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Colorado Potato Pests

Lespig B, DANIELS

OLORADO is one of the important potato-prodncing states of
the West. In the early development of the State’s agriculture
potatoes were one of the first erops found to grow well under Colo-
rado conditions. Soil and climate were favorable to potate culture.
(olorado now ranks second in potato production of 10 western states.
The State’s maximum average production of 195 bushels per
acre was obtained in 1925. The largest crop grown was in 1922 when
the total production for the State reached 18,460,000 bushels.

Throughout the history of potato culture in the State there have
been good and bad years. In 1911 the vield per acre dropped to 35
bushels, the lowest average vield ever recorded for Colorado.

It is significant that variation in yield has been to some degree
related to outbreaks of insects. The three major insect pests of pota-
toes in Colorado, in the order of their importance, are the potato
psyllid, the potato flea heetle, and the Colorado potato beetle. The
tiny, jumping lice called psyllids have appeared periodically in
numbers sufficient to cause the epidemic condition commonly known
as purple top or psyllid yellows. The disease has been responsible
for serious losses in past years.

For about 30 vears in certain sections the quality and salability
of potatoes have been materially affected by the potato flea beetle.
Injury to the tubers by the worms has made potatoes unsightly and
difficult to sell, the damage running well over $200,000 annually.
Fortunately this ingect has not spread over the entire State but has
confined most of its depredations to certain localities.

The potato bug, more properly called the Colorado potato beetle,
has been a serious menace to potato culture in Colorado ever since
the first potato was planted here. The large, striped beetle has re-
ceived attention in many sections of the United States and in Europe,
where it has been carried by the mass movements of man.

Potato Psyllid

History

The insect called tomato psyllid, potato psyllid. or jumping plant
louse (Paratrioza cockerelli Sule.) has been recorded since 1894 as
a pest on tomatoes and more recently as a serious pest on potatoes.

This bulletin is based on Colo. Exp. Sta. Bul. 437, with revisions and additional
information.
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It apparently passed unnoticed on potatoes until 1927, when the pur-
ple top or psyllid yellows condition was observed m Utah (10)* and
on the Western Slope (1) in Colorado. Since 1930 considerable work
on the control and bioclogy of the psyllid has been carried on by the
Colorado Experiment Station.

Epidemic Years

There is little doubt that the serious potato losses in 1911 were
caused largely by psyllids. Yield dropped to the lowest average in
the history of potato production in Colorado. The losses, however,
were attributed to American leaf roll, a virus condition which in its
symptoms resembles psyllid yellows. The season was extremely dry,
with conditions favorable for the development of a psyllid epidemie.
Ninety thousand acres of potatoes were planted; the yield as given
by the Colorado Year Book was 3,150,000 bushels, an average of 35
bushels per acre. The epidemic apparently continued into 1912. The
vield for that year is reported as averaging 95 bushels per acre.

In more recent vears psyllids have caused serious losses. The
past 7 years have been marked by considerable fluctuation in potato
vields, which may be attributed largely to a combination of drought
and psyllid yellows. The two conditions appear to go hand in hand.
Survevs have shown that there is considerable variation in the lo-
calities affected and in the incidence of the epidemic conditions.
There are some sections whieh suffer annually from serious outbreaks
of psyllid yellows. This is especially true of certain mountainous
potato areas of the State.

In the open Plains areas the seriousness of the psyllid condition
depends largely upon the type of season. An early spring with mod-
erately high temperatures and low rainfall is conducive to a psyllid
outbreak. In the Plains section the abundance of suitable host plants
for breeding will always be a factor in building up epidemic popula-
tions of psylhids. The serious epidemic of 1931 may be attributed to
a favorable spring which allowed the perennial host plants, ground-
cherries, to appear early in April.  Psyllids began layving eggas,
and by the time the early potatoes were above ground a generation
or two of psyllids were ready to move into the fields. Symptoms
began to show by the last week 1 May, and it was realized by the
middle of June that Colorado was experiencing one of its worst
psyllid years.

Economics

The monetary importance of psyllids mn terms of value of pota-
toes lost through reduction in yield by the feeding of psyvllids remains
a debatable question. Since drought and psyllid epidemies go hand

*Numbers in parentheses refer to bibliography, page 25
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in hand, it is hard to evaluate the importance of each under nonirri-
gated conditions. However, under irrigated conditions there is little
doubt that psyllid vellows causes heavier losses in potato fields than
does any other known disease. The disease is insidious, appearing
suddenly, and many times before control operations can be gotten
under way the plants are damaged beyond recovery. Such is the case
in a year of serious infestation. In years of mild outbreaks the de-
velopment is not so rapid, and control may be affected without too
serious loss.

In terms of vield, a reduction from 190 bushels per acre to 90
bushels, which are the average vields for 1930 and 1931, respectively.
is significant. Many fields in 1931 were never dug, and the finan-
cial loss to growers in the early sections was considerable. Surveys
made during the 2 yvears showed very definitely that the chief cause
of the trouble was psyllids. Since there was adeguate water for irri-
gation, drought was of minor importance.

Actual value of the crop in 1931, owing to prices as low as 30
and 40 cents a bushel, makes the figures out of proportion, but at
current prices the loss of 7,895,000 bushels, the difference in the
vields of 1930 and 1931, cost the growers of Colorado, $2,763,200.
There was an increase in acreage of 13,000 for the vear 1931, which
makes the loss even more significant.

Biology and Habits

Description of Stages

ApuLT.—The adult psyllids belong to the family of jumping
plant lice (Chermidae Fall). They are called jumping plant lice be-
cause they have hind legs modified for leaping from one plant to
another, and their feeding habits are similar to those of the true
plant lice.

The mature psyllid is about 1,10 inch in length and resembles
the cicada or harvest fly in body form and markings. The generval
color is gray, with white or vellow lines on the head, thorax, and ab-
domen. A white transverse band at the base of the abdomen and a
Y-shaped white mark at the tip are characteristic. The wings are
placed roof-like over the abdomen.

The adults are very active, and they are difficult to find unless
abundaunt. They jump or fly upon the least disturbance.

Baas.—The eggs of the psyllid are very small, a lens often being
required to make them visible. They are vellow and are placed on
moderately short, white stalks or pedicels. The eggs may be most
readily seen by holding the edge of the leaf in strong sunlight and on
a level with the eyes. They may be seen projecting like small pegs.
Freshly laid eggs are bright yellow, and as they advance toward
hatching time thev become orange.
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Figure 1.—Tomato psyllid (Paratrioza cockerelli Sule.) : (1) adult, (2) egg, (3) nymph
or immature form in the fourth stage of growth.

Nywmprus.—The nymphs are the small, scale-like, immature forms
of psyllids. Their bodies are elliptical and very flat. They vary in
color from orange-yellow to green. (olor and size vary with the age
of the nymph. The young, newly hatched individuals are very small
and are orange-colored. As they feed and grow they pass through
five molts, becoming larger, broader, and longer at each moli. In
the late stages their color is a pale green, and they are plainly visible
to the unaided eye. Nymphs in the last stage may be found on the
‘under sides of the lower leaves of the potato plant. The bodies are
held close to the surface of the leaf and are often so firmly attached
that use of a pin is necessary to detach them. The potato grower
should acquaint himself with this stage, since it is for this form that
he must be continually on the wateh in late May and early Jumne.

Life History

The length of the life cycle of the psyllid depends upon general
weather conditions. It is apparent from study of psyllid epidemies
that hot, dry vears favor the development of psyllids. In a favorable
vear there is little doubt that there may be 8 or 10 generations. The
time required to develop from egg to nymph and thence to mature
adult is a little over 3 weeks, the length of time depending upon tem-
perature conditions.
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In eastern Colorado in a favorahle yvear adult psyllids appear
on the available native-host plants by the middle of May, where they
mate and lay their first eggs. The eggs are laid irregularly in small
bunches along the edges or surfaces of the lower leaves. The average
female lays about 300 eggs over a period of several weeks. The eggs
hatch in from 3 to 8 days into the small, orange-colored nymphs.
The young nymphs begin feeding soon after emerging.

The five stages of growth which follow vary in length, depend-
ing upon environmental conditions. The first two stages require
from 4 to 5 days, the third and fourth about 6, and the fifth from
6 to 8 days. The newly emerged adult is at first pale yellow; after
a few hours it turns to tan, and in a few days it has the darker color-
ation of the mature adult. The life cyele may take place in from 15
to 30 days, depending upon weather conditions.

FeepiNG Hasrrs.—The psyliid is most injurious in its immature
form. During the 2 or 3 weeks of feeding and growing the nymphs
are sucking juices from the potato plant and introducing into the
plant a secretion which is apparently toxic. When psyllid nymphs
are abundant (900 to 2,000 on a plant) the effects in a field are very
noticeable, and the results are soon disheartening.

The mouth parts of the psyllid nymph are two-thirds the length
of the body. In strueture these parts are very slender and needlelike,
consisting of four styletlike elements which serve a threefold purpose
in puncturing the delicate leaf cells, forming one tube through which
the sap may be withdrawn, and forming a second through which a
secretion is injected during feeding. The purpose of this injection
is not definitely known. The mouth parts ave firmly attached to the
head and are controlled by long, slender muscles enclosed within the
head capsule.

SyMprroMs.—Recent studies with psyllid epidemies under green-
house conditions have shown that some potato varieties react differ-
ently to psyllid yellows. The Triumph variety has been found to
have the most typical and consistent tvpe of symptoms. Russet Bur-
banks and Rurals produce considerable axillary growth. Swelling
and extra adventitious growth at the nodes i1s common. Peach Blows
and Brown Beauties have shown a definite tendeuney towards re-
tarded growth, the plants remaining for weeks in a stunted condition
with no apparent change. There is usually some nodal swelling.
The leaf symptoms are less typical. The first symptom is an inward
curling of the basal portion of the terminal leaves. The curling leaf
is marked by a change from the normal green color to a yellowish-
green, particularly on the edges. There is also a decided slowing up
of the growth processes. As the disease advances a greater number
of plants are found showing the primary symptoms, the disease con-
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are several species of groundeherry and the spiny buffalo-hur.
Groundcherry, probably the preferred wild host, is represented by
several species, of which a few are perennial. The prairie ground-
cherry (Physalis lanceolate Michx.), long-leaved groundeherry
(Physalis longifolia Nutt.), and purple groundeherry {(Quinculu
lobata Raf.) are the three most common forms. They are found har-
boring large numbers of psyllids annually, and large areas of these
plants are undoubtedly sources for psyllids affecting potato sections.
Since they are perennials and appear early in the spring, they offer
suitable feeding for the first psyllids that emerge from hibernation.
In a favorable season a generation or two may build up on grouud-
cherry plants, and by the time the potato plants are 4 or 5 inches
high large numbers of psyllids begin to migrate from groundcherry
areas into the potato fields.

The buffalo-bur (dndrosere rostrate Rydb.) is an annual and
reaches maturity the latter part of July. As a psyllid host it has not
been considered as important as the perennial members of the family.
However, because of its wide distribution and its abundance in cer-
tain sections it must be considered a factor in psyllid propagation.
The tendency of this plant to grow in the more arid locations and on
heavier soils makes it possible for psyllids to propagate in sections
of this soil type.

The wild tomato (Solaiwm triflorum Nutt.) has been found

harboring psyllids in the San Luis Valley. This prostrate annual ap-
g PS] A 1
parently is not a preferred host plaut. Its tendency to remain close
to the ground does not offer the best conditions for psyllids, although
[=1 I « b =

plants have been found bhearing a considerable number of nymphs
and eggs.

Among the cultivated solanaceous plants, potato and tomato are
the most ecommon hosts; eggplant, pepper, Jerusalem cherry, culti-
vated groundcherry, and matrimony-vine have heen found infested
with psyllids.

Control

The first control work on the psyllid was done by Dr. C. P. Gil-
lette (4) of the Colorado Experiment Station in 1904, when the
lime-sulphur treatment was first tried and recommended for tomatoes.
In 1914 Dr. George M. List (8), also of this Station did further work
with lime-sulphur on tomatoes and recommended the use of 1 gallon
of liquid lime-sulphur to 40 or 45 gallons of water. The outbreak
of serious psyllid trouble in 1929 brought about a project at Greeley
in which this Station cooperated with the Colorado Potato Experiment
Station of the United States Department of Agriculture.
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of eontrolling psyllids with lime-sulphur. In a uniform standard pro-
duct the manufacturer attempts to produce a lime-sulphur which
meets all these requirements. The polysulfide content determines
the amount of vaporized sulphur that will be liberated after the spray
is applied to foliage. Vaporized sulphur is the killing agent, and it
is important that a lime-sulphur spray produce as much as possible
of this lethal factor. The specific gravity test, Baumé hydrometer
test, gives an index to the concentration of the liguid spray material.
The standard which most manufacturers try to meet is a test of 32
degrees Baumé. If the material is known to test lower than 32 de-
grees, a dilution table (9) must be used, since the lower the Baumé
test the more lime-sulphur required to bring it up to the requirements
of the concentration in a solution of 1 gallon of lime-sulphur, 32 de-
grees Baumé, to 40 gallons of water.

In early recommendations for psyllid spraying the presence of 25
percent of diseased plants in a field was considered the critical
stage to which a field might be affected before it was necessary to
spray. Recent work has shown that a field must be sprayed before
symptoms begin to appear ; thus the grower must be continually alert
for appearances of psyllids, or he must take the alternative, which is
to put on the first spray when the plants are from 6 to 8 inches
high. The latter is probably the safer way. It is a well-known fact
that to some extent lime-sulphur repels the adults from spraved
plants, preventing egg laying. Spray applied at the right time wards
off psyllids migrating in from surrounding breeding areas. Thus it
has become a part of good farming practice for the potato grower to
spray annually when plants are from 6 to 8 inches above ground.

A second spray is advisable every year, and in some seasons a
third may be needed. The second application is made from 2 to 3
weeks after the first. The interval depends upon general weather
conditions and upon the thoroughness with which the first spray was
applied and its effectiveness in controlling psyllids. If symptoms
begin to show after the first spraying, it is advisable to follow im-
mediately with a second spraying, since the first has apparently
failed to control.

Favorable weather conditions, such as existed in 1931, may bring
about so great an abundauce of psyllids that before the grower real-
izes it he is faced by a serious condition that may be very difficult to
handle. It is possible that the Colorado Experiment Station will be
in position to forecast psyllid years, aud, if so, this information mav
be obtained through ecounty agents in the various potato areas of the
State.
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Figure 6.—Spray schedule for tomato psyllids and flea beetles. It is important to
time the spray to obtain the maximum protection and to reduce the danger
of losses from mild psyllid infestations,

Summary

1. The years 1911 and 1931 were the worst psyllid vears record-
ed to date in Colorado.

2. Psyllids are most injurious during dry, hot years.

2. The green, scale-like nymphs are the direct cause of psyllid
vellows.

4. In a favorable year there may be from 8 to 10 generations
of psyllids.

5. The number of psyllids on a plant determines the extent to
which it is diseased.

6. Patches of wild native groundcherry are the early season
breeding grounds for psyllids.

7. A power sprayer is necessary for the most satisfactory con-
trol of psyllids.

8. TFor psyllid control a sprayer should develop from 200 to
300 pounds pressure and deliver material at a rate sufficient to thor-
oughly cover the plant.

9. It is important to reach the under sides of the lower leaves.

10. A standard grade of liguid lime-sulphur is most satisfac-
tory.

11. Iaquid lme-sulphur should have a high polysulfide content
and a specific gravity of 32 degrees Baumé, and should be low in
sluadge.
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12. Dry lime-sulphur may be substituted for liquid, but the
grower should he well informed as to its disadvantages.

13. The formula for control of psyllids on potatoes is 1 gallon
of liquid lime-sulphur, or from 4 to 5 pounds of dry lime-sulphur,
to 40 gallons of water.

14. Two applications of lime-sulphur spray are necessary. The
first application should be made when plants are from 6 to 8 inches
high. The second application should he made from 2 to 3 weeks
after the first.

Potato Flea Beetle

History

The potato flea beetle, because it feeds on both the foliage and
the tubers, 1s considered the second most important pest of potatoes
in Colorado. This small, jumping beetle appears in injurious num-
bers mn the potato areas of Weld, Morgan, and El Paso Counties of
the Eastern Slope, in Mesa, Delta, and Montrose Counties of the
Western Slope, and in the potato areas of southern Colorado. Seri-
ous njury to the guality of tubers has made it necessary for the Colo-
rado Experiment Station to study the problem.

The first records of the injurious nature of potato flea beetles
in Colorado were obtained in 1904 by S. A. Johnson (6). Larvae of
the Dbeetles were observed feeding on tubers, and their damage was
estimated. Work with Bordeaux sprays by Johnson (7) in 1910 was
the first attempt to control flea beetles in Colorado. More recent
work of Hoerner and Gillette (5), in 1928, added much to the knowl-
edge of life history and control. The present flea-beetle investi-
gation has been continued to date since 1929 (2). Cooperation with
the Colorado Potato Experiment Station, United States Department
of Agriculture, Greeley. has made possible an intensive study of con-
trol.

Economics

Injury to potatoes from ftlea beetles varies with seasonal condi-
tions. A season of excessive precipitation during July and August
causes an increase in the amount of **worm tracks’” on tubers. Abun-
dant moisture 1s necessary to the welfare of growing flea-beetle lar-
vae. The injury by the larvae in eating through epidermal layers of
tubers under econditions of high moisture allows soil organisms (2)
to enter, materially increasing the damage. Injury from flea beetles
allows seah and other organisms to enter the tubers through the in-
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Jured skin, where they combine to cause serious roughness and dis-
coloration, affecting quality and marketability of potatoes. Because
larval injury and disease go more or less together, the importance
of flea beetles is inereased.

Johnson (6) estimated that flea-beetle larvae cause a financial
loss to growers of Colorado of $250,000 annually. In 1931 it was
estimated that the loss amounted to $436,603 (2). In years of more
serious infestation the damage will run much higher.

Biology and Habits

There are several flea beetles that feed upon potatoes in this
State. The common form is the potato flea beetle (Hpitriz cucumeris
Harris). The striped flea beetle (Systena tacniate Say) occasion-
ally oceurs in large numbers. It is marked by distinet white hori-
zontal stripes on a background of black and is much larger and less
common than the potato flea beetles. The western potato flea beetle
(Epitriz parcule Fab.) occurs in Colorado on the Western Slope.
It is very similar to the Eastern Slope species in size and form. The
two forms are so closely related that to distinguish between them
would require the services of an expert. However, geographiecal dis-
tribution serves to designate the species for the present. All flea
beetles belong to the same family (Chrysomelidae) and are character-
ized by having the hind pair of legs modified for jumping.
Description and Stages

Apurt.—The body of the potato flea beetle is oval and small,
measuring 1/16 inch in length, and is a dense black, with the legs and
antennae of a lighter brown shade. The surface of the body is covered
with a rather dense growth of short hairs.

Ecas.—The eggs are so small that they are difficult to see with
the unaided eye. These small, rather elongated eggs are pearly white
and about 1/20 inch in Jength. Under a lens the surfaces are some-
what marked by pits and lines which give the eggs a characteristic
appearance.

Larva.—The larval forms are rather slender, white, delicate-
bodied worms varying in length with the stage of development. The
newly hatched form is about 1/50 inch in length. When the larvae
reach maturity they are about 1/6 inch in length.

Pura.—The pupa is white and about the size of the adult, being
1/10 inech in length and resembling the adult in form.

Life History

Flea beetles make their appearance from hibernation late in May
and early in June. They begin the early season activities by feeding
on available wild solanaceous plants (uncultivated members of the
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potato family, including several well-known weeds) and various early
garden crops. Mating takes place and egg laying begins and con-
tinues over a period of from 6 to 8 weeks. The females go into the
soil around the base of the plant to a depth of an inch or more to lay
their eggs. The average female lays about 100 eggs. Moisture is the
vital factor in incubation and larval development. Dry soil condi-
tions cause a high mortality in eggs and larvae.

The eggs under favorable conditions hatch within a week into
the larval form. The small, delicate-bodied worm crawls onto the
roots of the host plant and begins to feed. As the larva grows and
becomes stronger it goes into the soil to a depth of 5 or 6 inches,
where it feeds upon the developing tubers. Moisture conditions in
the vicinity of tubers grown uuder irrigation are ideal for larval
growth and development. Feed-
mg takes place over a period of
from 3 to 4 weeks. After matur-
ity 1s reached the larva makes a
small cell in the soil and trans-
forms into the pupa. The pupal
or resting stage lasts a little
over a week, when the adult flea
beetles begin to erawl to the sur-
face. The newly emerged adult
is a light brown color, and as
bright sunlight strikes the hody
the brown changes into the jet
black of the mature form.

) o The time necessary for the
Wigure 7.—Potato flea beetle (Epitriz cu- Y N .
ciemerts Harris) @ (1) adult. magnified 18 tlea beetle to pass through its
fimes; (2) eggs, magnified 30 times; (3) life history from egg to adult
arva, maenifiod 9 times: 2, mag- . . Lo
1.1'131, 1n1g{11110(1 times: (4) pupa, mag varies with conditions in the
nified 1S times. N . .
soil.  The average period is 6
weeks, but it may be extended to 8 or 9 weeks. There is ordinarily
only one brood, but in a favorable vear a second brood may occur.
Years of a second brood are especially serious, since the larvae feed
on the more mature tubers, thus allowing greater numbers of soil
organisms to enter and making the tubers very rough.

Feeping I1asirs.—Both the larval forms of flea beetles have
mandibulate or chewing mouth parts. The adults feed upon the
leaves and foliage, making small, round holes. Frequently the in-
Jury becomes so serious that it affects the growth of the plant. When
this occurs the yield is affected. Ilowever, flea beetles do not often
become this abundant in Colorado.

The larvae are the most destructive. The voung forms begin by
< bl p=} v
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feeding on the delicate parts of the roots. As they continue to grow
they feed on the corky epidermis in a rather serpentine fashion, mak-
g the so-called worm tracks. The more mature larvae have a ten-
deney to go deeper into the potato, often to V4 inch. Pits thus made
are especially bad from the viewpoint of disease because the flea-
beetle larvae inoculate potato tubers with scab and the infection is
carried deep mto the tissue of the tuber.

Control of flea beetles lowers the amount of disease on the tubers
to some extent. Feeding habits determine the type of control re-
quired. It has been necessary to obtain a spray that will kill the
adults as they feed ou the foliage and to ascertain by experimentation
the proper time of application to reduce the number of larvae that
feed during the tuber-forming period.

OvVERWINTERING.—Hibernation of flea beetles has been studied
in Colorado by Hoerner (5). DMore recent experimental work has
demonstrated that the adults go into the soil to overwinter. Consid-
erable evidence has been accumulated to show that the mature larvae
pupating in the fall remain in this condition for some time and pass
into the pupal form during the winter. Adults emerging in the fall
apparently burrow into the soil to a depth of 4 or 5 inches or more.
Experiments with adults have shown that those exposed on the sur-
face in plant debris die during the winter, while those placed at
depths of 6 or 12 inches survive. Because of hibernation in the soil
there is little that can be done toward extermination at this period
other than to burn the potato vines as soon as possible after digging
13 completed.

MigraTioN.—It has been demonstrated by experiments that po-
tato flea beetles migrate. In the early part of the season they are
found feeding on available host plants, such as early potatoes, rad-
ishes, cabbage, and groundcherries. As the late potatoes appear there
is a very definite migration into the fields. Very high populations
oceur on small patches of potatoes and groundcherries at the begin-
ning of the season. A decrease in numbers has been observed as soon
as the late plantings of potatoes are available. Flea beetles in their
movements fly low, from 2 to 4 feet from the ground, having a ten-
dency to follow prevailing winds as much as possible. Their ability
to jump undoubtedly aids them in migration.

Host Prants.—Ilost plants of the potato flea beetle adults are
varied. The heetles are quite general feeders early in the spring.
and as the season advances they become more selective. Early sea-
son feeding seems to favor the cruecifers, such as cabbage, radishes,
and turnips. The flea beetles may become quite serious pests in early
cabbage fields, where frequently they require control. By midseason
they confine their depredations largely to the members of the potato
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family (Solonaceae), cultivated and wild. Among the ecultivated
forms potato, tomato, pepper, eggplant, petunia, and groundcherry
are injured. Native hosts include all the common wild solanums.
The several species of groundcherry (Physalis) and nightshade
(Solanuwm) are fed upon by the adults. Buffalo-bur (dndrocera
rostrate Rydb.), an annual, serves as a host plant wherever it grows.

Host plants of the larvae require further study. The potato, be-
cause of its economic value, has received the greatest attention. There
are other plants which serve as food for the larvae. The groundcher-
ries are known to support a large number of flea-beetle larvae on their
roots. Examination of soil from around buffalo-bur and nightshade
has indicated in various seasons an abundance of flea-beetle larvae.
Weeds such as these serve as breeding plants for flea heetles and
should be eliminated.

Control

In 1910 Johnson (7) used Bordeaux spray as a control for flea
heetles in Weld County, Colo. [Later Hoerner (5) recommended the
use of caleium arsenate spray, 3 pounds to 150 gallons. In 1933
Daniels (2) advised the use of calcium arsenate dust, 1 pound to 8
pounds of hydrated lime, and a zine arsenite spray, 2 pounds to 100
gallons of water. Studies up to the present on control of flea beetle
in Colorado indicate that zinc arsenite spray is the most satisfactory.
The fact that potato growers are having to spray for psyllids makes
it advisable to combine the lime-sulphur spray for psyllids with the
zine arsenite spray for flea beetles. A series-of tests started in 1932
and carried to date has shown that this may be done with excellent
results.

Spraying

Control of flea beetles. like control of psyllids, demands applica-
tion of materials carefully and thoroughly at the proper time. Fol-
iage of plants must receive coverage on both the upper and lower
surfaces. To obtain the desired coverage, it 1is necessary to have
equipment that will develop adequate pressures.

To obtain maximum protection against the feeding of flea-beetle
larvae on tubers, spravs or dusts must be applied very soon after
tuber setting begins. It is necessary to obtain control of the egg-
laying females at the time the tubers begin to form, since it is the
larvae from the eggs laid hy these females that are responsible for
heavy damage late in the season. Tuber-forming and growth periods
must be considered by the grower in order to time sprays properly
for control of flea beetles (fig. 6). Ordinarily, the first application
on late potatoes is made during the first and second weeks in July,
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since this allows about 2 weeks for the spray to reduce the number
of adult flea beetles in the field before tuber setting has reached an
advanced stage.

The time requirved for eggs to hateh and larvae to develop to the
stage where they are a menace is about 3 weeks. The larvae in their
late stages of growth do the heaviest damage. The entire objective
in spraying for flea heetles in Colorado is to reduce the adult flea-
beetle population at midseason, so that as few larvae as possible will
be in the soil during the time the tubers are forming and growing.

The time of the second application of spray depends entirely
upon the efficiency of the first spray and the weather which fol-
lowed the first application. The efficiency of the first spray in kill-
ing and redueing the population is ascertained by the relative abun-
dance of adult flea beetles observed 2 or 3 days after spraying. If
the plants have been thoroughly sprayed, adult flea beetles will be
reduced in numbers. Weather conditions are always factors in spray
programs. Wet weather reduces effectiveness of the spray. Under
dry conditions an arsenite spray will remain active for several weeks.
The second spray is ordinarily applied about 2 or 3 weeks after the
first.

Liguid sprays, because of their general use and the fact that
spray equipment is available, are more acceptable to the grower than
dust controls. The solution recommended for flea-beetle control
consists of 2 pounds of zine arsenite diluted in 50 gallons of water.
Zine arsenite niixes well and forms a satisfactory solution. It should
be mixed with water before pouring into the spray tank. TLumps
and foreign material may be eliminated by allowing the solution to
pass through a screen before entering the tank. A good grade of zinc
arsenite should have very little foreign material in it.

This spray is ordinarily applied at the rate of from 100 to 125
gallons per acre. Where vine growth is heavy these amounts are
adeguate, but in cases where plants are from 6 to 8 inches high there
may be some waste. The amount applied may he controlled by ad-
Justing the pressure of the sprayer and controlling the speed of the
team or tractor.

Dusting

In dusting for the flea beetle on potatoes, a mechanical duster,
power or traction, is needed. The duster should be equipped with a
self-mixer, so that it will not be necessary to do the extra handling
which is necessary in equipment built without mixing attachments.

Calcium arsenate, mixed at the rate of 1 pound to 8 pounds of
hydrated lime, has been found to be the most effective and economical
dust for controlling the flea heetle. Applied at the rate of from 25
to 30 pounds per acre with suitable equipment, it will afford control.
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A most satisfactory dust material for econtrol of the flea beetle
on potatoes is available in commercial mixtures of eryolite, one of the
natural fluo-silicate compounds. Several reliable companies are put-
ting this dust on the market; however, the cost makes its use pro-
hibitive in commercial potato growing. The dust is applied with a
mechanical duster at the rate of from 10 to 15 pounds per acre.

Combination Spray

The Colorado Experiment Station has been sueccessful in control-
ling the three major potato insect pests by use of a combination spray
consisting of 1 gallon of liquid lime-sulphur, 2 pounds of zine arsen-
ite, and 40 gallons of water. This concentration has been found to
work admirably in areas in Weld and Morgan Counties, where the
psyllid, flea beetle, and Colorado potato beetle are seriously injurious
to potatoes. The spray has been used since 1934 in experimental tests.
Tts extensive use in 1936 and 1937 by growers has added further to
knowledge of its value to the potato industry of the State.

Commercial growers make the first application when plants are
from 6 to 8 inches high. The first application completely controls the
Colorado potato beetle, psyllids present are either killed or repelled
from the plants, and migrating beetles which are arriving are kept
under control. The greatest numbers of flea beetles appear later in
the season ; consequently, second and third applications of spray are
neecessary.

Because 1t is less expensive, caleium arsenate has been used in-
stead of zine arsenite by some growers. Results of use of calcium
arsenate spray show some control, but it is not usunally as complete as
n the case of zine arsenite.

Summary

1. TFlea beetles have caused annual loss in northeastern Colo-
rado of $436,603.

2. The larval forms ave responsible for the heaviest damage.
3. The average length of the life cyele i1s 6 weeks.

4. There is ordinarily only one brood; however, in a favorable
season there are two.

5. Flea beetles overwinter in the soil.

6. There are local migrations of flea beetles from one field to
another.

7. All native wild members of the potato family, as well as other
weeds, serve as host plants to the adult beetles. Groundcherry and
buffalo-bur are known to serve as hosts to the larvae.
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8. Control consists of applying to the foliage of the potato
plants a selution of 2 pounds of zine arsenite to 50 gallons of water.
A thorough spraying is required.

9. A combination spray of 2 pounds of zine arsenite, 1 gallon
of lime-sulphur, and 40 gallons of water will control psyllids, flea
beetles, and Colorado potato beetles.

Colorado Potato Beetle

History

The Colorado potato beetle, known sinee potato culture was first
begun in the state, has oceupied a position of considerable importance
as a potato pest. The name ‘‘Colorado potato beetle’” was given to
it from the beginning, because it was first found in Colorado Terri-
tory. The insect was recorded and deseribed by Thomas Say in 1824,
From this early date a movement of this insect from the western
plains through the United States was noted. Cultivation of potatoes
made it possible for the insect to distribute itself through the coun-
try. It became one of the most important insect pests to potato
growers. Paris green was found to kill it, and although a factor in
potato production, it does not at present occupy the important posi-
tion as a pest that it held in the past.

Economics

Injury to the potato erop by this inseet is difficult to ascertain,
since in sections where it is a major pest the fields are sprayed an-
nually. The best way to arrive at a value would be to consider the
amount spent annually for control in the State. In 1928 some 10,000
acres of potatoes in eastern Colorado were sprayed for Colorado po-
tato beetle with paris green costing from 35 to 40 cents per pound.
The amount of material sprayed to the acre varied from 2 to 6 or 8
pounds. Such a practice is faulty, it is true, but a number of in-
stances have been observed during different seasons where these ex-
tremes were actually the case. An average of 3 pounds would make
the cost of material $1.05 per acre. The cost of materials for the
section of the State would run well over $10,500. This does not in-
clude spraying equipment, time, labor, ete. There is little doubt that
in a year favorable to the Colorado potato beetle the early potato
crop and much of the late crop would be damaged to an extent of
several thousand dollars if fields were not sprayed.
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Biology and Habits
Description and Stages

Apvurr.—The adult beetle, called the potato bug, potato beetle,
or Colorado potato beetle, belongs to the family of leaf-eating beetles,
the Chrysomelidae. Its scientific name is Leptinotarse decemlineata
Say. The adult form is a stout, oval, convex beetle 3% inch long and
14 ineh wide. The black and yellow lines, five on each wing cover
and running lengthwise, are characteristic. The adults have man-
dibulate or chewing mouth parts.

Eaas.—The eggs are orange vellow, laid in masses of 10 to 12
on the under sides of leaves. They are readily ohserved with the
naked eye.

Figure 8.~Colorada potate beetle (Leptinotarse decemlineata Say): (1) adult,
(2) egg mass, (3) larva. (4) pupa.
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LArva.—The small, newly hatched larval forms are of a dark-
red color. As they grow and inecrease in size the color changes to
orange. Along each side are two conspicuous rows of black spots
which, with the black head on the orange-coloved body, make a
striking contrast. Mouth parts of the larvae are for chewing,

Purpa.—The pupa found in the soil is about 34 ineh in length
and vellowish orange in color. The legs and wings are encased in a
pupal skin.

Life History

The adult beetles overwinter in the soil, going to depths of 10 or
12 inches. The depth to which they may go is more or less controlied
by the frost line. In the spring they crawl to the surface. In late
April and May they begin feeding on their available host plants,
the groundcherries and potatoes. Early plantings of potatoes are
seriously damaged by the emerging beetles.

Mating and egg laying begin soon after the beetles emerge. The
females lay several batches of eggs over a period of several weeks.
Eggs usunally are laid on the under sides of leaves, where they are
protected from direct sunlight. Kach female lays about 300 eggs.
At first the eggs are a brilliant vellow color, and as they advance
towards Incubation they become much darker.

The newly hatehed larvae are very small and are usually observed
feeding in the vicinity of the empty egg shells. Feeding begins very
soon after hatching. In about 3 or 4 days the second stage of growth
begins. The larvae in the second stage are larger and more active,
although they remain red in color. This stage lasts for another 3 or
4 days, when a molt takes place and the third stage appears. The
dark color changes to a reddish-orange.

The fourth stage is a decided orange color. The body has be-
come greatly enlarged, from 60 to 70 times the size of the newly
hatched larva. During larval development, which may last from 12
to 18 days, erowth is rapid. To support such rapid growth, large
guantities of food must be consumed. As maturity approaches the
larvae become sluggish in their movements. They descend from the
plant, erawling into a suitable c¢rack or burrowing into soil to a depth
of about 214 inches, where they pupate. Transformation requires
10 days or 2 weeks, after which new adults may be seen emerging
from the soil. The entire life cyele from ege to adult takes place in
about 30 davs. Since the eggs are laid over a period of several weeks,
the first generation extends over a period of 2 months and the second
generation up until the late harvest begins. There is a very definite
first generation in Colorado, the second being only partial in most
vears.
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buted and probably the preferred host plant is the spiny arid annual.
the buffalo-bur (Androsera rostrate Rhyd.). This plant is widely
distributed and is quite generally infested with Colorado potato
beetles. The groundcherries serve as host plants in the early part of
the season.

Control

Use of paris green as a control for Colorado potato beetles was
recommended in 1854 and has been generally used for the past 60
vears. The familiar green poison finds a place in every intelligent
potato farmer’s list of necessary materials. A dilution of from 1 to
2 pounds of paris green to 50 gallons of water will kill the adults and
larvae when applied properly to the foliage.

The use of zine arsenite in the proportion of 2 pounds to 50 gal-
lons of water will control the Colorado potato beetle in this State.
Use of the combination spray, 1 gallon of liquid lime-sulphur, 2
pounds of zine arsenite, and 40 gallons of water, is adequate for psyl-
lids, flea beetles, and Colorado potato beetles.

Summary
1. The Colorado potato beetle was the first potato pest discov-
ered. :
2. Both adults and larvae feed upon foliage of potato plants.
3. Early plantings are most seriously injured.
4. The life ecycle requires about 30 days.

5. The beetle feeds quite generally on plants and weeds of the
potato family.

6. Control of the Colorado potato beetle may be effected by
using paris green, 1 pound to 50 gallons of water; or zinc arsenite,
2 pounds to 50 gallons of water; or the combination spray, 2 pounds
of zine arsenite, 1 gallon of liquid lime-sulphur, and 40 gallons of
water.

Other Insects Injurious to Potatoes

Grasshopper

In the past few years grasshoppers have been noted as a serious
pest on potatoes, particularly in fields adjacent to alfalfa or to pas-
ture lands. Grasshoppers move onto the potatoes at hay cutting time,
or they move onto the more succulent potato plants as the pasture
lands dry up. They may cause severe defoliation. It has been re-
ported by a number of growers that the combination spray of zine
arsenite and lime-sulphur definitely prevents grasshopper injury.
Because grasshoppers are possible agents in the spread of potato dis-
ease, it is imperative that their numbers be reduced, particularly in
fields grown for seed.
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Blister Beetle

The occurrence of blister heetles in potato fields 1s sporadie.
Their numbers fluctuate from year to year. There are several species
which feed upon potatoes. They have been called *‘‘potato bugs’’
in different sections, although the term has also been applied to Colo-
rado potato beetles. The various species of blister beetles defoliate
the plant and when abundant do considerable damage. Zine arsenite
has heen found to be effective in their control. The combination
spray has given excellent results in killing them.

Aphid

Aphids or plant lice, of which there are several species feeding
on potatoes in Colorado, have never heen considered serious pests.
Thev have been observed in abundance in the mountain potato sec-
tions and in some years in the commercial areas of northern Colorado.
They have occasionally appeared in sufficient numbers to be poten-
tially harmful, particularly since theyv are well known ecarriers of
virus diseases, such as leaf roll, spindle tuber, and others. The com-
mon spray used in their control is nicotine sulfate—in dilution of
1 to 800. There has been very little spraying for aphids on potatoes
in Colorado; however, where potatoes are being grown for seed an
application of spray is advisable. It should be applied soon after the
aphids are noted in numbers. Their colonies mayv be observed usually
on the under side of the leaves; their deposits of sticky, shining
honeydew may be seen on leaf surfaces exposed helow the colonies.
The late aphid infestation may require vine lifters for spraying.

Say’s Plant Bug

In 1939 in the Brush and Fort Morgan areas a serious outbreak
of a condition apparently caused by the feeding of Say’s plant bug
(Chlorochroe sayi) was reported to the Experiment Station, Ento-
mology Section. A detailed study of the injury was made at Hillrose,
C'olo., when the damage was most pronounced. The abundance of this
large stink bug, and the condition associated with it, brought atten-
tion to a new disease designated by the growers in Weld County as
“‘big bug blight.”” Cage experiments at Greeley and experiments
carried on in the greenhouse during the fall at Fort Collins, showed
definitely that the plant bug was in some way responsible for it.
Indications are that the condition may be caused by the poisonous
secretion of the insect during feeding. Experiments on control were
attempted. Pyrethrum dust 10 percent gave the most satisfactory
kills, but although the application of this material reduces the popu-
lation appreciably it is doubtful whether the crop will justify the
expense Involved.
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Wireworm

There are sections of Colorado where wireworms cause consider-
able damage to tubers. Pits an eighth to a quarter of an inch in dia-
meter and an eighth to a quarter inch deep are tyvpical of wireworm
injuries. These rather large brownish eylindrical worms are present
in many cultivated fields. Their nmwmbers have never been excessive
in Colorado, but where they do oceur tubers may show considerable
mjury. They appear to be most common on heavily manured soils
and in fields where potatoes have been grown for ssveral suecessive
vears. Rotation 1s the only practieal control.
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