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Recommended resources
Websites

USA Hops www.usahops.org

Michigan State University www.hops.msu.edu
North Carolina State University
http://ncherb.org

North Dakota State University https:/www.
ag.ndsu.edu/plantsciences/research

high-value-crops

Ohio State University https://southcenters.
osu.edu/horticulture/other-specialties/hops

Ontario Ministry of Agriculture, Food and
Rural Affairs http:/www.omafra.gov.on.ca/
english/crops/hort/hops.html

Purdue University https:/ag.purdue.edu/hla/
Extension/Pages/Hops.aspx

University of Kentucky http:/www.uky.edu/
ccd/production/crop-resources/other/hops

University of Vermont www.uvm.edu/exten-
sion/cropsoil/hops

Virginia Tech http:/www.ext.vt.edu/agricul-
ture/commercial-horticulture/hops.html

Publications

Field Guide for Integrated Pest Management
in Hops (free download at www.usahops.org)




Hop pest scouting calendar

Diseases

Dormancy

Sprouting

Leaf ex-

pansion

Bine elon-

gation &
sidearm

formation

Flowering

Cone de-
velopment

Cone
maturity

Senes-
cence

Downy mildew

+

+

+

+

+

+

Fusarium canker

+

+

+

+

+

+

Fusarium cone tip blight

+

+

Alternaria cone disorder

Gray mold

Verticillium wilt

Various viruses

+

+

Powdery mildew

+

+

High risk, monitoring and control usually required

Less risk, monitoring or control may be required

+ Potential pest activity, monitoring should occur




Hop pest scouting calendar

s| ,E & z
2| 88 2 | 5] 8
) 2 8 €T § 2 > 5 =
c = o'%n.2 = (] ]
< = = T 5 -] £ g
1S W Y (o) b IS = Qe (] ]
s = © c &t 3 =B c c
— ” o Q (] =905 09 o o o
nsects a ) = oS8 (e O E o wn
Twospotted spider mite + + + + + + + +
Potato leafhopper + + + + + +
Japanese beetle + + + +
Rose chafer + +
Damson hop aphid + + + + + +
European corn borer + + + + +

High risk, monitoring and control usually required

Less risk, monitoring or control may be required

+ Potential pest activity, monitoring should occur




Growth stages




Growth stages




When it occurs:
Sprouting-senescence.
Where seen: May affect
all plant parts.

Comments. Downy
mildew is the most
prevalent, damaging and
intensively managed pest
of hops in central and o
eastern North America.  Stunted downy
mildew spike emerg-
Symptoms. Symptoms  ing with systemic
include distorted and
stunted spikes and
side-arms with short-
ened distance between
whorls. Aerial tissues
may appear yellowed
and lesions can form on
leaves, and then produce
gray-black, fuzzy spore : :
masses on the underside Angular, necrotic
of leaves. Leaf infections ?ezxiz mildew leat

Erin Lizotte, MSU Extension
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Downy mildew continued

may follow primary
leaf veins or appear
as angular leaf lesions.
Infected bines may fail
to climb the string.

Disease cycle. Pseu-
doperonospora humuli 4 -
overwinters in dormant Gray-brown and fuzzy
buds or crowns and downy mildew colony
may move into the on a hop leaf underside.
basal spikes as shoots

expand in spring. Infected crowns may
produce uninfected shoots as well. The
pathogen produces copious spores on the
underside of infected leaves, which move
to new tissue and cause infection through
the stomata. Buds, growing points, cones
and leaves are all susceptible to infection.
Leaf infections produce a second source
of spores, which can infect all parts of the
plant. Leaf sporulation is limited under dry
conditions. Infections occurring on the
terminal growing point can become sys-
temic and can also produce spores, further
contributing to the spread of infection.
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Downy mildew continued
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Stunted terminal growth with cupped and distorted
leaves failing to climb the string due to systemic infection.

Once the fungus is systemic, it grows down
the plant toward the crown and can per-
sist in the buds and crown for a prolonged
period.

Management. Growers should select
resistant cultivars and healthy planting
material when available. Apply fungicide
treatments on a protectant basis as soon

as bines emerge in spring, regardless of

the presence or absence of visible downy
mildew symptoms. Continue applications
throughout the season on a seven-to-10 day
reapplication interval until harvest. The time
between applications may stretch longer

10



Downy mildew continued

Hop cones
with necrotic
symptoms of
downy
mildew.

when the weather is dry and if hopyards do
not have active infections. Several periods
in the season are particularly critical for
disease control: immediately before and
after training; when lateral branches begin
to develop; bloom and cone development.
Covering young, developing bracts before
cones close up is critical to protecting
against downy mildew cone infections
when conditions for disease are favorable.
Getting adequate coverage on undersides
of bracts where infection occurs becomes
increasingly difficult as cones mature. Use
cultural practices aimed at reducing humid-
ity in the hopyard, such as thoroughly
removing foliage during spring pruning and
stripping basal foliage after training, with
chemical treatments to help manage this

disease.
11

Erin Lizotte, MSU Extension



When it occurs:
Sprouting-senescence.
Where seen: Buds,
shoots, leaves.

Comments. Powdery
mildew is most com-
monly seen on plants
in the greenhouse

and baby plants in the
field. A bigger issue
for producers in the
Pacific Northwest and are a sign of powdery
parts of Canada, it mildew infection.
may cause issues for
growers in eastern
North America, par-
ticularly if it enters a
hopyard on infected
planting material.

On the rare occasions
powdery mildew does
occur in eastern North
America, it can be Infected cones.




Powdery mildew continued

very severe. Infections can develop rapidly,
so frequent scouting is required to catch
the disease. Infections should be managed
aggressively.

Symptoms. Infected bines called “flag
shoots” appear white upon emergence in
spring. Powdery mildew forms white, pow-
dery and round colonies on the upper leaf
surface or on cones. Burr and cone infec-
tion can distort
growth or kill the
plant. Plants can
be infected with
downy mildew
and powdery mil-
dew at the same
time. Infected
cones may also
appear brown
without the white

sporulation. After [ eaves displaying the dark,
drying, infected angular and necrotic lesions
cones appear of downy mildew as well
bleached. as white, circular colonies
formed by powdery mildew.

13



Powdery mildew continued

7

David Gent, USDA Agric. Res. erv.v, Bugwood.org

Browning of cones infected with powdery mildew.

Disease cycle. Podosphaera macularis
overwinters in crown buds, which yield
infected “flag” shoots in spring. It may also
overwinter in a sexually produced struc-
ture, the chasmothecia. Flag shoots or the
chasmothecia then produce spores that
move via wind from infected crowns to
newly emerged leaves where they cause
new infections. These new infections yield
more spores and the leaf and cone infec-
tion cycle continues throughout the grow-

ing season.
14



Powdery mildew continued

Whlte flag shoot infected Wlth powdery mildew.

Management. Manage powdery mildew
through varietal selection, sourcing healthy
planting material, good farm sanitation
practices and protectant fungicide appli-
cation. The Field Guide for Integrated Pest
Management in Hop (www.usahops.org)
contains a table listing the relative suscep-
tibility of many hop varieties. Remove early
spring growth and use season-long fungi-
cide applications in locations with known

infection.
15



When it occurs: Flow-
ering-senescence.
Where seen: Where the
bine meets the crown.

Comments. Fusarium
canker is more preva- _
lent following wet con- - «
%\E:/(Dlg\s/elli IZﬁgI’;}gS%gt Swollen, bulbous base
R . f h i irdled b
worse in bines infected ¢.. P bine girdled by
with hop stunt viroid.

fusarium canker.

Symptoms. The most obvious symptom is
bine wilt or collapse. The affected bine’s
base becomes swollen where it attaches
to the crown, and either completely breaks
free or is very easily detached from the
crown. Severely affected young hops may
die over winter or under wet conditions.
White-pink mold may also be produced on
the lower stem’s outer surface.

Disease cycle. The disease cycle is not

well-understood. The fungus that causes 6

Erin Lizotte, MSU Extension



Fusarium canker continued

the disease is a common
soil inhabitant and may
just be affecting stressed
plants when wounded

at the soil line. High
humidity and moisture
around the crown favor
disease. In the northeast-
ern states, the disease is
most prevalent during the
rainy season, or when irri-
gation is poorly managed.

Management. Remove Bine collapse
diseased plants if practi-  caused at burr stage
cal. Growers may also hill by fusarium canker.
up soil to encourage the

growth of new, healthy

rhizomes and bines. Minimizing injury

to bines is important; consider chemical
pruning instead of mechanical pruning in
spring when applicable. Ensure plants dry
out between irrigation events to avoid long
periods of exposure to very wet soil. No
fungicides are registered for control.

17



When it occurs:
Cone development.
Where seen:
Cones.

Comments. Gener-
ally of minor impor- |
tance in managed

Sarah Pethybridge, Cérnell University

hopyards. Brown, necrotic cone tips
caused by fusarium. Note

Symptoms. Up the absence of visible mold

to 60 percent of or mildew that is present

the cone tip turns  with other cone disorders.
brown.

Disease cycle. Little is known about the
disease cycle. The fusarium species associ-
ated with the blight are common in the soil
and can also be found on healthy cones.
High moisture and rainfall during bloom
and cone development may contribute.

Management. There are no known control
methods, but fungicide applications made
to control mildews will likely suppress it.



When it occurs:
Cone development.
Where seen: Cones.

Comments. Alter-
naria is widespread
in agricultural sys-
tems. While typically |
of minor economic
importance to hop
producers, it can be
a problem on cones p—
with wind damage Browning of hop cones
or other mechan- caused by Alternaria cone
ical injury when disorder.

humid conditions or

extended wetness occurs.

for Ontario 2016-Reproduced with permission
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©Queen’s Pri

Symptoms. Infection may be limited to
bracts and bracteoles or the entire cone
may become reddened. Symptoms begin
as red-brown discoloration on the tips of
bracteoles, making cones appear striped.
Symptoms can also appear on the cone as

19



Alternaria cone disorder continued

a generalized browning. The disease pro-
gresses rapidly and tissue becomes brown,
making it easy to confuse with downy mil-
dew or powdery mildew damage.

Disease cycle. Alternaria alternata is
generally a weak pathogen that invades
plant wounds. The pathogen may survive
between seasons on decaying plant material.
The severity of powdery mildew infections
has a direct association with Alternaria cone
disorder severity.

Management. Minimize disease by reduc-
ing damage to cones from wind abrasion,
insect pests and pathogens. No fungicides
are registered. Products registered for
controlling powdery mildew likely provide
some suppression if applied when cones
are present.

20



When it occurs: Cone
development-maturity.
Where seen: Cones.

Comments. Gray

mold is a minor dis-
ease favored by wet

or humid conditions. It
affects dozens of crops
including hops.

Symptoms. Infected
cones have a brown-
ing on the bracts and
bracteoles, which may
appear striped and
eventually becomes a
browning of the entire

an Insti. Hop Research/ Brewing

Sebastien Radisek, Slo

Gray mold infection
on hop cone tip. Note
fuzzy, gray and fine
mold on the necrotic
tissue.

tip. Symptoms are similar to Alternaria, but
gray mold causes a gray and fuzzy fun-

gal growth. Botrytis infections are often
found in conjunction with injury from other
pathogens, such as downy mildew.

21



Gray mold continued

Sebastien Radisek, S\ovenian Insti. Hop Research/ Brewing

Gray mold infection on hop cone tip.

Disease cycle. The gray mold fungus sur-
vives on organic materials like leaves or in
a dormant resting structure. The pathogen
is active when moisture is available and
temperatures are moderate with an opti-
mal temperature of 68 degrees Fahrenheit.
Infection is favored by wet weather and
injury to cones.

Management. Fungicide applications can
reduce gray mold. Cultural practices that
minimize drying time and improve airflow

can also reduce incidence of gray mold.
22



When it occurs: Flowering-harvest or mois-
ture stress periods.
Where seen: Bine tissue just above crown.

Comments. Verticillium species have a
wide host range. Hop infection severity
is variable. In Europe, it can cause plant
death. In the U.S,, it causes wilt.

David Gent, USDA Agricultural Research Service

57 ’ (%
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Verticillium wilt symptoms include leaves wilting and
upwards cupping as well as bine swelling. When affect-
ed bines are cut open, the vascular tissue is brown.

23



Verticillium wilt continued

Symptoms. Symptoms often appear first
on lower leaves with yellowed and necrotic
tissue between major leaf veins and

leaves curling upward. Bines are swollen
and when cut open, the vascular tissue is
brown. Symptoms generally develop near
the flowering stage or during water stress.

Disease cycle. The pathogen survives in
the soil and moves into hop plants through
the root system, eventually invading the
vascular system of the bine and even
leaves. The fungal growth and resulting
plant toxins disrupt the flow of water and
nutrients, causing wilt. The verticillium wilt
pathogen is spread during soil cultivation,
in infected pruning and chopped post-
harvest plant material, during propagation
and via infested soil. Weeds can also sup-
port verticillium wilt.

Management. Using resistant cultivars and
proper sanitation practices are key to limit-
ing spread. Infested material should not be
composted and returned to the yard.

24



When it occurs:

Present year-
round.
Where seen:
May affect all
plant parts.

Comments. All
carlaviruses are
known to occur
in mixed infec-
tions. Carlavi-
ruses may also
occur in con-
junction with
other viruses,

o
1
«

Speckled, yellow appearance of
hop mosaic virus on hop.

such as apple mosaic or hop stunt viroid.
Infected plants may not have visible symp-

toms.

Symptoms. Hop latent virus and Ameri-
can hop latent virus do not cause obvious
symptoms on commercial varieties. Hop

25

Erin Lizotte, MSU Extension




Carlavirus complex continued

mosaic virus can cause yellow mottling on
sensitive varieties under the right environ-
mental conditions. The carlaviruses can
cause weak bine growth and affected bines
may fail to climb the string. Early potato
leafhopper and mite feeding injury can
appear similar; growers should eliminate
those pests as possibilities before virus
testing.

Disease cycle. Carlaviruses are transmit-
ted through mechanical means including
propagation, root grafting and potentially
mechanical pruning. Carlaviruses can

also be transmitted by aphids. It is not
known whether leafhoppers are capable of
spreading these viruses.

Management. Using virus-free planting
stock is the best method of limiting virus.
Controlling aphids may help reduce spread
within a yard, but will not completely
prevent these insects from transmitting
virus to new plants. Culling visibly infected
plants can also help reduce virus spread.

26



When it occurs: Present year-round.
Where seen: May infect all plant parts.

Comments. One of the most important
viruses of hop, apple mosaic virus reduces
the ability to propagate from cuttings and
reduces hopyard establishment success.

o

e
}.,.:’

Hop leaf exhibiting oak-leaf
patterned symptoms.
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Apple mosaic virus continued

Symptoms. Apple mosaic virus causes
yellow circular patterns to form on leaves.
These rings become necrotic and merge to
form a distinctive oak-leaf pattern. Symp-
toms become most severe as tempera-
tures warm to over 80 F. Infected plants
may appear asymptomatic until the right
environmental conditions are met. Under
severe infection, yield can be reduced by
as much as 50 percent.

Disease cycle. Propagation is the primary
source of apple mosaic virus. Mechanical
transmission from pruning may also spread
the virus. The rate of spread is dependent
on variety, climate and farm management
practices. There are no known insect vectors.

Management. Using virus-free planting
stock is the best method to limit the virus.
Using herbicides instead of mechanical
pruning to control basal growth may help
reduce virus transmission. Culling visibly
infected plants can also help reduce the
spread of virus.

28



When it occurs: Present year-round.
Where seen: May affect all plant parts.

Comments. Hop stunt viroid can reduce
alpha-acid yields by 60-80 percent.

Symptoms. Severity is dependent on vari-
ety and environmental conditions. Symp-
toms may not appear until three years after
infection, causing accidental distribution
through
propagation.
Early-season
bine growth
may be
delayed and
foliage may
appear paler
than healthy

bines. Inter-

node length

is reduced, :

making Leaves exhibiting yellow speckhng
plants appear along leaf veins that is associated
stunted. with hop stunt viroid.

29



Hop stunt viroid continued

Side-arm development may be reduced
with smaller cones and delayed maturation.
Some varieties exhibit yellow speckling
along major leaf veins. Hop stunt viroid can
occur in conjunction with other viruses,
such as apple mosaic virus or the carlavirus
complex.

Disease cycle. Propagation is the primary
source of hop stunt viroid. Mechanical
transmission from pruning and leaf strip-
ping readily spreads the virus. The rate of
spread is dependent on variety, climate
and farm management practices. There are
no known insect vectors. Hop stunt viroid
can remain infectious in dry plant tissue for
up to three months.

Management. Using virus-free planting
stock is the best method of limiting virus.
Using herbicides instead of mechanical
pruning to control basal growth may help
reduce virus transmission. Culling visibly
infected plants and their adjacent neighbors
can also help reduce the spread of virus.

30



When it occurs:
Sprouting-senes-
cence.

Where seen: Leaves
and cones.

Description.
Twospotted spider
mites are small
pests and generally
require a hand lens
to easily view them.  Twospotted spider mite
Females are 0.4-0.6 injury to hop.
millimeter long with

oval bodies and four pairs of legs. Bodies
are slightly hairy and yellow, and most life
stages have two dark spots on the abdo-
men. They can be distinguished from many
predatory mites by their smaller size and
tendency to move much more slowly.
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Important life stages and damage.
Nymphs and adults can feed on leaves and
flowers; however, feeding on the cones is
considered most important. Feeding dam-31



Twospotted spider mite continued

age causes a patchy
discoloration, or bronz-
ing, on affected tissue
that is often accom-
panied by significant
webbing produced by
the mites as they feed. 2 .
Feeding injury can Adult mites, clear

David Cappaert, Buéwood,org

make cones dry and round eggs and a small
brittle, reducing quan-  larva under magnifi-
tity and quality. cation.

Management. Twospotted spider mites
tend to thrive under drought-stressed con-
ditions and can reproduce quickly during
ideal weather. Check on the undersides

of leaves weekly and note webbing, cast
skins and leaf discoloration. Predators can
suppress spider mite populations, and sup-
plemental irrigation and weed control can
further discourage outbreaks. Avoid using
broad spectrum insecticides when possible
to protect predatory mites and beneficial
insects. When pesticide use is warranted,
true miticides are recommended.
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When it occurs: Leaf
expansion-senescence.
Where seen: Leaves.
Important life stages:
Adults and nymphs.

Description. Potato
leafhoppers are a
bright green, wedge-
shaped insect that
are about 0.125 inch
long when mature.
When disturbed, the
winged-adults take
flight. Wingless imma-  Above, mint-green

ture leafhoppers are potato leafhopper adult
commonly found on on a hop leaf. Below,
the underside of leaves bright green and wing-
and move rapidly. less immature nymph
Potato leafhoppers on a leaf underside.

overwinter in the Gulf
States and are carried north during spring
thunderstorms on wind currents.

33

Erin Lizotté, MSU Extension
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Potato leathopper continued

Important life stages
and damage. Immature
and adult potato leaf-
hoppers feed with pierc- |
ing-sucking mouthparts
on hop leaves, causing

a phytotoxic reaction
that causes a distinct
leaf yellowing and death
around the margin.
These symptoms are
commonly referred to as
“hopperburn.” Feeding S
damage from potato Yellowed and necrotic
leafhoppers may reduce leaf margins caused

crop yield and quality. by potato leafthopper
feeding.

Erin Lizotte, MSU Extension

S\

Management. Control potato leafhoppers
using one to two insecticide applications
with the goal of limiting populations and
not complete eradication. There are many
natural enemies of potato leafhoppers that
are beneficial and should be protected
when possible. Avoid using broad spec-
trum pesticides.

34



When it occurs:
Bine elonga-
tion-flowering.
Where seen:
Leaves.

Description.
Rose chafers
are a light tan
beetle with a

darker brown European rose chafers mating
head and long,  and feeding on hop. Note the

orange legs. bright orange legs.
Adults are

substantial in

size, about 12 millimeters long. Rose chafer
larvae are white, C-shaped grubs that live
in the soil.
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Important life stages and damage. Adults
emerge from the ground during late May
or early June and live for three to four
weeks feeding on foliage. Populations may
be larger around areas of turf or grasses.
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European rose chafer continued

Visual observation is the best method for
locating them. Because of their aggre-
gating behavior, they tend to be found in
larger groups and are relatively easy to
spot. Rose chafer populations tend to be
localized within and between hopyards.
They often appear in the same spot over
multiple years.

Management. There are no established
treatment thresholds or data on how much
damage a healthy hop plant can sustain,
but growers should consider that well-es-
tablished and vigorous plants will likely
not require aggressive control. First-year
plantings with limited leaf area may need
to be managed more aggressively. Man-
aging rose chafers can be a frustrating
endeavor as they can reinfest from sur-
rounding areas, which is often misinter-
preted as an insecticide failure. There are
a variety of contact pesticides that can be
used for control. Apply these materials as
spot-treatments to heavily infested areas
of the hopyard to avoid impact on benefi-

cial insects.
36



When it occurs: Side-
arm formation-cone
development.

Where seen: Primarily
flowers, leaves, and
occasionally cones.
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Description. Japanese
beetles are robust
beetles, with adults
measuring up to 1.25  Adult Japanese beetle on
centimeters long with  hop. Note the emerald

a metallic green tho-  green thorax and white
rax and copper-col- tufts of hair along the
ored wing covers. abdomen.

Adults have 12 distinct tufts of white hairs
along the abdomen, the legs and head are
black. Japanese beetle larvae are white,
C-shaped grubs that live in the soil.

Important life stages and damage. Adult
Japanese beetles aggregate, feeding and
mating in large groups after emergence,

37



Japanese beetle continued

Erin Lizotte: MSU Extension

Japanese beetle feeding damage on hop.

often causing severe and localized dam-
age. They feed on the top surface of leaves,
skeletonizing the tissue between the
primary leaf veins. If populations are high,
they can remove all of the green leaf mate-
rial from entire plants. Japanese beetles
may feed on other plant parts, including
developing flowers, burrs and cones. These
beetles begin feeding at the top of plants
and move down, so early damage is often
concentrated on the upper bine near the
wire where it is less noticeable.
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Japanese beetle continued

Management. At this time, there is no
established treatment threshold for Jap-
anese beetles in hops. Growers should
consider that established, unstressed and
robust plants can likely tolerate a sub-
stantial amount of leaf feeding before any
negative effects occur. Those managing
hopyards with small, newly established or
stressed plants should be more aggressive
with management, as plants with limited
leaf area and those already under stress
will be more susceptible to damage.

It is important to carefully observe beetle
behavior in the hopyard; if flowers, burrs or
cones are being damaged, growers should
consider more aggressive management as
vield and quality are directly affected. Man-
aging this pest can be frustrating as they
can reinfest from surrounding areas, which
is often misinterpreted as an insecticide
failure. There are a variety of pesticides
registered for control. Apply these materi-
als as spot-treatments to heavily infested
areas of the hopyard.
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When it occurs: Leaf
expansion-cone matu-
rity.

Where seen: Leaves
and cones.

Description. Damson Note the diagnostic
hop aphids are small “tailpipes” at the end
(1-2 millimeters), pear-  of the aphid abdomen.
shaped and soft-bodied Below, a winged aphid.
insects that may be
winged or wingless.
Wingless aphids are
pale white to green and
are typically found on
the underside of leaves. .
Winged aphids are dark | 2%

green or brown with .

black markings on the head and abdomen.
Aphids have two cornicles or “tailpipes” at
the end of the abdomen.

Important life stages and damage. Imma-
ture and adult aphids remove nutrients
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Damson hop aphid continued

and moisture from
leaves and cones
with their pierc-
ing and sucking
mouthparts. Dam-
aged leaves may
curl and wilt; heavy
infestations can
cause defoliation.
Cone feeding can a1 %A Ve
cause wilt-like é A
symptoms in the - : =
cones and brown- Damage from damson hop
ing. Aphids secrete aphid feeding and the asso-
sugary frass when ciated black sooty mold.
feeding that can support growth of sec-
ondary fungi and bacteria, most notably
sooty mold. Sooty mold reduces photo-
synthesis and can make cones unsaleable.
Aphids can also transmit viruses.

SDAAg Rééeércﬁ Serv, Bugwoo

Management. Excessive nitrogen applica-
tion and large flushes of new growth favor
outbreaks. Apply early-season pesticides
to limit population growth over the season
when present.
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When it occurs: Bine elongation and side-
arm formation.
Where seen: Bine.

Description. Larvae are 2-2.5 centime-
ters long, gray-pink and have a distinct
black head. The abdomen has dark brown
spots on each segment. Adults are small,
tan moths that hold their wings in a delta
shape at rest. Females have light tan wings
while males’ wings are darker tan-to-
brown.
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European corn borer larva inside of hop bine. Note the

brown spots on each body segment.
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European corn borer continued

Important life
stages and
damage. Larvae
initially may feed
on leaves and
then tunnel into
bines, causing
collapse of adja-
cent side-arms
and potentially
entire bines.
They are more
problematic in Wings on the adult male
areas adjacent to are darker compared to the
alternate hosts females.

like corn.

SDA Cooperative Extension

Slide Series, Bugwood.org

Clemson University -

Management. European corn borers are
an occasional hop pest and likely will not
require control. If control is required, hang
yellow sticky traps to catch adults and
scout carefully for leaf-feeding larvae in
the weeks following adult flight. Apply-
ing Bacillus thuringensis (Bt) to externally
feeding larvae works well. Control is impos-
sible once larvae enter the bine.
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When it occurs: Leaf de-
velopment-cone maturity.
Where seen: Leaves and
cones.

Description. Hop looper
larvae are pale green with
two white stripes on each
side of the back and one
white line on each side.
They are approximately 2.5
centimeters long at matu-
rity and have four pairs of
prolegs located on abdom-
inal segments four, five and
six, and on the last seg-
ment. This causes them to
move in a distinct, looping
fashion. When disturbed,
they may drop from bines, often on a silken
thread.

©Queen’s Printer for Ontario 2016-Reproduced with permission

Melanie Filotas, OMAFRA

in hop plants.
Note the four
sets of legs and
striping.

Important life stages and damage. Hop
looper larvae feed on leaves, resulting in

a lacy appearance. They feed on cones 4



Hop looper continued

later in the sea-
son, resulting in

a jagged feeding
pattern at the
tips of bracts and
bracteoles. In

the northeastern
states, hop looper
feeding is gener-
ally not sufficient )

to cause economic Hop looper feeding damage
damage; however, to leaves.

in some circumstances, populations can
build sufficiently high to cause severe leaf
and cone defoliation.

ario 2016-Reproduced with permission

©Queen’s Printer fo

Management. In most years, natural
predators and parasites keep hop looper
populations well-below damaging level.
Consequently, treatment is generally not
required. If populations reach economically
damaging levels, a number of insecticides
are registered for controlling caterpillar
pests in hopyards. Avoid using broad spec-
trum insecticides when possible to protect
predatory mites and beneficial insects.

45



About natural enemies

Natural enemies are beneficial organ-

isms that can enhance pest control, often
suppressing many indirect pests, such as
mites and leafhoppers. Conserve beneficial
insects by being cautious when selecting
pesticides and timing applications, and
restricting use of predator-toxic products,
particularly late in the season.

Predatory mites

Predatory mites
are white, orange
or clear and can be
distinguished from
pest mites by their
movement. When
disturbed, preda-
tors generally move
quicker than pest
mites. A ratio of one
predator to 10 pest
mites is often suf-
ficient for effective
biological control.

The predatory mite
Zetzelliamali is bright yel-
low with orange mark-
ings and has a somewhat
pointed posterior.
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Dozens of spider species are commonly
observed in the hopyard, but perhaps most
prevalent are a group of spiders commonly
referred to as “crab spider.” Crab spiders
rest with their legs oriented as a crab does
and so earned this nickname. Spiders are
generalist predators and will feed on a vari-
ety of insect pests.
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Lacewings

Green lacewing adults (10 to 12 millime-
ters) have net-veined wings and gold-col-
ored eyes. They feed on nectar, pollen and
aphid honeydew.

Erin Lizotte, MSU Extension

Green lacewing adult. Egg on its stalk.

File photo

Lacewing eggs are suspended at the tips
of long, erect stalks.

Lacewing larvae
are alligator-
shaped with long,
piercing mandi-
bles. They are
active predators of
soft-bodied
insects.

David Cappaert, Bugwood.org
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Lacewings continued

Brown lacewing adults are reddish-brown.
They have large, membranous, brown wings
and long antennae with a long, thin body.
They are smaller than the green lacewing.

The brown lacewing lays several hundred
oval eggs per female on the undersides of
leaves; the eggs are not on stalks like green
lacewing eggs.

The larvae appear similar to green lace-
wing larvae. They are gray to brown and
alligatorlike. They have large, sickle-shaped
mandibles.

88 At left, brown lacewing egg, brown

File photo
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Beetles

Several species of lady
beetles are active in hop-
yards. They are generally
oval and red to orange
with varying numbers of
dark spots. Both adults
and larvae are predators,
eating soft-bodied small
insects.
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Larvae have dark, elongated
bodies with orange markings
and well-developed legs.
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David Cappaert, Bugwood.org

File ph.oto

Lady beetle eggs are
yellow and barrel-
shaped and laid in
clusters.
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Beetles continued

Doug Landis, MSU Entomology

The multicolored Asian lady beetle, an
introduced species, feeds on pests during
summer. They may be many colors with
several or no spots and can be distinguished
from other ladybugs by the black M or

W (depending on the viewing direction)
between the head and abdomen (see photo).

Ground beetles eat
insects and weed
seeds. They feed on
insect eggs, larvae
and pupae found
on the ground, or
search in the hop
plant for food.




Syrphid fly adults
resemble bees but
have only one pair
of wings and much
shorter antennae.
They can be seen
hovering in the air
near plants. The lar-
vae are usually light
green, legless mag-
gots, rounded at the
rear and tapering to
a point at the head.
When the maggot is
crawling, the head
moves from side to
side. The larvae are
predators that eat
soft-bodied insects.

Tachinid fly adults
are hairy and bristly.
Their larvae feed on
the larvae of some
pests.

.2 j S L
Syrphid fly larva.

=5

Tachinid adult.

SR P
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Flies continued

Tachinid fly
larvae emerg-
ing from a

| caterpillar.

Robber flies are general predators that
eat aphids, moths, beetles and many other
pests.

David Cappaert, Bugwood.

Robber fly adult.
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True bugs

Damsel bugs have
long bodies that nar-
row slightly toward the
head. They have stout
beaks and large front
legs for grasping prey.

Adult minute pirate
bugs are black with
white markings.

Adult assassin bugs
are medium to large
insects, and their color
ranges from brown to
green. They have long
heads with a groove
between the eyes

and curved beaks.

The nymphs are also
important predators.

Many shield bugs, or stink
bugs, are predatory and can
attack beetles and caterpil-

lars.

Shield bug.

File photo

File photo

File photo

File photo



Most parasitic wasps are tiny, and they
often develop inside their hosts, so detect-
ing them can be difficult. Some recogniz-
able signs of parasitism include unusual host
(pest) behavior, host body darkening and
emergence holes or cocoons on the pest.

Trichogramma wasps are egg parasites

of many insects, including grape berry
moth and leafrollers. Parasitized eggs are
dark black rather than the yellow-cream of
healthy eggs.

Braconids and
ichneumonids are
small black, orange
or yellow wasps
that prey on lar-
vae of grape berry
moth and other
insects. Adults are
less than 10 millime-
ters long, and many
species are found in
hopyards and sur-
rounding woods. Ichneumonid wasp.

David Cappaert, Bugwood.org
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Hop scouting pocket guide index

Diseases

Alternaria cone disorder......ccccoccvevevveveennenne. 19
American hop latent virus .......cccccevveeeennenn. 25
ApPPIE MOSAIC VIrUS ..cocveeeeeieeeeceee e 27
Carlavirus compleX .....cccoceeeeeveveevecceiieecesrene, 25
Downy MildeW......ccoecceieiiiiiecece e 8
Fusarium Canker ......ccccccvveeevevsieisiesee e 16
Fusarium cone tip blight .....ccccooeieiiicicene, 18
Gray mMold.....co o 21
Hop latent Virus .....cccccvcveiicicc e, 25
HOP MOSAIC VIFUS...c.cceecieeieiieire et 25
Hop stunt VIiroid......c.coceeeeeiiicceeeeeeeeceeee e 29
Powdery mildeW .......cocooeviiieiicececee e 12
Verticillium Wilt ..o 23

Insect and mite pests

Damson hop aphid ......cccocceieeiiiiceceeeceeeee, 40
European corn BOrer......ccoveveceeceececieenene 42
European rose chafer ......cccccoeveveceiece e, 35
HOP [0OPREN i 44
Japanese beetle......ocoooiiiiiic 37
Potato leafhopper......cccveeciviicciicececie, 33
Twospotted spider mite .....ccoevvvveeeceiiceeienee. 31



Natural enemies

About natural enemies........ccooeiieiiivieeienn, 46
ASSASSIN DU oo 54
BraCconids .....ccceeveeeciccecececece e 55
Brown [aCeWiNg .....oocoveieeiiiieieeeeeee e 49
Damsel bUG ..o 54
Green laCeWING ....ccccvieiieeiece e 48
Ground beetle ... 51
IChNEUMONIAS ..o 55
Lady beetles.....ccoviiiiciiiec e, 50
Minute pirate bUG.....ccceeiiiecieeeeee e, 54
Multicolored Asian lady beetle...................... 51
ParasitiC WasSp....ccoccveeveeeeieceeeceere e 55
Predatory mite ..o 46
ROBDEN flY o 53
Shield PUG ..o 54
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StINK DU e 54
SYIrPhid flY . 52
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Trichogramma WaspP......cccceeveereeieeeeeeecre e 55
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