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For the past six years, I have had the distinct privilege of supervising the Feed
the Future Innovation Lab for Integrated Pest Management, also known as
the Integrated Pest Management Innovation lab. This program, which began
over two decades ago, has helped countless farmers around the world protect
their crops and livelihoods and ensure food security. It has also helped control
devastating pest invasions, such as that of the papaya mealybug in India, an
intervention estimated to have saved the country up to one billion dollars.
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This USAID-funded program, formerly known as the Integrated Pest
Management Collaborative Research Support Program, began in 1993.
The program assists developing countries in tackling their agricultural pest
problems by introducing methods that are affordable, environmentally sound,
safe to human health, and socially acceptable. Since the program’s inception,
it has been managed by Virginia Tech, one of America’s valuable land grant
universities.
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continue to be impressed by their hard work, organization, and vision. One
of the many strengths of this program is that, in addition to developing
technologies to tackle pest problems using non-chemical pesticides as often
as possible, it also helps prevent and mitigate pest problems by tracking
invasive species worldwide and raising awareness in countries well ahead of
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I have also actively participated in the IPM Innovation Lab’s many workshops
and symposia conducted at international conferences. These workshops
disseminate the information developed by the program outside of the
mandated Feed the Future countries, pushing its impact well beyond national
borders.
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Director’s Message
It has been three years since we began the current phase of the IPM
Innovation Lab, and we’re very proud of what each of our projects has
accomplished. In the current phase, the IPM Innovation Lab has projects in
Bangladesh, Cambodia, Nepal, and Vietnam in Asia and Ethiopia, Kenya,
and Tanzania in Africa. We also have a sub-award from the Sorghum and
Millet Innovation Lab at Kansas State University to work in Niger.
While our current phase began in 2014, the IPM Innovation Lab has
been working towards food security in the developing world since the
program began in 1993. Thanks to continued USAID funding, we have
developed a unique approach for fighting a number of agricultural pests
by creating IPM packages for various crops in collaboration with host
country scientists, and introducing them to farmers through extension
agents, NGOs, and value chain projects. We also work with government
laboratories and private companies to manufacture bio-pesticides and
other products needed for IPM package implementation. In South Asia
for example, we have facilitated regional business development in biopesticides with far-reaching results.
In addition to developing IPM packages, we also monitor invasive species,
whose spread has been accelerated by globalization and an increase
in traffic of people and commodities worldwide. We have conducted
awareness workshops in countries and regions before the pest invaded
in order to prepare countries to tackle the pest when it did inevitably
show up. For example, we have held 16 workshops on the invasive South
American tomato leafminer, Tuta absoluta, reaching scientists and farmers
from over 55 countries.
We are also very active in transferring technologies developed beyond
the boundaries of our USAID-assigned Feed the Future countries
by conducting symposia and workshops in national, regional, and
international congresses, conferences, and meetings. And we are currently
working with partners in Africa to help mitigate the spread of the recently
introduced fall armyworm, a quick-moving invasive pest that is decimating
maize, along with millet and rice, on the continent.
We are very proud of what the IPM Innovation Lab has accomplished
over the last three years and in the following pages, we will share some
of our project work with you. For example, one project recently released
two biological agents in Ethiopia to control the invasive weed Parthenium
hysterophorus after years of work, and another helped identify the cause of
a syndrome that made longan trees non-productive in Vietnam.
This publication serves as an overview of just some of the work that we
have done around the world over the last three years, and there is much
more to do. We look forward to supporting our international partners in the
coming years to continue this vital work of ensuring food and livelihood
security in the countries where we work and beyond.
— R. Muniappan
Director, IPM Innovation Lab
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Phase V Project Summary for the
IPM Innovation Lab: 2014-2019

T

he Feed the Future Innovation Lab for Integrated Pest Management has been managed by Virginia Tech since its
inception in 1993. This project promotes Integrated Pest Management (IPM), a holistic approach to reducing damage
caused by pests without harming the environment. Among the approaches embraced by IPM are: the adoption of pestresistant varieties of crops; biological and physical control methods; environmental modification; biopesticides; and when
absolutely necessary, non-residual, environmentally-friendly, and less toxic chemical pesticides.
While the program is housed at Virginia Tech, the IPM Innovation Lab works with researchers, scientists, extension agents,
farmers, policymakers, and government officials around the world. Through collaboration with universities in the United
States, host countries, and national and international agriculture research centers, the program provides training for the next
generation of IPM practitioners. Technology transfer of pest management techniques and practices is made possible through
cooperation with governments, NGOs, universities, farmer groups and the private sector.
In November of 2014, USAID issued a Cooperative Agreement to Virginia Tech to carry it over for another five years through
November of 2019. In this current phase, the IPM Innovation Lab manages eight projects in seven countries in two regions of
the world: East Africa (Ethiopia, Kenya, and Tanzania) and Asia (Bangladesh, Cambodia, Nepal, and Vietnam).
These projects focus on a range of issues, from fruits, vegetables, and grains, to climate change and invasive pest modeling.
The projects are:
Biological Control of the Invasive Weed Parthenium hysterophorus in East Africa, Principal Investigator: Wondi Mersie, Virginia State University
Grains IPM for East Africa, Principal Investigator: Tadele Tefera, International Centre of Insect Physiology and

Ecology

Vegetable Crops IPM for East Africa, Principal Investigator: John Cardina, The Ohio State University.
IPM for Exportable Fruit Crops in Vietnam, Principal Investigator: Hoa Nguyen Van, Southern Horticultural Research
Institute, Vietnam.
Rice IPM for Cambodia, Principal Investigator: Buyung Hadi, International Rice Research Institute.
Vegetable Crops and Mango IPM in Asia, Principal Investigator: George Norton, Virginia Tech.
Participatory Biodiversity and Climate Change Assessment for IPM in Nepal, Principal Investigator:
Nir Krakauer, City University of New York
Invasive Species Modeling for South American Tomato Leafminer and Groundnut Leafminer, Principal Investigator:
Abhijin Adiga, Biocomplexity Institute, Virginia Tech.
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Project Description:

Biological Control of Parthenium hysterophorus

A

s Ethiopia faces drought and famine, the invasive weed Parthenium hysterophorus has further complicated
the country’s precarious food situation. One of the world’s most destructive weeds, Parthenium came to East
Africa from the Americas in the 1970s. Its adaptability to a wide range of habitats, drought-tolerance, ability
to release toxic chemicals against other plants, rapid growth-rate, and prolific seed production allow this invasive
weed to colonize new areas quickly and extensively. It
is so pervasive and destructive that Ethiopian farmers
call it “Faramsissa,” meaning “sign your land away.”
In East Africa, Parthenium reduces the yield of many
major crops, such as sorghum and maize. It also
taints milk and meat when consumed by livestock,
and can cause major skin irritation and respiratory
problems in humans. It also replaces natural vegetation,
creating a threat to one of the world’s richest regions
of biodiversity. In African subsistence farming,
Parthenium is currently managed by hand-weeding,
a task primarily done by women and school-aged
children. Any management system that can control
Parthenium will reduce the workload on both groups,
allowing them to engage in more productive activities,
and alleviating the dermatitis caused by handling the
weed.
This project, which builds on two previous IPM
Innovation Lab-funded Parthenium projects that
began in 2005, helps abate spread and impact of this
weed in East Africa by releasing large numbers of two
previously approved biocontrol agents: the leaf-feeding
beetle Zygogramma bicolorata, and a stem-boring
weevil, Listronotus setosipennis.

Zygogramma bicolorata on Parthenium hysterophorus
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Two Biological Agents Control a
Destructive, Invasive Weed in Ethiopia

L

arge tracts of farmlands and pastures in the Amhara Regional State of Ethiopia are infested by the invasive weed
Parthenium hysterophorus.

In order to combat this weed, an IPM Innovation Lab project led by Virginia State University has released two
bioagents, the leaf-feeding beetle (Zygogramma bicolorata) and stem-boring weevil (Listronotus setosipennis). On June
20, 2017, thousands of adult Zygogramma and hundreds of Listronotus were released at several Parthenium-infested
sites around the town of Finote Selam.
By mid-August 2017, the bioagents were thriving and damaging
Parthenium. The Zygogramma kills Parthenium by defoliating its
leaves while Listronotus inflicts damage to the weed from inside by
burrowing its stem. Zygogramma has moved from the release site to
nearby Parthenium-infested fields and started to feed on the weed.
At the new sites, staff observed larvae and newly emerged adults of
Zygogramma, indicating that the bioagent is reproducing and new
generations are in action against the invasive weed. Listronotus also
started to damage nearby parthenium plants once it finished damaging the ones it was released on.
The effect of Zygogramma on Parthenium seen at Finote Selam
(altitude 6000 ft) are similar to what was observed in Wollenchiti
(altitude 4700 ft) after the release of this bioagent in 2016. In
Wollenchiti, Zygogramma fed on Parthenium on the site where it
was released near a railway track and then moved to nearby bean and
teff fields that were infested by the weed. Zygogramma defoliated
Parthenium without feeding on the bean and teff crops, showing it
only attacks the weed and it is safe to other plants. Biological control
of Parthenium using these two bioagents and others have been
successful in reducing the damage caused by this weed in Australia.

					

However, this is just the beginning of the effort to manage
Parthenium using natural enemies in Amhara and other regions of
Ethiopia. It will require releasing a large number of adults of the
bioagents at multiple sites in different parts of the country over
several years. This biocontrol program will require patience and
effort over several years to be successful, but the potential for 		
sustained control of Parthenium in Ethiopia is very promising.
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Model Farmer:
Amelework Gudeta

I

n the rural farmlands surrounding
Wollenchiti, Ethiopia, a few hours
southeast of the country’s capital
Addis Ababa, Amelework Gudeta
grows teff, sorghum, wheat, maize,
and shallots. A widow, she is also
suffering the effects of the invasive
weed Parthenium hysterophorus,
which outcompetes her crops and
sours the milk and taints the meat of
her livestock.
“Parthenium reduces the quality of
the crops because the land becomes
infertile and does not produce enough
yield,” Gudeta says.
So when Wondi Mersie, Principal
Investigator of the IPM Innovation
Lab project Biological Control of
the Invasive Weed Parthenium
hysterophorus, came to speak to her
and other farmers in the area, Gudeta
paid close attention.
“I was very eager to learn more and
work with the project,” Gudeta says.
“I was open to any new technologies
that could be used to help manage the
Parthenium.”
It is believed that Parthenium, which
is native to the American tropics, was
first introduced to Ethiopia during
food aid drops in the 1970s. Since
the beginning, the weed has been
very difficult to control. Campaigns
were organized in communities like
Gudeta’s to manage the weed in the
fields and on roadsides. Farmers
began using chemical pesticides to
control the Parthenium, but without
much success.
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Gudeta and her family of three sons
and one daughter try to manage
Parthenium by uprooting the weed
before it flowers. They then collect
the uprooted weeds, pile them
together, and burn them. After
removing the weeds, they plow a
couple of times to prevent them from
returning.

But these measures are a lot of work and provide only temporary relief. After seeing an IPM Innovation Lab
demonstration plot in Wollenchiti where the biocontrol agent Zygogramma had been released, Gudeta became
confident that the weed-eating beetle would help control the invasive weed but would not feed on her crops. She
accepted the release of the Zygogramma on her land and became a model farmer for the project.
As a model farmer, Gudeta works actively with Mersie in the Wollenchiti area to support farmer outreach efforts.
Because farmers had seen how other insects damage crops, they were wary of allowing the project to release the
Zygogramma beetles onto their land. So Gudeta went and spoke to her neighbors to explain the benefits she had
seen from releasing Zygogramma in the fields.
“When farmers see the benefits they are convinced,” Gudeta says. “However, most farmers are unaware of the
benefits.”
Thanks to Gudeta’s enthusiasm for the biocontrol program, other local farmers decided to allow the IPM Innovation
Lab to release Zygogramma in their fields as well, greatly increasing the beetles’ effectiveness in controlling
Parthenium.

“When farmers see the
benefits, they are convinced.”
- Amelework Gudeta

Agreement officer’s representative for the IPM Innovation Lab, John E. Bowman and Gudeta (right)
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Project Description:

T

Grains IPM for East Africa

he IPM Innovation Lab Grains IPM for East Africa project, which works on maize in Ethiopia, Kenya and
Tanzania, chickpea in Ethiopia, and rice in Tanzania is implementing technologies to improve their yields.
Damage to these crops in East Africa affects the livelihoods of millions of farmers in the region. These staple
crops are vulnerable due to a variety of pests and diseases. Presently, the invasive fall armyworm, Spodoptera
frugiperda, is posing a grave threat to maize and rice in the region. This project is helping farmers combat this pest.
Most smallholder farmers use regular field sprayings with insecticides in order to control pests and diseases. However, this is not a sustainable approach due to damage to non-target and beneficial arthropods, and the accumulation
of pesticide residues. Several biological, chemical, and cultural control options have been recommended for the
pests of grains in East Africa, but these measures are not effective separately. Therefore, there is a crucial need for
an IPM approach. Researchers also involve local farmers to understand the relative importance of the different diseases, pests, and weeds and discuss any other constraints to production.
Through the development and dissemination of IPM packages, this project will develop and implement proven,
robust, and locally-adapted IPM options to reduce crop losses due to pests, minimize damage and pollution to
natural ecosystems, and reduce contamination of food along chickpea, maize, and rice value chains.
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PUSH
PULL

M

Technology Grows Maize in East Africa

aize is one of the most important crops in East Africa, but it is seriously challenged by many diseases and
pests, such as the stemborer insect and the invasive weed, Striga. The push-pull method, developed by
scientists at the International Centre of Insect Physiology and Ecology (icipe) in Kenya, the same center
that is currently leading the IPM Innovation Lab project is an environmentally friendly and drought resistant technology that helps protect maize by managing the sorghum stemborer, Chilo partellus, and Striga. It also manages
other stemborers and has been shown to help against the fall armyworm, Spodoptera frugiperda.
The push-pull technology is an intercropping system, meaning that it works by growing other plants along with
maize in the same field. These plants have functions that help protect the maize from pests. The push-pull system
works in two ways. The “push” comes from planting species, such as Desmodium, that release chemicals that repel
stemborer moths from the maize. These plants are intercropped among the maize. Desmodium is a low-growing
plant so it does not interfere with the growth of the maize and additionally, it helps contribute to soil stability and
fertility. And beyond repelling the stemborer, it also suppresses the Striga weed.
The “pull” comes from planting a border crop for the maize, such as the grass Brachiaria. This protects the crop as
the stemborer moths are attracted to this grass instead of the maize and do not enter the main crop growing area. In
addition, these grasses are also excellent hosts to the stemborers’ natural enemies.
Currently, the IPM Innovation Lab and icipe project is implementing push-pull in the three program countries.
In the Oromia and Southern Nations, Nationalities, and Peoples’ Region states of Ethiopia, there are more than
200 demonstration farms, three farmer training centers, and two farmer schools all focused on spreading this vital
technology. In Kenya, over 40 farmers are being trained in the Kericho, Nakuru, and Naivasha counties. And in the
Motombo Village in the Morogro Region of Tanzania, the project is already working with 11 farmers.
Adopting the push-pull technology has already had a very positive effect on maize production and productivity,
women’s empowerment, nutrition, and farmer income. For example, in Tanzania alone, crop yield increased by
nearly 25 percent.
By using push-pull technology, along with other IPM practices, the Grains IPM for East Africa project is increasing
crop productivity, yield, soil fertility, and farmer income and empowerment in the three target countries.
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Fall Armyworm

here is a recent invader to the
African continent that is threatening
food security and the livelihoods of
thousands of farmers. The fall armyworm,
Spodoptera frugiperda, is native to the
Americas. It is a voracious insect and feeds
on more than 80 plant species including
maize, rice, and millet and is an economically
important pest of maize in particular.
Depending on the degree of infestation, fall
armyworm can cause up to 100 percent crop
loss in maize.

The pest was first reported in Nigeria in
January of 2016. It is unknown how it found
its way to Africa and whether it happened in
a single introduction or multiple, but it soon
spread. By April of 2016 it had spread to West
and Central Africa and as of October 2017 the
pest has been recorded in nearly 30 countries including
Benin, Cameroon, the Democratic Republic of Congo,
Ethiopia, Ghana, Kenya, Malawi, Mozambique, Niger,
South Africa, Swaziland, Tanzania, Uganda, and Zimbabwe.
At least, around 330,000 hectares of crops, especially maize,
have been damaged in Africa. This heavy loss of maize and
cereal production due to the infestation is likely to impact food
security in all the affected African countries, many of which are
already food insecure. It is estimated that this pest could cause
a three billion dollar loss of maize on the African continent.
It usually feeds on foliage but during heavy infestations, it will also eat
other parts of the plant including kernels. Full-grown worms cause
defoliation, often leaving behind only stalks.
In North America, the pest moves north in the late summer and
early fall, which is when it does most of its damage. It then dies off
in the cold weather. Africa, which is the hottest continent on earth,
does not get cold enough for the fall armyworm to die off each
year, making its reproduction and spread dangerously fast and
efficient.
The IPM Innovation Lab, which works in four of the affected
African countries (Ethiopia, Kenya, Niger, and Tanzania) is
working hard to mitigate the damage caused by this pest, not
only in the four aforementioned countries but across Africa.
11

IPM Innovation Lab director Muni Muniappan attended an international meeting on the fall armyworm in Nairobi,
Kenya in April of 2017. In July of 2017, the IPM Innovation Lab organized and hosted a meeting on the pest with
icipe in Addis Ababa, Ethiopia. The workshop had nearly 100 participants, including researchers from international
agricultural research centers, NGO representatives, and government officials such as Ethiopia’s Minister of
Agriculture.
In September 2017, Muniappan participated in a regional meeting organized by the International Maize and
Wheat Improvement Center (CIMMYT) and USAID in Entebbe, Uganda. He is now helping to craft a continentwide biocontrol plan and working with partners in Niger on field testing potential natural enemies. In addition,
the Innovation Lab prepared a PERSUAP (Pesticide Evaluation Report and Safer Use Action Plan) for the fall
armyworm and conducted an extensive literature review of the pest. The program is also preparing an IPM package
for maize.
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Project Description:

G

Modeling Invasive Species

lobalization, trade, and subsequent human alteration of the global environment have contributed significantly
to increased rate and extent of dispersion of invasive species such as Tuta absoluta, the South American
tomato leafminer, and Aproaerema modicella (simplexella), the groundnut leafminer.

There is a necessity to study not only the local interactions of these species with their environments, but also the
global socio-economic interactions. The IPM Innovation Lab project on Invasive Species Modeling’s approach uses
interaction-based modeling methodology, which considers the following types of interactions that influence population
dynamics: host-pathogen environment relations, farmer responses through pest management strategies, and economic
relations between countries/regions. Each interaction is modeled separately, then integrated to study the synergistic
outcomes of various interactions.

The project’s highly multi-disciplinary research team has experts from entomology, insect ecology, invasive species
modeling, geographic information systems and remote-sensing, computer science, social science, agricultural economics, and networks-based modeling and simulations.
This project helps to predict the spread of the South American tomato leafminer in Africa and Asia, and the groundnut
leafminer in Africa. It also provides information on countries at high risk of Tuta absoluta invasion in Africa, Asia,
and Central and North America. This modeling approach will be sufficiently generic to be applicable to any agropest
scenario.

Leaf damage from Tuta absoluta
13

Scientific Modeling Helps Defend
Tomatoes Against Flying Foe

T

omatoes are so abundant that they can be easy to take for granted. But a pest known as the South American
tomato leafminer, Tuta absoluta, has been making this popular ingredient harder to find in countries
throughout the world. The tomato leafminer hasn’t arrived in the United States yet, but it has made it as far
north as Costa Rica. Now, most scientists agree, it’s no longer a question of if this pest will arrive in the United
States, but when.
“People want to know when Tuta will be in the United States,” says IPM Innovation Lab director Muni Muniappan.
“It could be in one year or 10 years, but eventually it will be here.”
Fresh and processed tomatoes generated $2 billion dollars in the United States in 2015 and tomato exports totaled
$335 million, making the United States the seventh largest tomato-producing country in the world. An invasion by
the tomato leafminer could put a serious dent in those numbers.
Muniappan and the IPM Innovation Lab have been working to combat the pest since it reached Senegal in 2013.
From then on, the lab has worked on modeling, forecasting and managing this pest.
“There is no silver bullet for Tuta absoluta,” Muniappan says. “We cannot stop it, but we can slow it down.”
Under these circumstances, the best way to protect countries that have not been infested by this pest is to delay its
arrival and increase awareness about it. Then, if it does arrive, the key is to limit its damage with a quick response.
When the pest does inevitably enter the U.S., quarantine measures will be necessary. To this end, the IPM
Innovation Lab is working with Virginia Tech’s Biocomplexity Institute to model the spread of Tuta absoluta, using
human movement as a variable. Most models use only temperature and weather patterns as predictors of disease and
pest spread, but the model developed through this project will also consider popular trade and travel routes.
“Our model will be an extremely useful tool to develop strategies to combat these pests,” said Abhijin Adiga, a
research faculty member at the Biocomplexity Institute and project lead. “Further, the methodology will not be
limited to studying the tomato leafminer but can be applied to any agricultural invasive species.”
Muniappan and the IPM Innovation Lab are raising awareness in North America and around the world about the
pest. So far, they’ve held 16 international awareness workshops, reaching scientists from 55 countries. At the
International Congress of Entomology in October 2016 in Florida, the Innovation Lab led a symposium, resulting
in the group recommending several measures, such as undertaking a concerted effort to look for natural enemies
in Tuta’s area of origin in South America and providing information on appropriate insecticide rotations for pest
management in the fields.
“With proactive actions,” Muniappan said, “we hope to significantly reduce the economic loss caused by this pest in
the United States and around the world.”
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Preparing for the
Tomato Leafminer Invasion

A

tiny moth no bigger than an eyelash has become a serious threat to the world’s tomato crop since it left its
place of origin, South America. In 2006, Tuta absoluta crossed the Atlantic to Spain, spreading over the
past decade through most of Europe into the Mediterranean and much of Central and South Asia and Africa.
Because it faces no effective natural enemies in new environments, it spreads quickly and causes devastating losses.
Based on knowledge of the pest’s biology, in 2015, the IPM Innovation Lab predicted that the pest would soon
enter Bangladesh and Nepal and then possibly Cambodia. Unfortunately, they were proven right, and in 2016 the
pest was confirmed in Bangladesh and Nepal.
Luckily, the IPM Innovation Lab had already held multiple awareness and management workshops to prepare both
countries for the South American tomato leafminer. The purpose of the ‘awareness’ workshops was to warn all
stakeholders of the impending disaster and to train them on early pest detection and prepare for the invasion.
“They identified it immediately,” says Muni Muniappan, director of the IPM Innovation lab. “Otherwise it might
have been a couple of years before they noticed its presence.”
No silver bullet exists to stop the invasive pest, so early detection is key to preventing devastation. Skilled
preparation can mean the difference between a manageable problem and near total crop loss. To that end, the IPM
Innovation Lab has held 16 of these workshops around the world since 2013, with participants from 55 countries.
In these workshops, participants study the insect profile of Tuta absoluta — its biology, host plants, its geographical
distribution, and its economic impact. They learn about monitoring and control methods and hear about the
detection and management of recent outbreaks. The workshops also outline recommendations to prevent Tuta
absoluta invasions and to check its spread once reported.
In Bangladesh and Nepal, the workshops enabled scientists to prepare for the coming invasion of Tuta absoluta.
And while the pest still has not made it as far as Cambodia, the Innovation Lab has also organized workshops there
to prepare local stakeholders for an inevitable invasion. Sulav Paudel at iDE Nepal (an innovation lab partner),
credited the training for the quick identification.
“Looking at the morphology, damage, and moth catch in the pheromone traps, we were sure that what we were
seeing was Tuta,” Paudel said.

Now that the pest has been confirmed in Bangladesh and Nepal, the IPM Innovation Lab has assembled teams of
national experts who have developed recommended IPM guidelines and approaches for managing this new pest.
The package of practices they have developed are proving effective in minimizing leafminer damage. The IPM
Innovation Lab also developed a PERSUAP (Pesticide Evaluation Report and Safer Use Action Plan) for the
tomato leafminer in Nepal.
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IPM Innovation Lab Beyond its Boundaries

A

lthough the IPM Innovation Lab has projects in only seven countries, its work extends far beyond these
borders. The program holds workshops, meetings, and symposia that draw attendees from every continent
except Antarctica and participates in international conferences on entomology and plant pathology.

In August 2015, the IPM Innovation Lab organized a symposium on the South American tomato leafminer, Tuta
absoluta, at the International Plant Protection Congress, Berlin, Germany and formed a working group of the
International Association for Plant Protection Sciences. Participants from 16 countries attended this symposium.
Another Tuta absoluta symposium was organized at the Fourth International Conference of Eco-friendly Applied
Biological Control of Agricultural Pests and Phytopathogens in Cairo, Egypt in October of that same year. Then
in November, the IPM Innovation Lab organized a symposium on IPM programs in Africa and Asia at the annual
meeting of the Entomological Society of America in Minnesota.
At the International Congress of Entomology in Orlando, Florida in September of 2016, the IPM Innovation Lab
organized two symposia and had an information booth for the over 7000 conference participants. In the symposium
on Integrated Pest Management Components and Packages for Tropical Crops, there were presentations from
Consultative Group for International Agricultural Research (CGIAR) centers, the FAO (Food and Agriculture
Organization), land grant universities, and developing country partner institutions covering IPM components and
packages developed for vegetable, cereal, and fruit crops. In the symposium on Tuta absoluta, there were presentations
from the USDA (U.S. Department of Agriculture), USAID, and representatives from countries in Asia, Africa, and
Europe. It covered biology, spread, monitoring, and management of this insect and drew over 60 attendees.
A symposium on Tuta absoluta and a symposium on Biological Control of Invasive Species were organized at the
International Conference on Biodiversity, Climate Change Assessment and Impacts on Livelihood, Kathmandu,
Nepal in January of 2017. The conference had over 300 attendees from countries around the world, including the
president of Nepal. In November, 2017, the IPM Innovation Lab organized a symposia on IPM Packages for Tropical
Crops at the Entomological Society of America meeting in Denver, Colorado.
By organizing symposia on IPM topics, the program is able to take the IPM technologies developed for tropical
crops far beyond the USAID designated host countries of the IPM Innovation Lab. Even though the IPM Innovation
Lab has been authorized to work in four countries in Asia and three countries in Africa, because of dissemination
of information through these international meetings, congresses, and conferences, the message of IPM is spread
throughout the world.
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PERSUAPs and Packages

I

n the fight against destructive crop pests, the IPM
Innovation Lab has employed two important resources to
share with partners in project countries: PERSUAPs and
IPM Packages.
A PERSUAP (Pesticide Evaluation Report and Safer Use
Action Plan) is a list of pesticides and measures that can be
used to fight a pest in a certain country. This is a vital document
because until a PERSUAP is approved, a project cannot use
USAID funding to implement pesticidal control.
In the current phase of the project, the IPM Innovation Lab
has already created and received approval for two PERSUAPs
for two serious pests: the South American tomato leafminer,
Tuta absoluta, in Nepal, and the Fall Armyworm, Spodoptera
frugiperda, in East Africa.
The South American tomato leafminer is a serious pest of
tomato and, as the name implies, is native to South America.
It is capable of causing total crop loss of tomatoes and
other solanaceous crops. The PERSUAP provides essential
information on the pesticides effective against Tuta absoluta
that are commonly available in Nepal and have low health and
environmental risk levels.
The fall armyworm, Spodoptera frugiperda, is native to the
tropics in North and South America. It was first detected in
Nigeria, Africa in January 2016 and has already spread to
over 30 countries, including the IPM Innovation Lab project
countries of Ethiopia, Kenya, and Tanzania. The pest feeds on
maize along with 80 other plant species, causing food shortages
in countries that are already food insecure. The approved
PERSUAP provides information on available pesticides
effective against fall armyworm in Africa and the conditions for
their safe use.
IPM Packages are also an important aspect of controlling pests
and increasing food production. The packages are holistic suites
that include recommendations for the production of vegetables
and other crops in tropical countries. An IPM package consists
of various technologies to manage the economically important
pest species of different crops from the time of soil preparation
to harvest. Farmers who use IPM components in planting,
production, and harvest see enhanced profitability in their
crops. The IPM Innovation Lab has created packages for
eggplant, onion, pepper, and tomato, and is currently preparing
packages for beans, crucifers, and okra.
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Project Description:

Vegetable Crops and
Mango IPM in Asia

T

his project implements ecologically-based, participatory integrated pest management of insect pests,
pathogens, and weeds. It focuses on beans, cabbage, cauliflower, cucurbits, eggplant, onion, and tomato
in Bangladesh, Cambodia, and Nepal, as well as on mango in Bangladesh.

In Asia, an estimated 30-40% of crops are lost due to pests. This project will change that through the adoption
of IPM components such as biological and environmental monitoring, predictive monitoring, biological
control, insect monitoring and trapping, host plant resistance, genetic engineering, grafting, bio-rational
pesticides, soil amendments, and habitat management.
Building on the work of our previous projects in Asia, this IPM project identifies pests of vegetables and
mango, decides which IPM practices are needed for each crop and country, transfers them in, tests them where
possible, and conducts research to develop new practices where necessary.
It also holds a minimum of one scientific workshop on the latest IPM technologies, such as the beneficial
fungus Trichoderma, in the region each year and one vegetable insect and disease diagnostics workshop in the
region each year, along with awareness workshops on Tuta absoluta, the South American tomato leafminer.
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Nepal’s Agricultural Advocate:
Lalit Prasad Sah

M
yields.

ore than 65% of rural households in Nepal are engaged in agriculture, but livelihoods are typically based
on subsistence production of low-value, rain-fed cereal crops with minimal output traded in markets. Lack
of extension support, limited knowledge of new technologies, and lack of access to inputs contribute to low

Lalit Prasad Sah wants to fix this. He works with iDE Nepal, an NGO based in Denver, Colorado that helps
rural households in Nepal progress from subsistence to commercial farming. As the IPM Innovation Lab project
coordinator, Sah is responsible for implementing and managing the IPM Innovation Lab’s programs in Nepal.
Sah grew up in a farming family in Janakpur Municipality- 2, Dhanusha, part of Nepal’s central develment region.
“Agriculture has always been my heart,” he says. As he got older, he realized that there were many areas within
agricultural development that could be improved in Nepal.
“The traditional system of agriculture in Nepal was organic,” Sah explains. “But practices changed towards
conventional, which is a direct threat to agricultural productivity, environmental quality, and human health.”
In order to become a part of the solution, Sah attended the Himalayan College of Agricultural Sciences in Kathmandu,
where he received a Bachelor’s of Science with honors in Plant Protection. He then received a scholarship to pursue a
Master’s of Science in Applied Entomology from Andong National University in South Korea.
In 2013, he joined the IPM Innovation Lab and has been hard at work on the Vegetable Crops and Mango IPM in
Asia project in Nepal ever since. Some of his favorite parts of working with the IPM Innovation Lab have been the
opportunity to work within communities to develop IPM packages and components for vegetable crops. Through
the IPM Innovation Lab, Sah has worked on field experiments with bitter gourd, cauliflower, cucumber, eggplant,
and tomato. In addition, he was able to work on an associate award given to the IPM Innovation Lab by the USAID
mission to Nepal for technology transfer of IPM packages developed for high value vegetable crops in the Banke and
Surkhet districts.
Sah also played a key role in helping Nepal cope with Tuta absoluta, the South American tomato leafminer that
arrived in Nepal in 2016 and has the potential to devastate the tomato crop. Sah has led the development of safe IPM
packages to control this pest and is working with the government and private sector to extend supply chains and raise
awareness of these IPM solutions.
“There is no alternative to agriculture,” Sah says, “and even small improvements can make a significant contribution
for the food security and livelihoods of Nepalese people.”
Through his work with the IPM Innovation Lab, Sah has also been able to take advantage of professional development
opportunities by attending and presenting at workshops and congresses and participating in useful trainings. In
November of 2017, Sah participated in the Entomological Society of America annual meeting in Denver, Colorado.
He presented research on IPM for vegetable crops in Nepal and made many valuable, international contacts.
“I feel a deep satisfaction inside from my work with the IPM Innovation Lab, due to our positive contribution to
human health and the whole ecosystem,” Sah says.
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Diagnosis and Management of Plant Virus Diseases
Training in Bangladesh, Cambodia, and Nepal

A

s part of its long-term strategy to build scientific capacity of plant pathologists, extension personnel,
and NGO staff in developing countries, the IPM Innovation Lab has held three training workshops on
“Diagnosis and Management of Plant Virus Diseases” in Bangladesh, Cambodia, and Nepal since 2015.
Each workshop was three days and organized in collaboration with local partners.
The first was held in Gazipur, Bangladesh in December of 2015. It was hosted at the Bangladesh Agricultural
Research Institute and had 12 participants, two female and 10 male. The next took place in March of 2016
in Kathmandu, Nepal and was co-organized by the Nepal Agricultural Research Council. The workshop was
attended by 11 early career scientists, six male and five female, and included plant pathologists, horticulturalists,
government officials, and extension agents.
The most recent workshop was held in Phnom Penh, Cambodia in August of 2016 and was jointly organized
with iDE Cambodia. The 16 workshop participants, 10 of whom were female and six of whom were male,
included students and faculty from the Royal University of Agriculture, the University of Battambang, research
and extension personnel from the Plant Protection department at the General Directorate of Agriculture of the
Royal Government of Cambodia, and farm advisors from NGOs.
Amer Fayad, Associate Director of the IPM Innovation lab, and Naidu Rayapati, an Associate Professor of
Plant Pathology at Washington State University, designed and delivered the interactive participatory workshop,
which included field visits, lectures, and lab work. Topics covered basic virus characteristics, epidemiology,
and management. Special lectures and laboratory sessions addressed the various dimensions involved in the
detection of plant viruses and helped build the capacity to use these techniques. A lot of focus was put on plant
virus diseases, especially those of importance to South and Southeast Asia, and the practical aspects of their
management.
One aspect of the workshops that was especially important was the hands-on experience in identifying virus
symptoms in the field, collecting samples for disease identification, and conducting serological techniques for
virus detection.
“The best part of the workshop was practicing with the experiment and visiting the field to use what we learned
in the field and lab,” said one participant in the Cambodia workshop.
“I plan to conduct dissemination training in upcoming months and develop training materials based on the
training today,” said another participant.
These workshops highlight the exemplary partnership between the IPM Innovation Lab and its local partners to
train the next generation of agricultural scientists and extension personnel in the global south.

21

Mango Bagging in Bangladesh

M

ango is one of the most popular and important fruit crops among all fruits grown in Bangladesh. The total
production is about 1,018,112 metric tons and it ranks second in terms of production. The area under
mango cultivation is increasing every year. Most Bangladeshis prefer this fruit due to its delicious taste and
nutritional value. As Bangladesh is geographically situated in tropical and sub-tropical climatic zones, there are many
insect pests and diseases that are responsible for the low yield and poor quality of mango fruits. Among them, the
Oriental fruit fly, Bactrocera dorsalis, is the most serious pest, especially in high rainfall and hilly areas.
Forty to 70 percent of mango fruits are lost due to the fruit fly infestation every year. Farmers use chemical pesticides
indiscriminately, sometimes even using a mixture of two or three insecticides sprayed at a very high concentration
to save their mango crop. Frequent use of insecticides has many adverse effects, including the killing of pollinators,
parasitoids and predators, which results in a resurgence of other pest populations, the development of resistant insect
biotypes, and excessive residues in
marketable fruits.

Considering these problems, the
Vegetable Crops and Mango IPM in
Asia project in collaboration with the
Bangladesh Agricultural Research
Institute (BARI) has developed fruit
bagging technology with double layer
brown color paper bags to get rid of this
devastating pest. These bags offer 100%
protection against fruit fly infestation
by preventing the female fruit flies from
laying eggs in the mangoes. Bagging
produces mangoes that look and taste
good. It also protects the mango from
mechanical injury. The same double
layer brown paper bag can be used for
two seasons if it is kept carefully after
harvest.
This technology is being suggested
for commercial mango production
throughout the country. When mangoes reach an age of 40-55 days i.e. 42-48 days before harvest, each fruit is
covered with a bag and remains covered until the mango is harvested. Prior to bagging, one spray of insecticide
and fungicide is essential to avoid the presence of any insect and disease inoculum inside the bagged mango. No
additional pesticide is needed once the fruits are covered with bags.
This is an eco-friendly technology for safe mango production. Pesticide costs will be reduced if this technology is
disseminated among the farmers and growers. Although this technology is laborious, it is safer and easier to practice
and provides insect and insecticide free mangoes. Bagging increases the shelf-life of mangoes and the sales price of
a bagged mango is almost double than that of a non-bagged one. The bagged mango may be exported and foreign
currency can be earned. Mango farmers are now adopting this new technology for safe and exportable mango
production.
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IPM Innovation Lab Workshop in Cambodia Invokes Power Of

T

richoderma, the fighting fungus, is great at fighting “bad” fungi as well as promoting plant growth. For
developing countries where crop pests and diseases are a major problem, Trichoderma is a vital tool. But not all
farmers, scientists, and policymakers know it exists.

To help spread awareness, the IPM Innovation Lab previously held five Trichoderma workshops in Asia and Africa
during the last phase of the program. In 2016, it added a sixth at the Royal University of Agriculture (RUA) in Phnom
Penh, Cambodia.
The 40 workshop participants at RUA learned how Trichoderma works, how to identify it, how to turn its production
into a business, and how to incorporate its important disease-fighting benefits into their agricultural practices.
“Most farmers everywhere
go for intensive cultivation of
crops,” said S. Nakkeeran, a
plant pathologist from Tamil
Nadu Agricultural University in
India who led the workshop.
But intensive cultivation leads
to indiscriminate application
of pesticides, which end up as
residue on food. “We consume
these pesticides. Trichoderma,
which is a biocontrol agent
found to be present in soil, can
be used for pest management
instead.”
In the field, workshop
participants pulled a maize plant,
an okra plant, and a rice plant
from the roots to gather soil
samples. This step led to their
own culture of Trichoderma in
the lab, enabling them to take samples home after the university-based workshop.
One participant, Kang Savang, an agronomist at the Innovation Lab’s partner, iDE Cambodia, was skeptical about
Trichoderma when he began the workshop, but his doubt was gone by the end of the week.
“Before, I thought that using Trichoderma was a waste of money,” Savang said. What convinced him was hearing the
success stories.
“Trichoderma is not only to help seedlings develop a better root system or to prevent damping off, but it can also be
used as a plant-growth promoter, and it is also a very good biocontrol agent to kill other pests,” he said.
Kean Sophea, a Cambodian scientist and entrepreneur who had attended an IPM Innovation Lab-run workshop in
Nepal in 2014, now owns his own small business producing the fungus. Other participants discussed their plans
to take similar steps to make Trichoderma widely available throughout Cambodia. Recently, thanks in part to IPM
Innovation Lab efforts, Trichoderma produced by Sophea is the first biocontrol agent registered in Cambodia.
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the “fighting fungus”

“Trichoderma is not only to
help seedlings develop a better
root system or to prevent
damping off, but it can also
be used as a plant-growth
promoter, and it is also a very
good biocontrol agent to kill
other pests.”
			- Kang Savang
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Project Description:

IPM for Exportable Fruit Crops in Vietnam

T

his project implements ecologically-based, participatory integrated pest management of insect
pests, pathogens, and weeds. The project targets four major economically important crops
in Vietnam: dragon fruit, longan, lychee, and mango, and develops ecologically-based IPM
strategies and practices to disseminate to local stakeholders. These four crops collectively represent a
major portion of Vietnamese fruit exports to the United States.
Cultural practices such as planting density, canopy management, and forcing flower production
year-round, along with a dearth of IPM knowledge among farmers and exporters, adversely affects
productivity and quality of fruit production in Vietnam. Heavy pest infestations can render fruit
unmarketable, even for domestic markets. Current measures to control these pests rely heavily on
indiscriminate use of pesticides, which increases production costs as well as pollutes the environment,
decreases food safety, and adversely affects human health.
This project creates and disseminates IPM packages for the four fruits with input from local
stakeholders. In order to do this, it will strengthen farmer cooperatives, strengthen implementation
of government policies, engage local stakeholders, and promote the packages through education and
electronic media communication.
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Plastic Sleeves for Dragon Fruit in Vietnam

T

he dragon fruit is one
of Vietnam’s principal
fruit crops, growing on
approximately 36,000 hectares with
140,000 tons of production each
year. It plays an important role in
the country’s economy because
of its high export value compared
to other locally grown fruits. It is
one of the four crops that the IPM
Innovation Lab works on in its
IPM for Exportable Fruit Crops in
Vietnam project due to its economic
importance.
However, this high value crop is
threatened by a number of pests
and diseases, the most serious
being canker (Neoscytalidium
dimidiatum), a fungal disease. The
canker disease was first recorded
in Vietnam in 2009 and by 2013 it
had spread to over 10,000 hectares
causing losses of dragon fruit ranging from 30-70 percent in individual fields. The disease is most severe during the
wet season when infected fruits are not even suitable for sale in the domestic market. Farmers’ attempts to manage this
disease have resulted in high pesticide use and residues, making the fruit unacceptable for sale and export due to the
market restrictions and demands.
The IPM Innovation Lab and its Vietnamese collaborator, the Southern Horticulture Research Institute (SOFRI), began
working on a way to solve this problem. What they developed was a plastic sleeve to manage the canker along with
other pests. Fruit bagging is a relatively common method for controlling pests on a variety of fruit crops. However,
specific farming practices of dragon fruit in Vietnam require specific bags.
The project researchers ran a study to evaluate the effectiveness of different types of fruit bags, looking at both the
issues of fruit quality and cost to the farmers. They found a plastic sleeve made in Vietnam that resolved both the issues
of cost as well as farming methods. The plastic sleeve costs only 300 VND a piece (roughly one U.S. cent) whereas the
next cheapest option costs 800 VND, more than double the price, and others cost up to 5000 VND per bag.
In addition, in order to adhere to the Chinese import standards, a foliar spray must be applied to the fruit five to six
times per growing cycle (which is 52-55 days). Some of the other bags had to be discarded after being opened for the
spraying, raising the price. The plastic sleeves were able to keep their shape, so the farmers could easily spray and
continue using the same sleeve. Furthermore, the plastic sleeve is transparent, allowing farmers to monitor the fruit’s
growth and quality.
Testing showed that canker disease incidence and severity in the IPM test areas using the plastic sleeves were
significantly lower than those that did not use the sleeves. Moreover, the dragon fruits in the plastic sleeves also
showed lower levels of damage caused by green stink bugs and fruit flies. Based on these promising results,
Vietnamese farmers are now using the plastic sleeves as one component in an integrated approach for the management
of dragon fruit diseases and pests.
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Relief for Longan Farmers in Vietnam

L

ongan is a small, sweet, gelatinous stonefruit protected by a thin shell.
One of Vietnam’s most important fruit crops, in 2015, it brought over
$100 million in export earnings. But longan trees have long been
plagued by a syndrome known, aptly, as “witches’ broom.”
The syndrome causes the trees’ leaves to be deformed, looking more like a
claw than a leaf, and causes malformed flowers that do not develop fruits.
Eventually, these affected shoots and flower clusters dry up and die, leaving
remains that look like a witches’ broom. In southern Vietnam, where over
40,000 hectares are used for growing longan, damage due to witches’ broom
currently causes a roughly 50 percent annual economic loss.
For over 25 years, scientists have been trying to identify the cause of this
syndrome. Some thought it was a virus while others believed it to be a
phytoplasma. Without knowing the cause, witches’ broom was very difficult
to control.
In 2017, IPM Innovation Lab project partner SOFRI confirmed the causative
agent to be the eriophyid mite. Another group in Vietnam, the Plant Protection
Research Institute, also came to the same conclusion independently.
The eriophyid mite has saliva that is toxic to the shoots of the longan tree.
They are microscopic and thousands of them can live on one longan tree and
feed on its leaves. When the mites suck the sap of the fully-formed leaves,
they don’t cause any distinct symptom. It is when the mites feed on new
shoots that the witches’ broom syndrome takes effect. When the new leaves
come out, they are malformed and crinkled instead of flat, and brown instead
of green. While they are still alive, they do not have enough chlorophyll to
provide energy to the plant, and eventually the leaves die.
Now that the cause has been confirmed as a mite, the Innovation Lab and
SOFRI are working together on a strategy to control the mite and stop it from
spreading the syndrome on longan.
“Now that we know this syndrome is caused by the eriophyid mite, we can
recommend using miticides in addition to pruning infested twigs,” says Muni
Muniappan. “Once a strategy is fully developed and implemented, we should
see a roughly 50 percent increase in longan production in Vietnam.”
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Project Description:

A

Rice IPM in Cambodia

bout 90% of cultivated land in Cambodia is used for rice production, and rice accounts for around 70% of
the country’s total calorie supply. Cambodian rice production is challenged by many pests including insects,
nematodes, and even rats. To combat this problem, there is wide-spread use of pesticides, however many
pesticides are misused. Most pesticides are imported and labeled in a foreign language incomprehensible to farmers.
It is common for these farmers to mix two to five pesticides, leading to environmental and health damage.
This project develops a rice IPM package validated for Cambodian agricultural conditions. It was co-designed with
Cambodian rice value-chain actors by optimizing existing biotic and abiotic interactions in Cambodian rice fields
to enhance pest regulation and minimize pre-harvest yield loss while protecting the health of rural communities
and their environments. The package will reduce pre-harvest loss due to diseases, pests and weeds and will also
reduce the use of chemical pesticides in rice production by highlighting cultural methods, host-plant resistance, and
biological control tactics.
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Nematode Survey in Cambodia

hen Jon Eisenback, an IPM Innovation Lab collaborator and professor of nematology at Virginia Tech’s
College of Agriculture and Life Sciences, conducted nematode surveys on vegetables and rice in
Cambodia in August 2016, one of the most surprising things he encountered in the vegetable fields was, in
a word, nothing.
“One of the biggest finds from that trip was almost sterile soil,” Eisenback said of the surveys he and postdoctoral
associate Paulo Vieira conducted in vegetable farms near Siem Reap in the north of the country.
They visited farms growing cantaloupes, cucumbers, eggplants, sweet melons, and tomatoes to assess whether any of
them were suffering from nematode invasions, but they found that all the crops were grown under plastic with drip
irrigation. They had been sprayed with so many pesticides that there were very few organisms remaining.
Plant parasitic nematodes are microscopic roundworms that cause significant damage to many crops. In Cambodia, a
country with nearly half of its labor force in agriculture, nematodes can create big problems for food production.
Eisenback and Vieira traveled to Cambodia to survey nematodes for two projects under the IPM Innovation Lab: the
Rice IPM in Cambodia project and the Vegetable Crops and Mango IPM in Asia project.
After surveying the vegetable fields in the north, Eisenback and Viera traveled to the south of the country to conduct
nematode surveys on rice. Given the dearth of scientific literature published on nematodes in Cambodia relating to
rice, Eisenback and Viera weren’t sure what to expect. However, they found that the rice fields they surveyed showed
a significant loss of production caused by the rice root nematode.
“Every root we looked at had lesions,” Eisenback said. The culprit was a parasitic nematode called Hirschmanniella
mucronata. “Rice roots should be creamy white. These were speckled with brown and orange lesions.”
Eisenback expects that these nematodes could cause a 20 to 30 percent crop loss of rice in affected fields.
The next step is field demonstrations; to undertake them, half the fields should be treated with nematicide to measure
the effect. Eisenback also said he hopes to continue the survey to see what other nematodes are there.
“I would suspect that there are other fields with other nematode problems.”
As for the vegetable fields with the nearly sterile soil near Siem Reap, Eisenback offered a recommendation for them
as well: Don’t use so many toxic pesticides. With two IPM Innovation Lab projects up and running in the region, that
should soon become less of a problem.
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Project Description:

T

Vegetable Crops IPM for East Africa

his project builds on previous project activities in the region to develop and implement scale-up technologies
for selected vegetables crops (African eggplant, beans, cabbage, chilies, onion, and tomato) in Ethiopia, Kenya,
and Tanzania, where over two dozen pests and diseases, both native and introduced, threaten food safety and
security. These pests reduce crop productivity and increase costs of production, leading to lower incomes, which
reduce farmers’ access to medical care, education, and food. For some crops, losses of 100% have been recorded as a
result of pests.
One pest that poses a major threat is Tuta absoluta, the South American tomato leafminer. High levels of this nonnative pest compounded by the arbitrary application of synthetic pesticides has caused early resistance development
and loss of potential natural enemies, threatening the region’s tomato crop.
This project builds the capacity of host country institutions to implement effective IPM research and locally-adapted,
gender-appropriate, technology transfer programs that lead to reduced losses attributed to pests. The result is reduced
use of synthetic pesticides, improved productivity, and enhanced outcomes for growers in the region.
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Seedling Workshop in Tanzania

n a normal day, Joseph Mbuji’s business is managing the production, harvest, and delivery of produce from
his diversified Bagamoyo vegetable farm. But recently, he found himself delivering a lecture about his farm
to an international audience at a Seedling Health Workshop at Sokoine University of Agriculture (SUA) in
Morogoro, Tanzania.
The three-day workshop in February 2017 was part of the Vegetable Crops IPM for East Africa. The train-the-trainer
workshop focused on methods for producing healthy seedlings that are free from disease, insects, and nematodes.
Combining theory with hands-on demonstrations, participants learned how to begin the season with healthy seedlings
so that farmers have the best opportunity to produce a healthy crop with less need for expensive and often toxic
pesticides.
SUA’s Department of Crop Science and Horticulture, which organized the workshop, recognized Mbuji as a farmer
with unusual creativity and practical knowledge, and asked him to describe practices he uses on his farm to produce
healthy seedlings as a business.
“To produce seedlings free of disease, insects, and viruses,” he said to the group of 63 farmers. “I had to learn to give
up traditional methods and adopt improved IPM technologies.”
John Cardina, Principal Investigator of the project and Professor of Horticulture and Crop Science in Ohio State’s
College of Food, Agricultural, and Environmental Sciences, sees these workshops as an ideal way for Ohio State
faculty to collaborate with Tanzanian scientists in disseminating IPM technologies to smallholders in East Africa.
“These train-the- trainer workshops are a fantastic way to demonstrate and disseminate appropriate technologies that
will ultimately improve smallholder horticultural production,” Cardina says.
These technologies include the use of sterile media for starting seedlings in plastic cell trays, watering methods that
do not splash water on leaves, and netting or other materials to protect seedlings from insects, vectors, and diseases.
The result is a product – healthy seedlings – that bring Mbuji’s customers back to him again and again.
Mbuji described the importance of starting with the best quality seeds, saying, “If you make all the effort needed to
produce the best seedlings, you don’t waste money on seeds that are not the best.”
He recommended the use of hybrid seeds whenever they are available. More important, he is not complacent– he
believes in constantly learning to improve on what he knows. He mentioned that relations with SUA are especially
important to him. Keeping good records and using them to find ways to improve his operation has also helped him.
Mbuji said he strives to be a role model in his area so that other farmers can learn that a quality process to produce
seedlings gives you a quality product at harvest.
In evaluation of the workshop, many participants agreed that Mbuji’s presentation provided a real life example of
practical ways to put classroom learning and demonstrations into practice.
“Before this, I thought IPM happened only in the field,” said one participant. “Now I know that it begins by using
good seeds, and other simple practices that don’t involve pesticides, to produce healthy seedlings before they go to
the field.”
A consultant from Arusha smiled at this: “If you put a seedling in the field that already has a root disease and insect
eggs, you are just planting your headache for the season. Why would you do that? Good cultural practices, beginning
with seedlings, are where IPM begins.”
The workshop ended with participants devising work plans for extending what they learned at the workshop to over
several thousand growers with whom they work or advise.
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Project Description:

Participatory Biodiversity and Climate
Change Assessment for IPM in Nepal

T

his project assesses biodiversity in several categories linked to agricultural resilience and sustainable pest
management. Using research done by students at Tribhuvan University in Kathmandu and Agriculture and
Forestry University in Chitwan, this project looks at the effect of climate change on the biodiversity of crops,
pests, pollinators, decomposers, and alien invasive species across an altitudinal transect in the Chitwan-Annapurna
landscape of central Nepal. Climate change is an important factor in agricultural yields through its effects on the
distribution of pests and invasive species.
Over 60% of Nepal’s population relies on agriculture as an economic mainstay. Insects, slugs, rodents, and other
pests are responsible for consuming 20-35% of crops. Widely marketed synthetic pesticides are commonly used to
kill pests, but with few farmers trained in proper pesticide application, this indiscriminate pesticide use can cause
illness and sometimes even death. Pesticide use also causes negative ecological impacts: pests become resistant to
the applied chemicals while valuable species, such as insect predators, pollinators, and endangered macrofauna, are
killed.
As a project based on student research, it supports M.S. and Ph.D students in science and technology fields and builds
technical capacity for applied biodiversity research in Nepal through the Scholar Training Program, which includes
collaborative student mentoring, technical workshops, and conferences.
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International Climate Change Conference in Nepal

T

o work on important issues in the face of climate change, the IPM Innovation Lab’s project on biodiversity
and climate change assessment for IPM in Nepal organized the three-day International Conference on
Biodiversity, Climate Change Assessment, and Impacts on Livelihood in Nepal in January 2017.

The conference was inaugurated by Nepal’s president Bidya Devi Bhandari, who discussed the importance of
scientists and government officials working together to address climate change.
“The whole world is concerned about the biodiversity loss and looming threats of climate change,” the president said.
“Despite resource constraints and globalized nature of climate change impact, Nepal has given priority to address
these concerns.”
She added that while Nepal’s contributions to global warming are negligible, due to its reliance on agriculture and
economic vulnerability, it is forced to face far more than its share of climate change impact in the forms of flooding,
deforestation, loss of biodiversity and habitat, and the consequent migration of people.
To address these problems, the conference included symposia on biological control of invasive species, climate
smart agriculture, and integrated pest management. The Innovation Lab led the symposium on biological control of
invasive species. In addition, the IPM Innovation Lab organized a special symposium on the invasive tomato pest
Tuta absoluta, which the program helped identify in Nepal in the spring of 2017.
“This type of leafminer has the potential to devastate entire districts of agriculture,” said Peter Malnak, USAID’s
mission director in Nepal. “If this pest isn’t controlled, it will likely cause significant yield and profit losses for
farmers and ultimately higher selling prices, which means it will impact the vast majority of consumers in Nepal.”
Although Nepal is a small country, it is climatically diverse; traveling fewer than 200 kilometers in Nepal is the
equivalent of going from the tropics to the Arctic. And nearly 70% of Nepalese people work in agriculture, making
them vulnerable to the effects of climate change.

“In a way, our country represents the
world’s biodiversity in miniature as
Nepal is composed of mountains,
valleys, and flatlands,” said Bhandari
in her opening address. “It is in
this context that the conference is
undoubtedly more important for
Nepal.”
Overall, the conference had over 300
participants from Nepal and around
the world. Conference organizer
Pramod Kumar Jha of Tribhuvan
University highlighted the importance
of the conference as a large gathering
of international scientists coming
together to work on important
problems.
“People say that this conference was
one of its kind, not organized by any
other university in Nepal of this scale
and this quality,” Jha said. “This gives
me immense satisfaction.”

President of Nepal Bidya Devi Bhandari inaugurates the Climate Change Conference
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Gender Research in the IPM Innovation Lab

T

he IPM Innovation Lab recognizes that the development of agricultural technologies and management practices
is shaped by gender norms, relations, and attitudes. Men’s and women’s roles in rural livelihood activities,
access to resources, and decision-making power can constrain or facilitate the integration of IPM. Likewise,
agricultural technologies have the potential to impact gender roles and relations within farming households.
With that in mind, every project supported by the IPM Innovation Lab consistently engages with the gendered
dimensions of pest management in order to advance agricultural practices and technologies that provide long-term
social, economic, and environmental benefits to the communities for whom they are designed.
Africa
Examining the Gendered Impacts of the Invasive Weed, Parthenium hysterophorus
Ongoing IPM Innovation Lab research is investigating the gendered economic and health effects linked with the
Parthenium infestation. Results indicate that women are more impacted by the direct and indirect effects of Parthenium
infestation. While controlling Parthenium is a “family affair”, the additional time required to control Parthenium
disproportionately affects women. More time is required to hand-pull the weeds, further limiting women’s available
time to complete their many other responsibilities within the farming household. The establishment of the biological
control agents is expected to ease the burden on smallholder farmers, including a reduction in the need for manual
hand-weeding. However, patriarchal norms and attitudes hamper the ability of women producers to obtain information
about pest management alternatives for controlling Parthenium. Belaynesh Assema, a master’s student from Haramaya
University supported by the IPM Innovation Lab, is investigating gender-based differences in access to information
about IPM. She has identified opportunities for developing a more gender-responsive approach to communicating the
benefits of the biological control agents.
Promoting Push-Pull technology: Gender, Nutrition, and Income Generation
In Ethiopia, Kenya, and Tanzania, the IPM Innovation Lab is collaborating with icipe to scale up the push-pull
technology as part of its Grains IPM for East Africa project. The push-pull system is more than just a solution to pest
management. Desmodium offers smallholder farmers a supply of nutritious and drought-tolerant fodder to support
household dairy production, often resulting in more milk for the family to consume and to sell. Recognizing that
women’s control over income generating opportunities associated with livestock production could be susceptible to
men’s encroachment as a result of push-pull adoption, the IPM Innovation Lab is continuing to explore the implications
of push-pull adoption for household nutrition, women’s empowerment, and intra-household decision-making.
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Asia
Tricho-compost in Bangladesh
In Bangladesh, the Vegetable Crops and Mango IPM in Asia project has been working to disseminate Trichoderma,
a fungus that fights disease and promotes plant growth. The project teaches farmers how to produce Tricho-compost
in their home gardens and apply it to their vegetable crops. Farmers have reported the benefits from using the Trichocompost, including improved crop yields and decreased reliance on chemical fertilizers. Women are actively involved
in this process, and the program provides them with extra income. In addition, women in this program have reported
improvements to their well-being, independence, and self-esteem.
Gender, Decision-making, and Pest Management Alternatives in Nepal
Also as part of the Vegetable Crops and Mango IPM in Asia project, Virginia Tech graduate student Kaitlyn Spangler
traveled to Nepal for two months in the summer of 2017 to conduct qualitative research on the implications of IPM on
gender norms.
The Impacts of Gendered Attitudes and Beliefs in Vietnam
The IPM Innovation Lab’s IPM for Exportable Fruit Crops in Vietnam project has facilitated and conducted research
on barriers to women’s participation in IPM training and outreach activities. In response, the project team developed
an action plan to implement a gender responsive approach that not only acknowledges the gender inequalities, but
takes action to promote women’s ability to access information about IPM practices. The project is developing training
materials that are visual, incorporating depictions of women’s roles and responsibilities in agriculture and pest
management. In addition, the project team has started collaborating with the Vietnam Women’s Union to ensure that
trainings address the priorities of female producers.
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Graduate Researcher: Kaitlyn Spangler

R

esearch is messy,” Kaitlyn Spangler says when summing up her nearly two-month research trip to Nepal in the
summer of 2017.

Spangler traveled to rural, midwestern Nepal from May to July of 2017. There she conducted interviews, focus group
discussions, and participant observation to study the impacts of IPM on gender norms in agricultural communities as
part of her master’s in Geography at Virginia Tech. Her research was funded by the IPM Innovation Lab as part of its
Vegetable Crops and Mango IPM in Asia project.
From her research, Spangler learned that male out-migration, an increasing trend in rural Nepal where young
men (and a small number of women) leave their rural homes to seek jobs in urban areas in Nepal, India, and Arab
countries in the Persian Gulf region, affects how women and men navigate their agricultural workload and continue
to learn about and practice IPM.
“In some cases, such as when men are gone working for two to five years, women are primarily attending trainings
and practicing IPM on their farm plots, and the migrated men have little involvement,” Spangler says. On the other
hand, when men only migrate temporarily during the year, the person who is able to attend these trainings and
practice IPM depends on who is in the household at particular times and how decision-making power is allocated.
“Each household is different,” Spangler says. “These differences affect how IPM is used, if IPM trainings are an
empowering or burdensome endeavor, and how likely household members are to remain engaged in IPM.
Spangler’s research results, which she obtained with the help of her advisor Maria Elisa Christie, will be invaluable
to the IPM Innovation Lab’s Vegetable Crops and Mango IPM in Asia project in helping them address gender
accessibility issues when designing their outreach programs.
Spangler found the people to be the best part of her research work. Because Spangler does not speak much Nepali,
she conducted all of her interviews through a translator.
“Although we couldn’t speak to each other directly, it did not matter. There were times that I felt as comfortable
as I would spending time with my own family,” Spangler says. “I learned so much through the power of human
connection.”
Spangler had a great relationship with her translator, but she still found it challenging to not be able to communicate
with her interviewees directly.
“Qualitative research is tough to conduct without speaking the language of the local people,” she says. “Furthermore,
it was tiring for the farmers we interviewed.”
Spangler also experienced the difficulties of traveling in rural Nepal, which was a humbling experience. Sometimes
she and her translator would have to wait up to two hours for a bus ride that only took 15 minutes. And temperatures
were upward of 950 F every day, something that Spangler, a Pennsylvania native, was unaccustomed to.
Before starting her studies at Virginia Tech as a master’s student in Geography, Spangler pursued a dual degree in
Anthropology and Community, Environment, and Development at Penn State University.
“I was interested in food security, international development, sustainable agriculture, and I wanted to be engaged in
different cultural experiences and ways of life.”
After graduation in May 2018, Spangler hopes to pursue a Ph.D. that helps her translate her international research
experiences to working with U.S. farmers and agricultural practices. “Through these research experiences with the
IPM Innovation Lab, I have realized how much I absolutely love the process of research.”
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Long-Term Training
Human and institutional capacity development is integral to the IPM Innovation Lab’s mission and activities.
Capacity building through long-term training involves funding students and professional researchers from the
United States as well as host countries. The IPM Innovation Lab has made significant impacts in building the
capacity of host country scientists who will have major responsibilities for crop protection in their home countries.
The program offers opportunities to U.S. scientists who are planning for careers in international crop protection
and development work. While addressing a global knowledge base in IPM, the long-term training addresses
specific host country IPM questions, opportunities, and constraints. This will result in a widespread adoption and
impact of ecologically-based IPM technologies, practices, and systems leading to improved food security and
livelihoods of people living in poverty in the developing world.
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Long-Term Training at a glance
•
•
•
•
•

89 students (13 U.S. , 76 host country) and 2 postdocs
13 BS students (9 male, 4 female)
43 MS students (25 male, 18 female)
33 PhD students (22 male, 11 female)
2 postdocs (1 male, 1 female)

At 5 U.S. and 22 host country universities
Long-term training by degree

Students by Gender Distribution

Post-Doc
PhD
MS
BS

Male

Female
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Innovation Lab Collaboration Helps
Ensure Food Security in Niger

wo major pests attack pearl millet, the most important food crop in Niger in West Africa; the headminer and
the stemborer. Several scientists and policymakers believed that only one of them could be controlled with
natural enemies. But IPM Innovation Lab director Muni Muniappan had a hunch. He was determined to find
out whether researchers in Niger could successfully battle both insects.
The IPM Innovation Lab in collaboration with the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), the Institut National de la Recherche Agronomique du Niger (INRAN), and the Institut Sénégalais
de Recherches Agricoles (ISRA) applied for a grant from the Sorghum and Millet Innovation Lab at Kansas State
University, seeking to tackle both pests using nonchemical means. However, the reviewers were skeptical. They were
willing to underwrite his campaign against the pearl millet headminer, but not the pearl millet stemborer.
“Probably if I had been on the review team, I would have been skeptical too,” Muniappan said.
Muniappan and the IPM Innovation Lab sought to use an egg parasitoid, a small wasp that attacks an insect’s eggs, to
combat both the stem borer and the headminer. The wasp, Trichogrammatoidea, had two strikes against it. It had not
been found on the stem borer in the field, and it was known to attack the headminer eggs.

Reviewers authorized the program’s work using the documented natural enemy, a tiny
wasp called Habrobracon hebetor, while demanding proof that the second half of his
proposed campaign had a chance of succeeding. Muniappan and his collaborators set
to work on the headminer using Habrobracon hebetor, a larval parasitoid that lives on
larval headminers and eventually kills them.
The IPM Innovation Lab and its international collaborators from ICRISAT-Niger and
INRAN-Maradi began their work by breeding more of these wasps in the lab. The
wasps are parasitic, meaning they live and reproduce on other organisms, so the team
bred them on the rice meal moth eggs. They then released the wasps into the field to
control the pearl millet headminer.
But Muniappan refused to stop thinking about his Trichogrammatoidea hypothesis.
The team took what steps they could to work on Trichogrammatoidea along with the
larval parasitoid work. Because they couldn’t find Trichogrammatoidea on the stem
borer in the field, they worked in reverse: They multiplied the Trichogrammatoidea
wasps collected from the pearl millet headminer on rice meal moth eggs and then
exposed the eggs of the pearl millet stemborer with the wasp in the lab. Their hunch
proved correct, leading to the first report of an egg parasitoid attacking both millet
pests.
Niger is one of the world’s poorest countries, frequently experiencing drought and
famine, so destructive pests on the country’s most important food crop are a deadly
problem.
“If millet yield isn’t good, the government will shake, everything in the country will
shake, because it means no food,” said Laouali Amadou, an entomology doctoral
student at the University of Maradi in Niger. Amadou works with INRAN-Maradi as a
part of the IPM Innovation Lab project.
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The release of Trichogrammatoidea wasps that kill the eggs of the millet headminer could halve the amount of
headminers attacking pearl millet in Niger. And the additional finding that this wasp will also attack the eggs of the
stemborer ensures that there will be more millet for the people of Niger to eat.
Now, Malick Ba of ICRISAT-Niger and the team in Niger are mass-multiplying both the egg and larval parasitizing
wasps in the lab for release in the pearl millet fields for the 2017 growing season.
“I knew that if correct, my hunch about Trichogrammatoidea would be very beneficial for the millet crop in Niger,
so I was determined to see it through,” Muniappan said. Now, along with using Habrobracon hebetor to kill larval
headminers, scientists in Niger are able to use Trichogrammatoidea to attack the eggs of both the headminer and
stemborer.
The project is now going further to ensure food security in Niger. Recently, the fall armyworm, an invasive
pest from the Americas, has reached Niger and is threatening the country’s millet along with its maize. Recent
experiments have shown that in a lab setting, the Habrobracon hebetor will also parasitize the fall armyworm. Now,
the INRAN team will release the wasp in untreated maize fields to see if the success can be replicated out of the lab.

The pearl millet headminer caterpillar
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Crop Protector: Laouali Amadou

I

n the West African country of Niger, only eight entomologists are employed. That number will grow to nine
when Laouali Amadou earns his Ph.D. Amadou is completing his doctorate in entomology at the Université
de Maradi in southern Niger. He does his work at the Institut National de la Recherche Agronomique du Niger
(INRAN) in Maradi under the supervision of Ibrahim Baoua.
His research, funded by the Feed the Future Innovation Lab for Collaborative Research in Sorghum and Millet
through a project entitled “Biological control of the Millet Head Miner in Niger and Senegal,” is led by Malick Ba
of ICRISAT-Niger in collaboration with the IPM Innovation Lab. In 2016, Amadou spent six months studying with
IPM Innovation Lab director Muni Muniappan at Virginia Tech.
Recently, Amadou was named as the graduate student recipient of the Board for International Food and
Agricultural Development (BIFAD) Award for Scientific Excellence in a Feed the Future Innovation Lab. The
award is presented annually to recognize significant achievements originating from research performed through
the USAID Feed the Future Innovation Labs.
In his research, Amadou works with scientists from Burkina Faso, Mali, Niger, and Senegal on the biological
control of the millet headminer and the millet stemborer. The focus of Amadou’s work is developing rearing
practices for parasitoid wasps that naturally feed on the headminer eggs and larvae and eggs of the stemborer.
In Niger, a food-insecure country, the most important food staple, pearl millet, is facing up to total crop loss if
its pests aren’t controlled. The USAID project on which Amadou works fights the miner using larval parasitoids,
a biocontrol agent that attacks the pest while it is still in its undeveloped feeding stage. The project is also
testing egg parasitoids for biological control and is encouraging a cottage industry in Niger to grow and sell the
parasitoids.
Amadou decided to pursue entomology during his undergraduate studies. He was studying at the Ahmadu Bello
University in Zaria, Nigeria. There was a six-month strike in Zaria during that time, so he returned to Niger and
began an entomology internship at INRAN.
“When you meet with farmers, the concerns that they tell you about the most is ‘I have this damage from this
insect,’” Amadou said. “You would go for another purpose and the farmer would ask you about insects: insect,
insect, insect! So I realized that the insects are playing a big role in terms of yield loss and that’s why I decided to
pursue a career in entomology.”
Amadou is very focused on his work on saving pearl millet in his country. According to Amadou, the pest’s timing
is devastating because it destroys crops on the eve of harvest.
During Amadou’s six months at Virginia Tech, he took classes in the entomology department in the College of
Agricultural and Life Sciences and English classes at the Language and Culture Institute.
As his English improved, he immersed himself in American culture, learned about time management, and took
classes on insect behavior and statistics. He also joined an English conversation group. He is planning to return to
Virginia Tech in 2018 to finish his research under the mentorship of Muniappan.
In Maradi, Amadou has a wife and three children, two sons and a new baby girl.
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Looking Forward

T

he IPM Innovation Lab and its projects have accomplished a great deal over the
last three years, and we are looking forward to another very productive two years
in this current phase. The knowledge generated in this program has moved far
beyond the seven USAID assigned countries where we officially work, reaching every
nook and cranny of the developing world.
Of course, there is still much to be done. Some of the work we are most looking
forward to expanding on includes the further development of regional bio-pesticide and
pheromone businesses in Bangladesh, India, and Nepal; continuing to train farmers on
the use of the beneficial fungus, Trichoderma; promoting the use of botanical pesticides
such as neem; developing management technologies of fall armyworm in Africa, and
building capacity to rear parasitoids and predators, and produce microbial pesticides in
host countries; and continued management, monitoring, and modeling of the invasive
tomato pest, Tuta absoluta, in Asia and around the world.
In the coming years, we will continue developing IPM packages for targeted tropical
crops in Africa and Asia. We will also enhance our collaboration with fellow Innovation
Labs, Consultative Group for International Agricultural Research and the Association
of International Research and Development Centers for Agriculture, centers, along with
international, regional and national organizations, universities, and NGOs, and continue
to organize workshops and symposia to disseminate the findings of the IPM Innovation
Lab beyond the countries where we work.
We will also maintain our efforts in monitoring, modeling, and preparing for invasive
species’ spread and assisting impacted countries in managing these species. And we
will continue our efforts on institutional knowledge development, private and public
partnerships, and enhancing north-south and south-south collaborations.
And while our main focus is the developing world, we will also work on preventing
the introduction of invasive species into the United States through collaborations with
USDA/APHIS, USDA/ARS, and national IPM centers, and by providing management
strategies and developing spread models.
Overall, our efforts are, and continue to be focused on sustainable development and
increased food production, with minimal to no enviromental or health damage, in
order to feed the world’s ever-growing population. As always, we strive to engage the
gendered components of pest management, ensuring that women and men have the
skills and training necessary to realize inclusive pest management solutions, whether as
producers, students, extension agents, or scientists.
We would be remiss not to extend our enormous gratitude to our local, U.S., and
international partners, as well as to our Agreement Officer’s Representative, John E.
Bowman, and to the USAID missions in the countries where we work. We look forward
to our continued close working relationship in the future.
And of course, none of this would be possible without the farmers, whose hard work and
dedication too often goes unmentioned, but it is they who feed the world.
				-IPM Innovation Lab Team
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