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Entomopathogens are bacteria, fungi, protozoans or viruses that can
infect and subsequently cause disease in insects and other
arthropods. They can indirectly impact cropping systems by serving as
naturally suppressors of insect and mite pests. When there are
epizootic outbreaks, entomopathogens are capable of causing rapid
declines in large populations of their arthropod hosts. Many of these
naturally occurring pathogens have been formulated and
commercialized as insecticides. Among entomopathogens, fungi have
garnered the most interest for research and use as biologically based insecticides. In 2006, 129
fungus-based insecticides (mycoinsecticides) were reported to have been developed for
commercial use. Mycoinsecticides are considered environmentally friendly alternatives to synthetic
chemical insecticides; and similar to other pesticides, mycoinsecticides can be administered by
ground or aerial sprays as well as broadcasted or applied as dusts or granules. However,
development, commercialization and use of mycoinsecticides are not always easy. Developers and
users of these products must consider ecological, environmental and economic factors associated
with their use to maximize their effectiveness.

Fungal Entomopathogens
Fungal diseases of insects (insect-pathogenic fungi - IPF) are common and widespread and
contribute to the natural regulation of insect populations. Many insect pathogens (bacterial and
viral pathogens of insects) must be eaten to infect their host but most fungal pathogens infect by
contact and directly penetrate the insect cuticle (skin). Fungal pathogens are capable of forming
spores. Insects can come in direct contact with fungal spores when spores land on the surface of
their bodies or indirectly by touching a fungus-contaminated plant or soil surface. After coming in
contact with the cuticle of a susceptible insect, fungal spores usually enter inside its body within 24
hours. Once inside, they reproduce and often kill the insect. Before death, some infected insects
are liable to behavioral changes mediated by the entomopathogen. Some infected insects crawl to
the top of the plant and face upwards. This increases the opportunity that spores which are
produced within the insect’s body encounter additional insect host after being released into the
environment.
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Beauveria bassiana (Hyphomycetes) is a
fungus that grows naturally in soils
throughout the world. It infects a wide range
of immature and adult insects and is
available commercially as a microbial
insecticide. It causes a disease in insects
known as the white muscadine disease.
When fungal spores come in contact with
the cuticle of insect hosts, they germinate
on the cuticle and invade the insect body,
usually by a combination of physical force
and enzymatic action. There, the fungus
multiplies throughout the insect's body,
producing toxins and draining the insect of
nutrients, eventually killing it. Once the
fungus has killed its host, it grows back out
through softer areas of the cuticle while
covering the insect with white mold. This
mold creates millions of new infective
spores that are released into the
environment. Figures 1 and 2 show a
healthy Colorado potato beetle
(Leptinotarsa decemlineata) and one that
has been infected by the pathogenic
fungus, B. bassiana. Figures 3 and 4 show
a healthy brown marmorated stink bug
(Halyomorpha halys) and one that has
been infected by B. bassiana.

Effect of Chemical Pesticides on
Fungal Entomopathogens
Chemical sprays can have a negative
impact on IPF by killing or inhibiting fungal
spores. Insecticide, fungicide and herbicide
sprays can impact entomopathogenic fungi
found in the soil and within the plant foliage.
For instance, a fungicide used to kill or
inhibit a fungi that is harmful to crops (plant
pathogen), may kill fungi that infect insects.
Among various pesticides, fungicides are
thought to be the most detrimental to
beneficial fungi activity and some studies
have shown that fungicide applications
disrupt the ability of naturally occurring
fungal pathogens to control aphids.
Therefore, caution should be taken before
using pesticides especially fungicides when
there is activity by beneficial pathogenic
fungi in cropping systems. As studies have
shown, if naturally occurring
entomopathogens that help keep arthropod

pests in check are suppressed by
pesticides, this may lead to an outbreak of
the pest’s population. Additionally,
pesticides may impact entomopathogens
indirectly by eliminating insect hosts that
they need for further reproduction and
disease transmission.

Factors Impacting the Use and
Efficacy of Mycoinsecticides
The use of IPF as mycoinsecticides and
part of a pest management program has
received limited interest from producers.
This may be credited partially to the fact
that the ecology of fungi is not well
understood compared to other biological
control agents such as predators,
parasitoids and bacteria based
insecticides. Further, fungi are affected by
a number of environmental factors
including sunlight, rain, temperature,
humidity and leaf surface chemistry all of
which could impact its effectiveness in
managing crop pests. Sunlight is a major
mortality factor of fungal propagules
(spores) and can lower the persistency of
mycoinsecticides. Moreover, excessive
rainfall or irrigation following a
mycoinsecticide application can reduce its
efficacy. Humidity is very crucial for fungal
pathogens and though insects can
become infected at lower humidity, high
humidity is a general requirement for
spore germination. Though ambient
temperature influences the efficacy of
fungal entomopathogens, different fungal
pathogens vary in their temperature
tolerance. Temperature can have a
negative or positive impact on the
germination and growth rate of fungal
entomopathogens and is one of the most
important factors impacting density of
fungi in the soil. For example, high soil
temperature can kill fungal spores.

Insect Behavioral Defense Against
Pathogenic Fungi
Insects don’t have the privilege of visiting
an insect clinic when they catch a fungal
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pathogen, and are predominantly
dependent upon cuticular, humoral bodily
fluids and cellular defenses to resist
aggression by fungal pathogens. The
cuticle is the primary and possibly the most
important barrier to fungal infection.
Fungistatic fatty acids, enzymes and
melanin can help stop fungal penetration
through the insect cuticle. However, if the
pathogen is able to breach the cuticle, it still
has to contend with the host’s immune
system. Further, insects may change their
behavior in response to a fungal infection.
For example, some insects when infected
by a pathogen, elevate their body
temperature several degrees above
ambient by directly or indirectly absorbing
heat from the sun (e.g. basking) or from the
plant in an attempt to fight off the pathogen.
Basking behavior has been shown to
reduce disease severity. Some refer to this
as “behavioral fever” which may be defined
as the elevation of body temperatures
higher than normal levels using behavioral
means.

How Can Entomophathogenic Fungi
Activity be enhanced
If entomopathogens are naturally occurring
in agroecosystems, slight changes in crop
husbandry practices could enhance their
survival and activity density. There are
several ways that cropping habitats may be
manipulated to enhance the survival and
activity density of naturally occurring fungal
pathogens. High relative humidity is one of
the most vital requirements for fungal
activity. Generally, ambient humidity of
greater than 90% is required for their
germination, sporulation and infection. As
such, activities that can be adopted to raise
the humidity within a cropping system may
be used to enhance fungal activity.
Increasing relative humidity through
irrigation is a simple method that can be
used in many cropping systems. However,
operating the irrigation system for the sole
purpose of enhancing fungal activity may
prove too costly for low value crops and
may make some crops more vulnerable to
plant pathogens. Decreasing the row
Cont. pg. 3
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insecticides. The idea of this approach is to
use chemicals that have no adverse effects
on the entomopathogen ability to control
the targeted pests and are effective in
managing pests that are not impacted by
the entomopathogen. Applications of fungal
agents alone are often insufficient to control
insect pests, so the inclusion of certain
Soil plays an important role as a reservoir
biologically compatible chemicals such as
of IPF and several species of pathogenic
fungi have been recorded in cultivated soils imidacloprid in fungal formulations may
enhance fungal effects on insect pests.
worldwide. Land managers cultivation
Thus, a more promising use of
practices impact the occurrence and
abundance of soil borne insect pathogens. entomopathogens is as part of an IPM
Conservation tillage practices such as no-till program.
planting could enhance fungal activity
density by bringing them in closer proximity Another strategy involves using a
combination of an IPF and low insecticide
to their insect host. A reduced tillage
regime was found to enhance levels of the dosage. Some studies have shown that
using this strategy works better in insect
IPF, B. bassiana in the soil. Frequent
pest suppression compared to using either
ploughing, reseeding and fertilizing may
prevent the build-up of high populations on tactic alone. The philosophy behind
combining low insecticide dosage with IPF
fungal pathogens by disrupting infection
is that the low-dose insecticide application
foci, exposing pathogens to adverse
weakens insects which subsequently make
environmental conditions on the soil
surface or burying them away from potential them more vulnerable to fungal infection.
insect hosts. If fungal structures are buried Further, this strategy may allow fungal
pathogens to establish themselves within
deep within the soil during a tillage
operation, this could position them beyond targeted host populations under adverse
the range of any insect hosts. However, not environmental conditions. Another
all tillage is bad as any tillage operation that approach is to use predatory and parasitic
moves fungal structures closer to a host or insects that will complement fungal
pathogens in regulating insect pest
within new host populations may enhance
populations. It has been suggested that the
their activity. Fertilizer amendments may
impact a pathogenic fungi persistence and concurrent use of predators, parasitoids
efficacy. In laboratory studies, researchers and mycoinsecticides can have an additive
effect on insect pests under greenhouse
found that composted cow manure
conditions. Research on integrated control
enhanced the persistence of the IPF, B.
bassiana, whereas urea effect was neutral. programs that combines entomopathogens
with other control strategies may lead to
Organically managed soils might be more
future pest management programs that
suitable habitats for IPF. Some research
minimize the negative side effects of
has shown a greater likelihood of finding
IPF in arable fields of organically compared chemical use on ecosystem health and
prove to be more sustainable.
with conventionally managed soil.
spacing of a crop or interplanting it with
additional plant species may help protect
fungi from UV degradation and
concomitantly raise relative humidity within
the cropping habitat by increasing canopy
cover.

Integrated Control Programs

Finishing Remarks

Research has shown some promising
results when entomopathogens are
integrated with other pest management
tactics. One such approach is to combine
entomopathogens with chemical

Despite the large number of available
products, mycoinsecticides are not widely
known or used in the US. Compared to
chemical pesticides, mycoinsecticides lack
consistent rapid efficacy in dealing with
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insect pest problems and
require greater intricacy
in use. This does not fit
the familiar chemical
paradigm of farmers who
expect simple
instructions and rapid
extreme efficacy for any product used for
managing insect pests. Still there are
opportunities to use IFP as both naturally
occurring and commercialized
mycoinsecticides. Entomopathogens can
be very selective and in some systems, and
can work as well or better than synthetic
chemicals. Further, IPF are naturally
occurring and self-reproducing organisms.
Most IPFs specifically infect insects and
other arthropods which means they are less
likely to harm the environment or impact
beneficial organisms.
Despite these positive attributes, there are
some potential challenges to using fungal
entomopathogens such as finding the best
fungus in relation to production, application
and infection, as well as identifying the
most facilitating abiotic conditions of
moisture, light, and temperature to insure
efficacy. Further, farm husbandry practices
influence the occurrence and abundance of
IPF and there are no recipes or instructions
on production practices that should be
followed to enhance their effectiveness
according to pest, cropping system and
other farming parameters. There is also the
issue of the time frame of effectiveness;
whereas a chemical will immediately kill
insects, these biological methods require
time to infect, reproduce, spread, and infect
again. The colonization, multiplication and
activity of IPF in various cropping systems
are incompletely understood. However,
much of this research area is new and
evolving, and there are many more species
of fungus to explore. Still we hope that this
article will bring greater attention to an often
overlooked and underestimated naturally
occurring pest management tool, and that
possible entomopathogens will eventually
be used as part of sustainable pest
management programs.
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Figure 1. Healthy Colorado potato beetle (CPB)

Figure 2. CPB infected by fungal pathogen

Figure 3. Healthy BMSB (Credit: Rutgers.edu)

Figure 4. BMSB infected with fungal pathogen
(Credit: UMD.edu)
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Crop Reports
Central
Regular rains have been falling across the
region this reporting period, some heavy
with hail reported in some parts. Minor
damage was seen in peaches and in
some vegetables. Temperatures have
remained cooler than normal, and soil
moistures were beginning to dry but rains
the second week of August have helped.
Corn silage harvest has begun. Pastures
are generally better than average for this
time of year with well-managed pastures in
excellent condition. No problems with
disease or insects on corn or soybeans at
this time.
Eastern
Overall field crops look good with a few
comments it would be nice to have some
warmer temperatures. Corn is mostly in
the milk stage with some in the dough and
moisture has been sufficient to expect a
good solid yield. Full season soybeans
are blooming; double crop beans are in
various stages of early growth with some
very small late wheat beans. Barley and
wheat harvests are in the bin with a few
good production results but overall mostly
an average at best year for both quality
and yield. The weather has been favorable
for pastures.
Southern
Rains have been isolated throughout the
region. Some areas have sufficient

moisture while others are very dry. The
early corn crop is expected to yield only in
the fair to moderate range. Later corn
which received more rain and cooler
temperatures during pollination is
expected to yield very well. Corn harvest
of early fields are expected to begin soon.
Soybean condition looks very good with
very few pest concerns. There have been
some spider mite outbreaks in the area.
Soybean Vein Necrosis Virus (SVNV) can
be seen in most soybean fields, with some
areas having notable leave injury. Thrips
populations have been high throughout
the summer, which is most likely why
SVNV is so prevalent. Tobacco harvest is
in full swing now, with most of the crop in
very good condition. Black shank has
been prevalent this year.

here and there, I would advise pulling
them out immediately. There have been
great opportunities to make good hay in
between rain showers, which seems to be
in good supply. With recent rains, soil
moisture is good in most areas of the
region. Insect pressure is low in all current
crops in most areas.

Upper Eastern Shore
Corn is milk to dent stage throughout the
region. Silage harvest is beginning, but
grain harvest is still a couple weeks away.
Soybeans are very tall and look good but
some are starting to lodge. This is a little
bit troubling as in the past, lodged
soybeans don't seem to yield as well.
There is a little bit of sudden death
syndrome showing up even in dryland
beans. Palmer amaranth is showing up in
more fields than most thought possible
this year. The long thin seed heads have
started sticking up above the beans in the
past couple weeks. If it is just a few plants

Crop Report Regions: Western (Garrett,
Allegany and Washington), Central (Carroll,
Frederick, Howard, Montgomery),
Northeast (Cecil, Harford, Baltimore),
Southern (Anne Arundel, Prince George's,
Calvert, Charles, St. Mary's), Upper
Eastern Shore (Kent, Queen Anne's,
Talbot, Caroline), Lower Eastern Shore
(Dorchester, Wicomico, Worcester,
Somerset)

Lower Eastern Shore
A 2-4 inch rainfall at the end of July ended
the moderate drought we have seen on
the Lower Shore. It may have come a little
late to maximize corn yields, but overall
the crop is doing well and starting to dent.
Double crop beans are beginning to flower
and most damage is due to deer pressure.
Watermelon and potato harvest is in full
swing.

Agriculture Weather Report
Scott A. Minnick, Meteorologist - National Weather Service
Generally near to slightly below normal
temperatures and below normal
precipitation highlighted July across
Maryland. A frontal boundary stalled along
the coast to begin August, bringing very

beneficial rainfall to the region. Slightly
below normal temperatures and near to
slightly above normal precipitation are
expected through the first half of August as
a series of cold fronts impact the Mid-

Atlantic Region. While the Climate
Prediction Center predicts equal chances
for below, near, or above normal
temperatures and precipitation in August,
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there is some added value based on the
latest trends this summer. July may have
finished with below normal rainfall, but
much of Maryland has been slightly above
normal precipitation this summer. The
exception is the Maryland Eastern Shore

which is still running a deficit due to a very
dry June. The good news is that Salisbury
received over three inches in the first three
days of the month. Expect the trends of
near normal temperatures and precipitation
to continue. Normal August rainfall for

Figure 1 CPC August 2014 Temperature Outlook

Figure 2 CPC August 2014 Precipitation Outlook
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Salisbury is 4.43 inches and 3.29 inches for
Baltimore. August is also when we typically
see hurricane activity in the Atlantic
increase, but the outlook is still for near to
below normal hurricane activity.
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Announcements

Expanded Facility Supports
Larger Audience at Mid-Atlantic
Crop Management School
November 18-20, Ocean City, MD.

Crop Management, Pest Management,
Nutrient Management, and Soil and Water
Management. This year, a remodeled
conference center at the Princess Royale
will provide larger rooms for the concurrent
educational sessions offered at this school.
The expanded facility allows the planning
committee to accept a higher number of
students than could be supported in
previous years.

The annual Mid-Atlantic Crop Management
School will be held November 18-20 at the
Princess Royale Hotel in Ocean City, MD.
This highly acclaimed event has for many
years been the “one-stop” location for
Certified Crop Advisors to obtain Continuing Over the three days of the school, there will
Education Units (CEUs) in the categories of be 45 different topics presented in the four

subject areas previously mentioned in
addition to an open fifth category. We
encourage farmers and farm managers,
agronomists, crop consultants, farm
service providers, soil conservationists,
state department of agriculture personnel,
and extension educators located in the Mid
-Atlantic to register and attend this school.
Please watch for information about this
year’s program by visiting http://
psla.umd.edu/extension/md-crops. A
registration link will be found at this site
shortly after Labor Day (September 2).

Upcoming Events
www.extension.umd.edu/annies-project or
call 410-758-0166. If you require special
assistance to attend the classes please
contact the site at least two weeks prior.

Classes to prepare your farm for Future
Generations
The University of Maryland and Delaware
Cooperative Extension will conduct Annie’s
Project for farm women; Managing for
Today and Tomorrow, during the fall of
2014, at Chesapeake College in Wye Mills,
MD. Managing for Today and Tomorrow
will focus on the decisions made during
succession, business, estate and
retirement planning and will be combined
to form a plan for the future.
The course is open to all and will be three
sessions starting on Thursday, September
4, 2014 9:00 am – 2:00 pm. The cost of the
entire course including meals and
materials is $60. For more information and
to register, visit the website

How to access Agronomy News on the
web

Due to the recent security breach at
University of Maryland, College of
Agriculture & Natural Resources has made
Maryland Delaware Crop Insurance
a decision to retire mdcrops website.
Workshop on September 9th
Contents of the website has been moved to
a new location on the web. Agronomy
The 2014 Maryland and Delaware Crop
Insurance Industry Workshop will be held at News also moved to the new location along
with the old mdcrops website. There are 2
Doubletree Hotel, Annapolis, MD on
options to access the new web location.
September 9, 2014 from 8.30 am to 3.15
pm. This year's workshop speakers include
Dr. Joe Glauber, Chief Economist - USDA; Option 1.
Juan Garcia, Administrator - Farm Service Visit www.psla.umd.edu
Click the Extension dropdown menu
Agency-USDA; Stephen Frerichs,
Click mdcrops
American Society of Farm Managers and
Click Agronomy News menu on your left
Rural Appraisers; Pat McMillan, Maryland
hand side
Department of Agriculture; and Gene
Gantz, USDA-RMA.
Option 2.
Visit www.extension.umd.edu
To register for this event please go to
Click the News & Events dropdown menu
https://
Click newsletters
cropinsuranceworkshop.eventbrite.com
Click Agronomy news
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Did You Know
Corn is an ingredient in over 3,500 grocery items.

SIGN-UP TO RECEIVE “AGRONOMY NEWS”
If you would like to receive this newsletter via email please contact Rhonda Barnhart at rbarnhar@umd.edu. The subject line should
be: Subscribe Agronomy News 2014.
If you would like a hard copy please contact your local county extension office to sign-up for the mailing list. The list of local county
offices can be found at www.extension.umd.edu.
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