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Director, Feed the Future Innovation 
Lab for Integrated Pest Management, 
Virginia Tech University
Dr. R. Muni Muniappanis an entomologist who has specialized in biological control 

and integrated pest management research in the tropics for more than 35 years. His 

primary work experience has focused on the biological control of invasive weeds 

such as Chromolaenaodorata, Lantana camara, Cocciniagrandis, and Mimosa 

diplotricha. He also specializes in insect pests of tropical fruit and vegetable crops 

such as mealybugs, scale insects, whiteflies, caterpillars and weevils. As the 

Program Director for the Integrated Pest Management Innovation Lab, Dr. 

Muniappanworks with USAID and project partner institutions in the United States 

and developing countries in Asia, Africa, Eastern Europe, the Caribbean and Latin 

America. In addition to his duties with the Center for International Research, 

Education, and Development (CIRED) at Virginia Tech University, he is currently 

serving as chairman of the global working group on Chromolaenafor the 

International Organization for Biological Control. As a major leader in his field, Dr. 

Muniappanhas published over 200 research and extension articles.
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Invasive Alien Species (IAS)

Å Papaya mealybug and parthenium are natives of Mexico.

Å Both invaded Africa and Asia; in addition, parthenium 

reached Australia.

Å Alien species become invasive in the introduced countries as 

they reach without their natural enemies that kept them under 

control in their native countries.

Å IAS cause about $120 billion in damage and management 

costs annually in the U.S. (Pimmentel, D. 2011).

Å Losses to agriculture:

Å Weeds - $27 billion

Å Insect pests - $14 billion

Å Pathogens - $22 billion



Biological control

Classical: involves introducing natural enemies from a pest's native 

range into a new area where native natural enemies do not provide 

control. Examples: Papaya mealybug control; Parthenium control in 

Australia; Cassava mealybug in Africa and Southeast Asia; Mango 

mealybug in Africa.

Papaya mealybug Parthenium in a pasture



Papaya mealybug, 
Paracoccus marginatus

Order: Hemiptera 

Suborder: Sternorrhyncha

Family: Pseudococcidae

ÅNative to Mexico

ÅFirst collected in 1955

ÅStarted to spread to other countries in 1994

ÅIt is polyphagous ïhost range 60 species of plants 

including several crops such as cotton, cassava, 

mulberry, eggplant etc.



Spread of Papaya Mealybug

A. Shabbir



Parasitoids of Papaya Mealybug Collected in Mexico

Anagryrus loecki ǀ

Length ï1.25mm

Acerophagus papayae

Anagyrus loecki

Pseudleptomatix mexicana

Å 1999 ïUSDA/ARS scientists collected three 

parasitoids on papaya mealybug in Mexico

Å They were sent to Beneficial Insects Laboratory in 

Delaware to screen for hyperparasitoids and host 

specificity testing.

Å Later they were cultured in a laboratory in Puerto 

Rico with the support of USDA/APHIS.

Å This laboratory supplied to countries wherein papaya 

mealybug invaded upon request from their NPPOs.



Papaya Mealybug Control in Guam

D. Meyerdirk

ÅPapaya mealybug was 

recorded in Guam in 

early 2002.

ÅParasitoids were 

imported from Puerto 

Rico and released in 

June 2002.

ÅBy Sept. 2002, papaya 

mealybug population 

declined in the study 

sites.



Papaya Mealybug in India

ÅPapaya mealybug  found  in India - Aug. 

2008

ÅParasitoids introduced - Aug. 2010

ÅPapaya mealybug controlled - Feb. 

2011

Collaborators:

ÅUSAID Mission in India

ÅUSDA ïAPHIS

ÅIndian Council of Agricultural 

Research

ÅDirectorate Plant Protection, 

Quarantine and Storage

ÅNational Bureau of Agricultural 

Insect Resources

ÅTamil Nadu Agricultural University

ÅIPM Innovation Lab

Delhi 2008 -2010

Bengaluru 2010

Coimbatore 2008



Parasitoid used for control

Biological Control of Papaya 

Mealybug

Benefit to India from 

releasing the parasitoid: $500 

million to $1.34 billion

This parasitoid moved with the papaya mealybug into Asian countries 

fortuitously and controlled the pest.

NBAIR



Papaya Mealybug Control in Africa

Å Papaya mealybug invaded Ghana in 2009.

Å FAO initiated a biological control project in 2010.

Å Acerophagus papayae was imported from Puerto Rico, cultured, and 

released in the fields in July 2011.

Å Papaya mealybug kept moving north and eastwards from Ghana.

Å IITA-Benin imported a stock culture of A. papayae from Ghana in 2013.

Å In April 2013, it was released in the fields.

Å Acerophagus papayae has fortuitously established in many African and 

Asian countries with the papaya mealybug and has controlled it.



Parthenium is native to Mexico. 

It has spread to East and Southern Africa, 
Australia, and Middle East, South and 
Southern Asia.

It is an aggressive invader:

× A single plant can produce 25,000 seeds.

× It can complete its life cycle in 6-8 weeks.

× It is allelopathic and releases toxic 
chemicals.

Parthenium hysterophorus (Asteraceae)

Known in Ethiopia as ´Faramasissa,µ meaning ´sign your land awayµ.



Mexico

Northern 

Argentina, 

Paraguay, 

Bolivia, 

Chile, Peru, 

Uruguay

Centers of Origin of Parthenium

Å There are two centers ïone 

in Mexico and the other in 

South America

Å Population from Mexico 

center spread to Africa, Asia, 

and Australia

S. W. Adkins et. al



Parthenium hysterophorus

It has now established in 48 countries 

A. Shabbir et. al



CLIMEX-generated map of the relative climatic suitability of 

Africa for Parthenium hysterophorus

Å Established in 14 African 

countries in East and 

Southern Africa.

Å The darker the red 

shading, the more suitable 

the area is for parthenium.

ÅNeed to suppress it in East 

and Southern Africa and 

prevent its spread to 

Central and West Africa.

McConnachie et al. 2010



Parthenium Impact



Dermatitis Caused by Parthenium

Å It also causes rhinitis and asthma in humans 

A. Shabbir and others



Bucculatrix moth

Summer rust

Epiblema moth

Smicronyx weevil

Zygogramma beetle

Listronotus weevil

Stobaera bug

Winter rust

Conotrachelus weevil

Carmenta moth

Platphalonidia

moth

Biological control 

in Australia

Dhileepan
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Biocontrol Agents Established

Role of IPM Innovation Lab in Biocontrol of Parthenium

ÅIPM IL initiated biocontrol of 

Parthenium in Ethiopia in 2005.

ÅVirginia State University (MSI) is 

the main partner.

ÅIPM IL established a quarantine 

facility for host specificity testing.

ÅIPM IL provided training to 

Ethiopian scientists and 

technicians in South Africa.

ÅField released and established 

two natural enemies with the 

approval of Government of 

Ethiopia and USAID.

ÅEthiopia is the third country in 

implementing biocontrol of 

Parthenium after Australia and 

South Africa.



Zygogramma bicolorata, a leaf-feeding beetle

ÅOne of the biocontrol agents that established in Ethiopia

Mersie



Listronotus setosipennis, stem-boring weevil

ÅAnother biocontrol agent that established in Ethiopia 

Mersie



Zygogramma Release by Railroad Track at 

Wollenchiti, Ethiopia

Released 1,000 Zygogramma on July 

16, 2016 

Vegetation on 

September 7, 2016 

Vegetation on September 9, 2018 

Mersie



Before release in 2017 A year after release in 2018

Listronotus setosipennis at Mojo, Central Ethiopia 

Mersie


