/ha (T
4
) and at 2000 

g/ha (T
3
) with 11.99 and 11.60 t/ha, respectively. These 

treatments are on par with each other and signi昀椀cantly 
superior over the rest of the treatments including 
standard (9.41 t/ha). The economics of valifenalate 6 % 
+ mancozeb 60 % WG in managing the downy mildew 
of cucumber revealed that, the maximum BC ratio was 
recorded by valifenalate 6 % + mancozeb 60 % WG at 
3000 g/ha (T

5
) with 1.31 followed by valifenalate 6 % 

+ mancozeb 60 % WG at 2500 g/ha (T
4
) and at 2000 g/

ha (T
3
) with 1.28 and 1.21, respectively  against 0.68 by 

the standard check (Table 2). Further the phytotoxicity 
of valifenalate 6 % + mancozeb 60 % WG was tested, 
the observations revealed that, no visual phytotoxic 
symptoms such as leaf injury, leaf vein clearing, 
yellowing, stunting, wilting, necrosis, hyponasty and 
epinasty were observed on cucumber. 
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The outcomes of present investigation are in agreement 
with Kagadi et al. (2002) who reported that prophylactic 
spray with mancozeb serve as protective layer on foliage 
and destroy the sporangia landed on the foliage thereby 
delaying in onset of the disease.  Alavi and Dehpour 
(2010) explained that application of mancozeb at 2000 
ppm reduced the severity of downy mildew in cucumber 
with 24.4 per cent. Valifenalate is a new active ingredient 
discovered by Isagro Ricerca, belonging to group of 
CAA (Carboxilic Acid Amides), subgroup valinamide 
carbamates. The oomycetes fungi P. cubensis is the 

exclusive target of valifenalate, as it mainly inhibits the 
cell wall synthesis (Bermano et al., 2010). Noorulla et 

al. (2019) and Srividhya et al. (2019) also reported that 
curative sprays with metalaxyl + mancozeb at 0.2 % and 
dimethomorph at 0.1 % + mancozeb at 0.2 % at weekly 
interval at onset of the disease were found most effective 
against the disease in 昀椀eld conditions. 

Based on the results of the present study, it can be 
concluded that valifenalate 6 % + mancozeb 60 % WG 
at 3000 g/ha (T

5
) is effective in reducing downy mildew 

Table 2. Effect of formulation of valifenalate 6 % + mancozeb 60 % WG on downy mildew and yield of cucumber 

(Pooled data of  2020-21 and 2021-22

Tr. 

No

Treatment 

detail

Dose

(g or ml/

ha)

Downy mildew (Severity (PDI)) ROC 

after 3rd 

spray (%)

Yield

(t/

ha)

Bene昀椀t 
cost 

ratio
Before 

spray

After I 

spray

After II 

spray

After III 

spray

T1 Control -
9.52

(17.95)*
27.08

(31.35)
38.06

(38.06)
47.78

(43.72) - 7.14 -

T2
Valifenalate 6 
% + mancozeb 
60 % WG

1500
9.74

(18.16)
13.53

(21.57)
15.06

(22.82)
17.11

(24.42)
64.20 10.65 0.98

T3
Valifenalate 6 
% + mancozeb 
60 %  WG

2000
9.29

(17.72)
8.26

(16.33)
8.94

(16.94)
9.20

(17.49)
80.79

11.60
1.21

T4
Valifenalate 6 
% + mancozeb 
60 % WG

2500
9.51

(17.95)
7.22

(15.57)
7.90

(16.32)
8.33

(16.92)
82.56

11.99
1.28

T5
Valifenalate 6 
% + mancozeb 
60 % WG

3000
8.54

(16.97)
6.74

(15.01)
7.67

(16.06)
7.99

(16.67)
83.29

12.23
1.31

T6
Valifenalate 10 
% WG

1500
8.76 

(17.15)
13.41

(21.47)
16.05

(23.60)
18.36

(25.34)
61.67

9.78
0.79

T7
Mancozeb 75 
%WP

2000
8.62

(17.06)
17.91

(25.01)
19.23 

(25.98)
24.09

(29.37)
49.66

9.41
0.68

T8

Ametoctradin 
27 % + 
dimethomorph 
20.27 %

800-1000
9.69

(18.12)
15.83

(23.44)
17.67

(24.85)
20.40

(26.84)
57.29

9.75
0.69

T9
Cymoxanil 8 
% + mancozeb 
64 % WP

1500
9.51

(17.96)
16.28

(23.77)
17.23

(24.51)
20.40 

(26.84)
57.35. 9.66 0.73

S. Em ± 0.42 0.41 0.39 0.39 - 0.19

CD at 5% NS 1.22 1.16 1.17 - 0.57

*Figures in the parenthesis are Arcsine transformed values; NS: Non signi昀椀cant; ROC: Reduction over control 

valifenalate 6 % + mancozeb 60 % WG against downy mildew of cucumber
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disease of cucumber with high economic returns and 
could be an affective component of integrated disease 
management in cucumber. 
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