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For many years the available methods of controlling the insect pests of
cereal and forage crops have consisted
mainly of modifications in cultural
practices to prevent or reduce infestations. Such measures as rotation of
crops, thorough and timely tillage, variations in time of planting or harvesting, destruction of crop residues, weeds,
trash, and volunteer crop plants, and
fertilization to promote rapid, vigorous
crop growth can usually be applied for
the control of insects wdth little or no
addition to the cost of crop production.
Low cost of application is particularly
important with respect to cereal and
forage crops, which generally arc of
such low value per acre as to make the
use of expensive methods of control
impractical.
More recently, increases in yields per
acre and market or farm value of cereal
and forage crops have raised the permissible limit on expenditures for control of the insects that attack them.
Also, more efficient insecticides and insecticide application equipment than
w^ere formerly available have now been
discovered or devised. In 1950, for example, the average acre-value of corn
in the United States was $42 higher
than it was in 1940, the acre-value of
No. I baled alfalfa hay increased $10
or more, that of alfalfa seed increased

about $33, and that of red clover seed
increased approximately $14. Furthermore, properly applied insecticidal
treatments costing about $3 to $6 an
acre have produced returns in increased yields amounting to several
times their cost.
On the other hand, cultural control
measures still continue to be the best
if not the only methods of control for
some of the insects. Because the general
subject of cultural control methods has
been discussed in another article (p.
437), only those that have been worked
out and recommended during the past
few years are mentioned here.
THE ALFALFA WEEVIL, an immigrant
from Europe, is prevalent in the Rocky
Mountain and Pacific Coast States. Its
control by early cutting of the first and
second alfalfa crops of the season is a
development in cultural control. Early
cutting means harvesting when most
of the alfalfa plants in a field are in the
flower-bud stage of growth, w^hen there
is only a sprinkling of first bloom and
only the earliest shoots of the next crop
have appeared at the crowns. Clean
cutting at that time and prompt removal of the hay leave the weevil
larvae on the bare field where nearly
all of them, together with eggs and
pupae, die of starvation or exposure
to heat. Thus, the growth of the second-crop shoots is unhindered by the
weevil and comparatively few adults of
the new generation will be produced
to carry the species over winter.
To keep the alfalfa weevil under
control by this means, the first and
second crops should be cut early every
year even though they are not actually
being injured. If this practice is not
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followed^ enough weevils may be produced to cause damage the following
year. In areas where the alfalfa weevil
does not occur or never becomes a
serious pest, early cutting is not advisable; continual early cutting tends to
reduce the stand.
Another practice was found to be
beneficial in the alfalfa-seed-growing
districts of southwestern Arizona for
the control of lygus bugs, the little
greenish-brown sucking bugs about
three-sixteenths inch long and winded
when full-grown. They greatly reduce
yields of alfalfa seed and hay. Under
Arizona conditions they can be fairly
well controlled by a community-wide
program of cleanly mowing or pastuiing off all growths of alfalfa and weed
hosts in the winter, early cutting of the
first crop of alfalfa for hay in all fields
within a lo-day period in late April,
growing the second crop for seed and
starting it as nearly as possible on the
same date in all fields, and regulating
irrigation so as to avoid extremely succulent vegetative growth of the seed
crop. This system kills off most of the
overwintering lygus bugs, and during
the growing season prevents the survivors or their progeny from multiplying by moving back and forth among
fields in different stages of growth.
Thus the insect is kept under control
by starvation. This method is less practicable in other areas where there is
greater diversity of crops and a larger
proportional acreage and variety of
wild host plants.
THE WHEAT STEM SAWFLY has
caused serious losses of wheat in Montana and North Dakota. It is a little,
wasplike insect. In its worm stage it
mines up and down within the growing
wheat stem. In making its overwintering cell in the base of the stem, it cuts
a groove around the inside at about
ground level. As the heads become
heavy with grain, the infested stems
break over in the wind and fall to the
ground, so that the harvester cannot
pick up many of the heads. The only
methods yet developed for reducing the
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losses are cultural. They consist of
early harvesting before many of the
stems have fallen; shallow cultivation
of the stubble as soon after harvest as
possible to throw it out on the surface
of the ground where many of the sawfly worms that overwinter in it will die
from lack of moisture; plowing the
stubble under deeply where wind and
water erosion is not a serious factor,
so that the sawflies cannot emerge from
it the following summer; rotation of
wheat with crops that the sawfly does
not attack, such as barley, oats, flax,
corn, or mustard; and, in areas to
which it is suited, the use of the Rescue
variety of wheat, which is resistant to
the sawfly. For most effective results
these control measures must be applied
throughout whole communities.
Cultural measures have been found
helpful in the control of the wheat
midge in the Pacific Northwest. Fallsown wheat grown on uplands matures
early enough to escape infestation by
the midge, but spring wheat becomes
infested unless it is sown very early. If
sow^n by the first week in April it
usually escapes injury. Either winter or
spring w^heat sown on low, wet peat
land, however, may mature so slowly
that it becomes infested. The stubble
of infested wheat should be turned under if possible, to bury the midges that
overwinter in it so that they cannot
emerge the following June to infest
the new crop.
The pale western cutworm is a serious pest in the small-grain areas of the
southern Great Plains. It is of longstanding importance in the springwheat region farther north. It works
mostly underground and therefore cannot be controlled satisfactorily with the
poison baits that are effective against
most species of cutworms. In the
spring-wheat region it can be controlled by early spring starvation of the
newly hatched worms. That is accomplished by thorough cultivation of the
wheat-stubble fields to destroy all green
vegetation early in the spring as soon
as the weeds and volunteer grain show
r to 2 inches of growth, followed by a
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delay of lo days before seeding to a
spring grain crop. In the southern
Great Plains, however, where fall-sown
wheat is the chief crop, the starvation
method of control is not feasible except
possibly where a spring grain crop such
as barley is to be sown on wheat-stubble
land.
Under the conditions prevailing
there, winter wheat sown on land that
has been cleanly fallow^ed during the
preceding summer and that had been
planted during the previous year to a
row crop such as sorghum, almost always escapes serious injury. Alternation of winter wheat with clean summer fallow also is an cfTective way to
prevent injury. In applying this
method, the stubble of the year's crop
is left undisturbed until the following
spring, when the ground is cultivated
and kept clean throughout the summer
until wheat-seeding time the following
year. The spring cultivation should
start as early as possible without incurring danger of spring soil blowing, preferably before April 15, From the standpoint of soil conservation, subsurface
cultivation to produce a trashy mulch
may be more desirable than clean fallow, but its effectiveness as a substitute
for clean fallow in controlling the pale
western cutworm has not been determined.
ROTATION OF CROPS is a good way to
control the so-called white-fringed
beetles, which are several closely related South American insects and are
abundant in some parts of the Southeastern States. Their larval (grub)
stages attack many summer crops, especially peanuts, soybeans, vclvetbeans,
crotalaria, corn, cotton, and vegetables. The adult beetles feed on the
legumes, cotton, and various broadleaved vegetable crops, shrubs, flowers,
and weeds. On the other hand, grasses
and winter grains arc unfavorable to
both larvae and adults. Although these
insects can be controlled by insecticides, the crop losses they cause can
be prevented by the following cultural
practices :
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1. Plant oats or other small grains
for grain and grazing on the heavily
infested portion of the farm.
2. Do not plant more than onefourth of the cropland each year to
such summer legumes as peanuts, soybeans, velvetbeans, or other plants that
are favorable food for the adult beetles.
Do not plant them on the same land
of tener than once in 3 or 4 years.
3. Do not intercrop corn with peanuts, soybeans, crotalaria, or velvetbeans, and do not permit broadleaved
weeds, such as cocklcbur, to grow
among the corn.
4. Fertilize cotton and corn heavily
with a commercial fertilizer, and use
a winter-grown manure crop that can
be turned under before the cotton or
corn is planted.
MOST OF US are familiar with the
large, white grubs with brown heads
and curved bodies that live in the soil
and feed on plant roots. They are pests
of bluegrass, timothy, corn, and several
other crops. When they are full-grown
they turn into the large, brown beetles
commonly known as May beetles or
June beetles. They often ruin bluegrass
pastures in the Northeastern and North
Central States. Grub populations can
be reduced on infested farms in those
States by planting deep-rooted legumes
such as sweetclover, alfalfa, and red
clover (which are unfavorable to
them.) in rotation with the more susceptible crops. The legumes arc most
effective if they are planted in the years
of major beetle flights, which come in
3-year cycles and have been determined in advance for the infested areas.
More recently, a system of renovating hillside bluegrass pastures badly
infested with white grubs has been developed by the Wisconsin Agricultural
Experiment Station, based on the
knowledge that both the adult beetles
and the grubs are partial to grasses but
do not like legumes. The sod is thoroughly torn up with a disk, springtooth harrow, or field cultivator during
late fall or early spring, treated with
lime and fertilizer in accordance with
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need as shown by soil tests, and sown
in the spring with a seed mixture consisting mainly of legumes. These soon
provide good pasture and are gradually
replaced by the original bluegrass.
It is possible that a successful soil
treatment with DDT or one of the
other new insecticides eventually wdll
be developed for control of white grubs
as pests of cereal and forage crops.
CULTURAL METHODS of control often
arc of limited value. Also, they must
be applied before or at the time a crop
is sown and before it becomes infested. Some farmers therefore tend not
to use them; they do not like to make
changes in their established routine to
forestall insect infestations that may or
may not attack their crops at some
future time. What they want is some
control measure that can be applied
immediately if or when their crops are
actually being injured. With the advent of new and more efficient insecticidal chemicals and the currently
higher yields and value of some cereal
and forage crops it has been increasingly possible to meet this need through
the use of insecticides.
BECAUSE ALL insecticides are more or
less poisonous to man and other warmblooded animals, as well as to insects,
the usefulness of most of them on cereal
and forage crops is limited. When
these crops are treated according to
recommendations with any of the insecticides mentioned in the following
discussions, the amount of insecticide
residue that remains on them at harvesttime is too small to be appreciably
toxic to animals fed on hay, forage, or
silage made from the crops. On the
other hand, these feeds may retain very
small amounts of the insecticide and
when fed to farm animals may cause
the deposition of very small quantities
of it in their body tissues, milk, or eggs.
What efiPects, if any, the consumption
by man of extremely small quantities
of these insecticides in meat, milk, eggs,
and other foods may have on human
health is still in doubt. Therefore, ex-
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cept as otherwise indicated in this
article, forage, hay, or silage from crops
that have been treated with any of
these insecticides should not be fed to
dairy animals or poultry, or to meat
animals being finished for slaughter.
DDT and toxaphene in sprays or
dusts are two of the best insecticides
yet tried for the control of the true
armyworm, fall armyworm, and army
cutworm, but some investigators have
reported poor results. Also, the advisability of using them on grain and feed
crops is still questionable because of the
residues of insecticide that may remain
on them at harvesttime. These insects
are really cutworms that appear in
great numbers some years when
weather conditions are favorable to extensive outbreaks. The true armyworm
and army cutworm are partial to small
giains, grasses, and corn, but the fall
armyworm also attacks peanuts and
other legumes. Excellent control has
been obtained by application of a spray
made from factory-prepared concentrated solutions of toxaphene or DDT
which are emulsifiable with water. Toxaphene has been successfully applied by
airplane at the rate of 1.5 to 2 pounds
per acre in 2 gallons of spray. A spray
containing 1.5 pounds of DDT in 5
gallons of spray per acre has also given
satisfactory control when applied by
airplane or with ground equipment.
Dusts containing 20 percent of toxaphene or 10 percent of DDT, applied
at the rate of 20 pounds per acre, have
also given good control under some
conditions.
The broadcasting of poison bran
bait as commonly applied for cutworms
and grasshoppers is another of the good
methods of control for armyworms.
It has been used for many years. It is
less likely than dusts or sprays to leave
a residue of insecticide on the crop.
According to Connecticut Agricultural Experiment Station workers,
"Thirty pounds of 10 percent toxaphene dust or 10 percent chlordane
dust per acre applied to the surface of
the soil at least a week, before planting
gave excellent control of cutworms on
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tobacco. Toxaphene emulsion, at the
same rate of active ingredient per acre
was equally effective."
Similar results on vegetable ground
with 5 percent DDT or 5 percent chlordane dust at 30 to 40 pounds per acre
have been reported by the Minnesota
Agricultural
Experiment
Station.
These treatments would appear promising for cutworm control in young
corn. In fact, the application of i to 2
pounds of toxaphene per acre in two
or more gallons of spray with conventional weed sprayers, as recommended
by the Iowa Station, has successfully
controlled cutworms on hundreds of
acres of young corn in Iowa.
CHINCH BUGS are little black sucking
insects that attack corn, sorghum,
small grains, and grasses grown for
forage or lawns in the Central and
Eastern States. They arc about oneeighth inch long when full-grown, with
white wings folded on their backs to
form a sort of X. When newly hatched,
they are smaller than a pinhead, red,
and wingless, but their wings develop
and they lose their red color as they
mature. They often become extremely
abundant in small grains. When these
ripen the young bugs migrate in enormous numbers on foot to adjacent
fields of young corn, sorghum, and
other crops belonging to the grass family. Barriers of one kind or another
are widely used to prevent these migrations.
Chinch bug barriers are made in
several ways, but the best of them include a narrow band of a repellent or
insecticidal chemical on the surface of
the soil. For many years repellents such
as coal-tar creosote have been used for
this purpose, either directly on the
ground or on a fence about 2 inches
high made of stiff, heavy paper. More
recently insecticidal dusts containing 4
percent of dinitro-o-cresol, 10 percent
of DDT, or I percent of benzene hexachloride, applied in a narrow band on
smooth, hard-packed soil or in a truckwheel track, at the rate of i to 2 pounds
per rod, have been found very satis-
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factory. The dust line should be patrolled every day to remove leaves or
other debris that may have been blown
onto it, and to repair any breaks made
in it by wind, water, or soil cracks.
Lines that have been destroyed by
heavy rain should be completely
renewed.
Although rather expensive, several
of the new insecticides have been
recommended as dusts or sprays for
application to valuable small plantings
of corn and other grains being grown
for seed, or to limited areas of corn that
have been invaded by chinch bugs from
adjacent small-grain fields. Being sucking insects that do not eat plant tissues,
chinch bugs cannot be killed by merely
spraying or dusting the plants, but must
be actually hit with the insecticide.
Satisfactory control of the adults on
corn has been obtained with toxaphene
applied in a spray or dust at the rate
of 1/2 pounds per acre. One of the
best dusts yet found consists of 4 percent by weight of sabadilla powder in
pyrophyllite, used at the rate of 50
pounds or more per acre.
Good protection of lawns against
chinch bugs has been obtained with a
dust containing 5 percent of chlordane
by weight applied at the rate of 5
pounds per 1,000 square feet. For more
convenient and uniform application
this quantity of the dust may be mixed
with 2 or 3 pounds of sand or 10
pounds of fine-grained fertilizer and
spread with a fertilizer or lime
spreader. If no device for settling the
dust is attached to the spreader, a
broom or the back of a rake may be
used. The treatment should not be applied when the grass is wet. Mowing
the lawn just before or just after treatment is helpful in perfecting coverage
and settling the dust.
THE GREENBUG is a little green plantlouse that frequently does extensive
damage to small grains in the spring
and early summer in the Central and
Southeastern States. No satisfactory
control measure for it was known before 1949. Experiments and large-scale
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use in 1949 and 1950 showed that excellent control can be obtained with
parathion at temperatures above 45°
F., and with tetraethyl pyrophosphate
at temperatures above 70°. These insecticides were used with good effect
in 1949 on some 60^000 acres of badly
infested small grains in the North Central States and in 1950 on upwards of
650,000 acres in the South Central
States. The best results were had with
oil or water sprays made from factorymade emulsifiable solutions containing
15 to 25 percent of parathion and applied by airplane or power ground
equipment at the rate of 3 to 4 ounces
of parathion in 2 to 5 gallons of spray
per acre. Tetraethyl pyrophosphate
was used at the rate of ¿\. to 5 ounces
per acre in the same gallonagcs of
spray. Both of these insecticides are
very toxic to man and contact of any
kind with them must be avoided. They
should not be applied with hand equipment. They disappear from the plants
quite rapidly. However^ treated small
grains should not be pastured or cut
for hay or grain during the first 2 weeks
after treatment with parathion or for
3 days after treatment with tetraethyl
pyrophosphate.
FOR WHITE-FRINGED BEETLES excellent insecticidal control methods have
been worked out. Adult beetles that arc
injuring ornamental shrubs and flowers may be killed with cryolite or DDT
applied as a dust or spray. An undiluted full-strength cryolite dust or a
3 to 5 percent DDT dust is applied
at 7- to lo-day intervals. As a spray,
cryolite is used at the rate of 1.5
ounces to i gallon of water. For a
DDT spray, i ounce of 50 percent
DDT wettable powder, or 2 ounces of
■ 25-percent DDT wettable powder, are
mixed with 3 gallons of water, and
applied at 10- to 15-day intervals.
Field infestations of white-fringed
beetle larvae can be controlled by
treating the soil with DDT. One application of 10 pounds of DDT per acre
gives good control for several years.
The DDT is applied evenly over the
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soil surface in a dust or spray and
mixed thoroughly into the upper 3 or 4
inches of soil with a disk harrow. A
good method of applying the DDT is
to mix 20 pounds of 50 percent DDT
dust thoroughly with 500 pounds of
pulverized dry sandy soil or sand—
enough for treating i acre—and spread
the mixture by hand or with a rotary or
spreader-type fertilizer distributor.
Even distribution can be obtained by
spreading half of the mixture in one
direction and the other half at right
angles to the first. For garden plots, i
ounce of 50 percent DDT mixed with
a suitable quantity of dry sand is
enough for 140 square feet.
For protection of row crops such as
corn, cotton, soybeans, and peanuts,
DDT is applied in the drill rows at
planting time in the spring. The DDT
is mixed with soil or sand as previously
described and applied by hand or with
a fertilizer distributor (at the same
depth as the seed is to be planted) at
the rate of 2.5 to 5 pounds of DDT per
acre.
IN EXPERIMENTAL TRIALS other new
chemicals are showing promise as soil
insecticides for control of the whitefringed beetle.
Growers of sweet corn in the home
garden or for the market usually
have trouble with the corn earworm,
especially in the warm climate of the
Southern and Pacific States, where this
insect is a limiting factor in sweet-corn
production. A good method of control
is to inject a few drops of refined white
mineral oil, preferably containing 0.2
percent of pyrethrins, into the base of
the silk mass at the tip of the ear with
an oil can or medicine dropper about 4
days after the silk first appears, at
which time the oil will not interfere
with pollination.
A spraying method better suited for
application to large commercial plantings also has been developed. The
spray consists of 3 quarts of factorymade 25 percent DDT emulsifiable
concentrate (5 pints of 30 percent
DDT concentrate can be substituted)
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and 25/2 gallons of white mineral oil of
^5 ^o 95 seconds Saybolt viscosity,
mixed thoroughly with enough water
to make 25 gallons. For a small batch
the quantities may be reduced to onefourth pint of the 25 percent DDT concentrate, three-fourths pint of the oil,
and enough water to make a gallon.
The spray is applied to the tips of the
ears i day after the first silks appear
and again 2 days later. A third application 2 days after the second usually increases control. Only enough spray
should be applied to wet the silks.
Twenty-five gallons of the spray is
enough for i acre of corn, and i gallon
will take care of a plot about 17 by 100
feet. Any good hand sprayer is satisfactory for treating garden sweet corn.
For commercial acreage a high-clearance power sprayer is used, with nozzles fixed in suitable positions to spray
the tips of the ears, and adjusted to wet
them adequately but not excessively
with a fine spray.
A similar spray, but with only 1^4
gallons of mineral oil in a 25-gallon
lot, can be applied to the entire plants
to reduce "budworm" damage by the
earworm and fall armyworm to sweet
corn before tasseling and silking.
THE CORN FLEA BEETLE causes direct injury to field and sweet corn and
also is a carrier of the destructive bacterial wilt (Stewart's disease) of corn.
This shiny black beetle is not much
larger than a flea and jumps like one
when disturbed. It is especially injurious to very young sweet-corn plants,
which it often infests in great numbers.
Experiments have indicated that it can
be readily controlled in home-garden
plantings, with attendant reduction of
the wilt disease it carries and material
increase in yields, by applying a dust
containing i or 2 percent of DDT to
the young plants. Good control also has
been obtained in home gardens with a
light application of a fine, mistlike
spray containing DDT applied with a
small plunger-type hand sprayer. The
spray is made by thoroughly mixing 6
tablespoonfuls of a ready-made emul-
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sifiable liquid concentrate containing
25 percent of DDT (usually obtainable
in seed stores) with i quart of water.
The spray may burn the plants more or
less if applied so heavily as to leave
droplets on them. One or two additional applications may be necessary if
the plants become reinfested.
Some of the other new insecticides
tested against the flea beetle on young
sweet corn have shown considerable
promise. In one trial on 8 acres of sweet
corn plots, very good control was obtained by applying a concentrated solution of DDT as a very fine mist with a
power blower at the rate of 2 pounds
of DDT per acre. This treatment did
not injure the plants.
THE ALFALFA CATERPILLAR could be
controlled very easily by treating the
infested stand with about one-fourth
pound of DDT per acre in a dilute dust
or spray if it were not for the residue
problem. Even with such a light dosage, tiny amounts of DDT remain in
the hay and appear in the milk, eggs,
and meat of animals to which the hay
is fed. The use of DDT on alfalfa
therefore can be recommended only
where the crop is being grown for seed ;
the threshings should not be fed to
dairy animals, poultry, or meat animals
that are being finished for slaughter.
The California State Extension Service in 1951 recommended methoxychlor sprays, applied at the rate of
three-fourths pound of the active ingredient per acre for the control of the
alfalfa caterpillar. Methoxychlor does
not cause a residue hazard when it is
used at the dosages recommended
herein on alfalfa grown for hay.
This velvety green caterpillar, which
is nearly 2 inches long when full-grown
and of importance only in the Southwestern and Pacific Coast States, is
kept under control much of the time
by its insect enemies and a wilt disease.
With their help, most of the losses
it causes can be prevented by cultural measures systematically applied
throughout whole communities. Alfalfa growers in some California dis-

588
tricts have found it profitable to cmploy entomologists to watch their fields
during the growing season and advise
them concerning the application of
measures for the control of the caterpillar and other alfalfa insects.
Good control has been obtained by
University of California research workers from the experimental spraying of
infested fields with laboratory-prepared
suspensions of the virus that causes the
wilt disease of the alfalfa caterpillar.
This method appears promising.
SEVERAL SPECIES of Lygus, as I mentioned^ often arc abundant in alfalfa
and greatly reduce the yield where the
crop is being grown for seed. DDT and
toxaphene have been found very useful in controlling them. Recommendations issued in 1951 by the Utah State
Agricultural College are :
"i. Dust the alfalfa seed field when
the plants are in bud stage, using 20
to 25 pounds of 10 percent DDT dust
per acre. Or, spray the field, using at
least 1.5 pounds of actual DDT per
acre. Either treatment will eliminate
lygus nymphs for the first 3 weeks and^
in addition^ will often keep the population so low during the rest of the seed
period that a second treatment is unnecessary.
"2. If, 3 or 4 weeks after the bud
stage treatment, lygus nymphs begin to
become numerous^ apply 20 pounds of
10 percent toxaphene dust per acre. Or,
1/2 pounds of actual toxaphene as a
spray may be used if a spray treatment
is preferred. Make the application
when bees are not working in the field.
Put on the dust or spray before 7 a. m.
or after 7 p. m. If applied as directed,
toxaphene is not too harmful to bees
for use on alfalfa in bloom. Most other
insecticides will kill many bees even
though applied at night.
"Do not feed forage or chafT treated
with DDT or toxaphene to dairy animals, animals being fattened for
slaughter, or poultry."
IN ADDITION to the cultural method
of controlling the alfalfa weevil I men-
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tioned earlier, the new insecticides
have led to improvements in its control.
A new departure is to kill off the overwintered adults early in the spring before they have had a chance to lay eggs
for a new generation. This is done by
applying 1.5 to 2 pounds of chlordane
per acre in a spray when the first spring
growth of alfalfa is only i to 2 inches
tali. As little as one-fourth pound of
dicldrin per acre applied in a spray at
that time has given even better results
and is now being recommended by
State Agricultural Experiment Station
and United States Department of Agriculture entomologists.
When seed is to be grown the additional weevil control needed is provided by the application of DDT for
control of lygus bugs as already described.
In field plot tests promising results
have been obtained with extremely
small dosages of aldrin, heptachlor,
lindane, or chlordane, but none of
these chemicals can be used safely on
alfalfa to be cut for hay.
When the crop is to be used for hay
the grower may prefer to control the
weevil by killing the larvae after they
become abundant on the first cutting of
the season. If so, for maximum benefit
the crop should be treated before many
of the plants have started to turn gray.
A dust or spray containing 2 pounds of
calcium arsenate, i to 2 pounds of
methoxychlor, or one-fourth pound of
parathion per acre is then used.
Parathion-treated hay must be left
at least 14 days before cutting. When
calcium arsenate is used the crop
should be allowed to stand at least 10
days.
If parathion is used it should be applied only by airplane or power ground
machine, not with hand equipment,
and in strict observance of the directions and warnings given on labels and
otherwise by the manufacturer.
THE PEA APHID is a serious pest of
alfalfa as well as peas. This little, palegreen plant-louse often multiplies to
enormous numbers on alfalfa early in
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the spring and ruins the first hay crop grown for seed, however, prompt cutof the season in one area or another ting is not feasible, and the use of an
practically every year. Before we had insecticide is the only alternative. The
the new insecticides certain cultural garden w^ebworm is much easier to conmeasures of a preventive nature were trol with an insecticide if it is applied
the only known methods of control. before the larvae become half-grown,
Several of the new insecticides are use- because by that time they feed largely
ful in suppressing infestations when within their webs, which keep the inactually in progress. The use of DDT secticide off the foliage.
as already described for the control of
Newly seeded fields of alfalfa that
lygus will give good control of the pea ' become infested can be protected by
dusting them with calcium arsenate at
aphid.
10 pounds per acre or spraying them
Parathion may be used as a i-percent dust at 35 to 40 pounds per acre, with 4 pounds of this insecticide in 100
if applied by ground dusters. This dust gallons of water per acre.
Preliminary tests conducted by exshould not he- applied by airplane. Excellent control may also be achieved periment station workers in Kansas
with I pound of wettablc 25 percent and Oklahoma indicate that toxaphene
parathion powder in 100 gallons of is satisfactory for controlling this pest.
water per acre. Alfalfa that has been Toxaphene is less toxic to bees than
treated with parathion should not be some other insecticides. Nevertheless, if
cut or pastured for at least 14 days. the alfalfa is in bloom it should be apDo not apply parathion to alfalfa fields plied only before 7 a. m. or after 7
p. m., v/hen bees are not active in the
in blossom.
field. Toxaphene as a spray at the rate
Tetraethyl pyrophosphate (TEPP)
is extremely toxic to aphids. One pint of 2 pounds, or as a dust at the rate of
of 40 percent emulsifiable TEPP in 3 pounds, per acre should give ade10 gallons or more of water is applied cjuate control if applied when the
per acre. The spray should be used worms are small.
These insecticidal treatments are
immediately after it is mixed because
it loses its strength in an hour or two. recommended for use only on alfalfa
It should be applied after 7 p. m. if being grown for seed, where no part of
the alfalfa is in bloom, in order to avoid the crop is to be used for feed or
pasture.
killing bees essential to cross-pollination. Large fields may be treated by
THE TWO-SPOTTED SPIDER MITE^
airplane when the wind does not exclover mite, and other mites occasionceed 4 miles an hour.
ally damage seed alfalfa during the
blooming period. A way to prevent the
THE GARDEN WEBWORM may become
extremely abundant on alfalfa in late damage is to apply dusting sulfur to
summer or early fall. This small, yel- the crop just before it blooms. A single
lowish-green, black-spotted worm en- application of 20 to 25 pounds of sulcloses the foliage in webbing, inside of fur per acre will usually suffice. It can
which it feeds on the leaves. It can be be applied as a diluent of DDT where
controlled on alfalfa grown for hay by DDT is being applied for lygus concutting the alfalfa as soon as it comes trol, or by itself if the DDT is being
into bloom and the young shoots of the applied as a spray.
Some of the miticides recently put on
next crop have begun to appear on the
plant crowns. Keeping weed growths the market by insecticide manufaccleaned up in fields, fence rows, and turers have shown promise for use on
other uncultivated areas also helps to alfalfa. For information concerning
prevent the infestation of alfalfa from these the grower should consult his
these sources. Where alfalfa is being State agricultural experiment station.
9703 34°
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THE POTATO LEAFHOPPER does much
damage to alfalfa and peanuts and
could as well be called the alfalfa or
peanut leafhopper. It is a pale-green,
soft-bodied, wedge-shaped winged insect only about one-eighth inch long
when full-grown. It often becomes extremely abundant on these crops and
sucks the sap out of the leaves, causing
them to turn reddish yellow and die.
In experimental trials favorable results have been obtained with several
of the new insecticides for leafhopper
control on alfalfa and peanuts. On
alfalfa excellent control was obtained
with one-half pound of methoxychlor
per acre in spray or dust form applied
midway in the development of the crop.
On peanuts in Virginia, three applications of a dust containing 90
percent of sulfur and i percent of DDT
gave good control of the leaf spot disease as well as the leafhopper. The first
application was made about July 10
and the other two applications at 3week intervals. To avoid possible residue hazards, the total amount of this
dust applied during any one season
should not exceed 80 pounds per acre.
SEEDLING PEANUTS are subject to injury by the tobacco thrips, an extremely
small yellowish insect that becomes
numerous within the folds of the young
leaflets, causes them to crinkle, shrivel,
turn black, and die, and retards the
early season growth of the plants.
Several of the new insecticides, especially DDT, aldrin, and dieldrin, have
given good control as dusts and sprays
in experimental trials, and it is hoped
that one or more of these can be recommended when more information has
been obtained on dosages required and
possible residue hazards.
SPITTLEBUGS have been abundant in
the Eastern and North Central States.
These insects produce littk^ masses of
white froth around themselves and the
stems of alfalfa, clover, and other
plants from which they suck sap
through their sharp beaks. The young
bugs begin feeding very early in the
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growing season and cause surprising
losses in yield.
Several of the new insecticides have
been effective against these insects, one
of the best being lindane at one-fourth
pound per acre in a water emulsion or
a wettable powder suspension in water.
The emulsions have been successfully
applied in i o to 20 gallons of spray per
acre with the low-pressure power weed
sprayers now in common use. These
sprayers must be cleaned very thoroughly of all weed killer with a solution
of I gallon of ammonia in 100 gallons
of water before they are used for applying insecticides. Emulsions or suspensions can also be applied in more dilute
form with high-pressure sprayers such
as are used for treating vegetable and
fruit crops.
Good control has been obtained with
a 5 percent benzene hexachloride or
toxaphene dust, applied by airplane or
ground equipment at the rate of 20 to
30 pounds per acre. One pound of
methoxychlor per acre in a spray suspension or emulsion was also effective,
even when applied in as little as 5 gallons of spray per acre.
For best protection the insecticide
must be applied before the new growth
is more than 8 inches high and before
many of the young bugs have become
enveloped in froth. It has been suggested that the second crop can be protected without causing a residue hazard
by spraying or dusting the stubble as
soon as the first crop can be removed
from the field and before the second
crop has attained much growth.
When used as recommended, methoxychlor can be safely applied to crops
being grown for hay or forage, but lindane, benzene hexachloride, and toxaphene should be used only on crops
being grown exclusively for seed. If
applied to crops grown for hay or forage they may contaminate the meat,
milk, or eggs of animals fed thereon.
Benzene hexachloride or lindane
should not be applied to fields that
will be planted to potatoes, other root
crops, or peanuts, as they may cause
an off-flavor in such crops.

Cereal and Forage Insects
Although more expensive than the
above-mentioned insecticides, a 0.75
percent rotcnone dust at 25 to 40
pounds per acre has been recommended and can be safely used for
spittlebugs on crops grown for hay, forage, or food.
THE ADULTS AND LARVAE of the
clover root borer, a beetle that burrows
in the roots of red clover, kill many of
the plants and thus rapidly deplete
stands. No satisfactory method of preventing the damage has been available.
However, several research workers
have succeeded in greatly reducing infestations by treating the clover with
a dust containing benzene hexachloride, chlordanc, aldrin, parathion, or
certain other new insecticides in the
fall or spring to kill the adults during
their spring flight period. Some of the
treatments also gave good control of
spittlcbug infestations. From, the results
to date it appears that the insecticidal
control of the clover root borer will be
practical, but at this writing further
information is needed on possible residue hazards involved, before definite
recommendations can be made.

Two SPECIES of grayish weevils only
about one-tenth inch long, called
clover seed weevils, attack the florets
or immature seeds of alsike, ladino,
and red and white clover being grown
for seed, and seriously reduce the yield.
Most of the damage is done by the
larvae working deep in the blossoms.
These weevils originally came from
Europe and no satisfactory method of
controlling them was known until very
recently. Experiments have shown that
one treatment with 20 pounds of 5 percent DDT dust evenly applied by airplane or ground machine when about
20 percent of the clover heads have
withered and turned brown will control them in most seasons under Oregon and northwestern Idaho conditions. To avoid killing honey bees and
other pollinating insects, the dust
should be applied early in the morning
or late in the evening when those in-
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sects are not working on the blossoms.
Favorable experimental results have
been obtained by workers in the New
York Agricultural Experiment Station
with a dust containing i percent of
parathion.
A little weevil, known as the vetch
bruchid, infests the seeds of the
hairy, woolly podded, and smooth
vetches but not those of common vetch.
Because of its winter hardiness, hairy
vetch is a valuable winter cover crop
in the South. This weevil, which undoubtedly came into this country in
seed imported from Europe, ruined the
production of hairy vetch seed in the
Eastern States. Before DDT came
along it had also nearly ruined the
production of this seed in Oregon and
southern Washington, the only area
from w^hich it could be obtained in
quantity during and after the Second
World War. In tests of various insecticides it was shown that good seed crops
can be obtained if hairy vetch is treated
by airplane or ground machine with a
3 percent DDT dust at the rate of 25
pounds per acre as soon as the first
pods appear outside the fading hairy
vetch flowers. The general use of this
method of control has enabled Oregon
growers to continue the production of
hairy vetch seed.
THE

SOUTHERN CORN ROOTWORM IS

the larva of the spotted cucumber
beetle. It is a white worm about threequarters inch long when full-grown,
with a brown head and tail-plate. The
worms live in the soil and attack the
underground parts of many kinds of
plants, including corn and peanuts.
Cultural methods of preventing the
damage they do to those crops have
never been very satisfactory, but it has
been found that they and some other
soil-inhabiting insects can be destroyed
by treating the soil with new insecticides. Benzene hexachloride and lindane are eiïective against them but
cannot be recommended for use as soil
insecticides because they are likely to
impart a disagreeable odor or flavor to
the crop or to succeeding crops.
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The Louisiana and South Carolina
Agricultural Experiment Stations have
conducted extensive tests with soil insecticides for the control of the southern corn rootworm, the sand wireworrn
and the seed-corn maggot as pests of
corn. Following successful results with
chlordanCj they recommended it in
1950 for the purpose, wûth certain reservations, and it has been quite widely
used by Louisiana and South Carolina
farmers. The chlordane is applied in
the drill rows at corn-planting time, at
the rate of i to 2 pounds per acre,
cither mixed thoroughly with the fertilizer, with old sawdust, or with sand.
One of the reservations is that chlordane should never be mixed with fertilizer containing lime or any other alkaline material. More information is
needed on the possibility of injury of
one kind or another, such as adverse
effect on flavor, from the use of chlordane or other organic insecticides on
food and feed crops. Attention is also
called to the precaution that if fertilizer is to be the carrier of the chlordane
or other organic insecticide the mixture
should be used within 2 or 3 weeks after
processing. There is a possibility that
deterioration of the insecticide may result from longer stoj:agc.
A single application to the soil surface of 2 pounds of aldrin or 25 pounds
of toxaphene per acre is recommended
for control of the southern corn rootworm on peanuts. Aldrin is applied as
a 2.5- or 5-percent dust and toxaphene
as a 10- or 20-percent free-flowing
mixture.
VARIOUS

SPECIES

OF

WIRE WORM S

are pests of cereal and forage crops in
different parts of the country. These
are small, yellowish or brown worms
about I inch long and are immature
stages of click beetles. They live in the
soil and injure plants much as the
southern corn rootworm does. As I
mentioned in the discussion of that insect, it is known that material damage
to corn by certain species of wireworms
can be prevented by the use of chlordane as a soil insecticide.

British and Canadian workers have
reported good protection of small
grains and corn from wireworms by
treating the seed uniformly and thoroughly with a dust containing from 20
to 40 percent of purified gamma benzene hexachloride (BHG). This can
also be combined with a f ungicidal dust
for protection of the grains from certain fungus diseases as well as wirew^orms. Only dusts containing purified
gamma BHG should be used because
the crude BHC is harmful to germination. Depending on the quantity of
seed to be sown per acre, enough of the
dilute dust is applied to the seed to
provide i ounce of actual BHG per
acre. Not more than i ounce of this
ingredient should be used per bushel of
seed. Thé seeding rate of grain should
be reduced about one-fourth in fields
where, in the past, a heavier than normal rate has been used to overcome
the effects of crop thinning by wireworms. Otherwise the stand may be too
heavy for best yields, especially in dry
years. The seed grain should not be
treated more than a week or two in
advance of seeding, or germination
may be lowered. Planting of treated
seed in dry soil should be avoided.
THE RED I-IARVESTER ANT and the
mound-building prairie ant are prevalent in the Southwestern States, where
numerous bare spots in fields of alfalfa
and other crops indicate the location
of their large colonies and the damage
they do. Similar bare spots in Texas and
Louisiana may signify the presence of
Texas leaf-cutting ant colonies. All
three of these species are pests in dooryards and farmyards as well as in crops.
The harvester ants clear all vegetation from the ground around their
nests, and use the seeds for food. The
leaf-cutting ants also denude the
ground around their nests but carry the
foliage to their nests to serve as the
medium on which to grow a mold
which they use for food.
When properly and persistently applied, various insecticides have been
used effectively against all three species

Cereal and Forage Insects
for many years, although complete
eradication of colonies is very difficult.
More recently dieldrin, chlordane, and
methyl bromide have been added to
the list of chemicals found useful
against them. One of the most effective
and easily applied insecticides is a dust
containing 2 percent of dieldrin. For
a medium- or large-sized colony spread
about one-half pound of the dust thinly
in a continuous band 4 to 6 inches wide
to form a circle 5 to 6 feet in diameter
around the entrance tunnel of the nest.
For small colonies with a cleared area
less than 6 feet wide, place the band of
dust around the edge of the cleared
area and reduce the dosage proportionately. In irrigated areas apply the
dust as soon as possible after the surface of the flooded land has dried.
In the larger colonies new entrances
may be opened outside the dust ring.
Treat these entrances individually or
include them in the same ring with the
original entrance when making the
next application. Inspect all treated
colonies every 2 or 3 weeks, and re-treat
those showing activity, until all are inactive. Inspections can then be made
less frequently.
Apply the dust on warm days when
there is little wind, and rcnew^ the band
if it becomes broken or washed away.
In handling dieldrin special care must
be taken to observe the safety precautions given on page 271 or on containers.
A 5 percent chlordane dust applied
in the manner just described for dieldrin dust will give fairly good control.
It does not remain efl'ective as long as
dieldrin and more applications usually
are necessary to subdue the ant colonies. A 10 percent chlordane dust
sifted thinly over the cleared areas
surrounding colony entrances has
given good results in trials conducted
in the Rio Grande Valley by the Texas
Agricultural Experiment Station.
Methyl bromide has also given good
control of ant colonies in moist soil.
This fumigant is a licjuid sold in cans
which forms a heavy poisonous vapor
when released, and must not be in-
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Kaled. It is injected into the nest openings with a mechanical dispenser that
can be attached to the can. Apply 2
fluid ounces of the fumigant per colony
and pack the soil tight over the entrance hole to prevent the gas from
escaping. Methyl bromide is also sold
in small glass ampules that can be inserted and broken in harvester ant
nests with a special applicator.
THE SUGARCANE BORER damages
sugarcane, corn, and sorghum in the
Gulf States in much the same way as
the European corn borer injures corn
in the Northern States. The yellowish
white, brown-spotted larva is about i
inch long when full-grown and turns
into a small straw-colored moth. Although it is able to survive only in
tropical and semitropical regions, it is
one of the worst insect enemies of
sugarcane, corn, and sorghum along
the Gulf coast and in Florida, where
it produces several generations a year.
For about 10 years a full-strength
cryolite dust has been widely and profitably used against the sugarcane borer
in Louisiana. Four applications are
made at weekly intervals while the
first- or spring-generation borers are
hatching from eggs laid on the cane
leaves by the moths. The dust is applied with airplanes or ground equipment at the rate of 10 pounds per acre,
very early in the morning while the air
is still and the plants are wet with dew.
Where it is used to control the second
or midsummer generation the same
number of weekly applications are
made by airplane, the stand of cane by
that time being too tall and thick for
the use of ground equipment. For several reasons first-generation dusting is
preferable.
After several years of testing, a dust
containing á^o percent of ryania was
recommended in 1950 for use against
the sugarcane borer. It is applied at the
same dosage and in the same way as
cryolite.
AMONG THE ENEMIES that attack
sugarcane underground arc wircworms
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and several small soil-inhabiting insects
and related animals. The losses they
cause can be much reduced by deep
drainage of the soil, by the planting of
varieties that give thick stands of cane
and recover well from injury, and by
planting the cane in late summer rather
than in the fall in order to promote
rapid vigorous growth and the production of good stands of cane before cold
weather. Because of the difficulty of
completing the planting of large acreages before fall, the application of
these cultural control measures is not
always practicable. Investigations have
shown that stands can be increased
equally well by applying a i percent
chlordane or toxaphene dust at the
rate of 400 pounds per acre on the
seed cane as it is placed in the furrows
at planting time, and then covering it
with soil in the usual way. This method
of control would enable the grower to
plant his cane in the fall with confidence that insects and related pests will
not prevent the development of a good
stand.
PROGRESS is being made by entomologists and chemists in the Department of Agriculture, State experiment
stations, and industry tow^ard practical
control measures for a number of other
insect pests of cereal and forage crops
that have not been mentioned.
A few figures will show the importance of the investigations to the production of staple food and feed crops.
A billion dollars a year is a conservative
estimate of the annual losses caused by
the insect pests of these crops during
production and storage. The annual
losses caused by only a few of the insects, including the corn earworm,
European corn borer, chinch bug,
hcssian fly, and grasshoppers, during
the growth of the crops they attack,
total some 300 million dollars. That is
less than 3 percent of the farm value
of the crops. The additional losses
caused by the insect pests of grains and
cereal products while in farm and commercial storage are estimated to be in
the neighborhood of 600 million dol-
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lars a year. A billion dollars worth of
staple foods saved from destruction of
insects would feed a lot of ill-nourished
or starving people.
C. M. PACKARD is an entomologist.
He was in the division of cereal and
forage insect investigations. Bureau of
Entomology and Plant Quarantine, for
57 years and retired on September 30,
ig§o. Until igsy, when he was put in
charge of that division with headquarters in Washington, he worked
from various field stations on the
biology and control of cereal and
forage insects.
For further reading on cereal and forage
insects, Mr. Packard suggests some publications of the Department of Agriculture:
^ Bureau of Entomology and Plant Quarantine publications—E-51Q, Control of the
Pale Western Cutworm in the Southern
Great Plains Region, by H. H. Walkden,
1940; E-546, An Experimental Cooperative
Community Program for the Cultural Control of Bugs of the Genus Lygus on Alfalfa
Crops in the Mohawk Area of Arizona in
1939 and 1940, by Loyd L, Stitt, 1941;
E-yHo, DDT Sprays for Control of the Corn
Earworm and the Budworm in Sweet Corn,
by R. A. Blanchard, W. A. Douglas, G. P.
Wene, and O. B. Wooten, 1950; EC-14,
The Wheat Stem Sawfly and Its Control, by
E. G. Davis, J. A. Callenbach, and }. A.
Munro, 1950,
Circulars—494, The Texas Leaf-cutting
Ant and Its Control, by E. V. Walter, Lee
Seaton, and A. A. Mathewson, 1938; 732,
The Wheat Midge in the Pacific Northwest,
by Max M. Reeher, 1945; 850, Whitefringed Beetles and How To Combat Them,
by H, C. Young, B. A. App, J. B. Gill, and
H. S. Hollingsworth, 1950; 8/8, Pests of
Sugarcane and Their Control, by J. W. Ingram, E. K. Bynum, W.- E. Haley, and L. J.
Charpentier, 1951.
Farmers' Bulletins—1094, The Alfalfa
Caterpillar, by V. L. Wildermuth, 1922;
1668, The Red Harvester Ant and How to
Subdue It, by V. L. Wildermuth and E. G.
Davis, 1931; 1780, How to Fight the Chinch
Bug, by C. M. Packard and Curtis Benion,
^937y revised 1951 ; 1798, Control of Common White Grubs in Cereal and Forage
Crops, by P. Luginbill, 1938; 1850, The
Army worm and Its Control, by W. R. Walton and C. M. Packard, 1947, revised 1931 ;
^930,^ Prevention and Control of Alfalfa
Weevil Damage, by J. C. Hamlin, W, C.
McDuffie, F. V. Lieberman, and R. W.
Bunn, 1943; 1990, Habits and Control of
the Fall Armyworm, by Philip Luginbill
Í950.

Leaflet 284, Protect Your Garden Corn
From Earworms, 1950.
Mr. Packard also suggests the Clemson
Agricultural College {S, C.) Extension Circular 352, Use of Insecticides with Fertilizer
for Controlling the Sand Wireworra and the
Southern Corn Rootworm on Corn for 1950,
by H. A. Woodle and W. C. Nettles^ 1950;
and the following State Agricultural Experiment Station publications:
Connecticut {New Haven)—Circular
168:, Chinch Bug Control, ¿13; /. C. Schread,
1949Oklahoma—Mimeographed Circular M—
190, Insecticides for Grcenbug Control, by
R. G. Dahms, 1950.
Oregon, Circulars of Information—372,
Control of Weevil in Hairy Vetch Grown
for Seed, by L. P. Rockwood, M, M. Reeher,
D. C. Mote, E. C. Anderson, and H. A.
Scullen, 1946; 485, Control of Clover Seed
Weevil, by M. M. Reeher, L. P. Rockwood,
E. A. Dickason, and D. C. Mote, 1950.
Utah—Circular 125, Growing Alfalfa for
Seed in Utah, section on harmful insects,
by F. V. Lieberman, S. J. Snow, C. ]. Sorenson, and H. F. Thornley, 1950.
Wisconsin—Research Bulletin 1^9, White
Grubs in Cereal and Forage Crops and
Their Control, by T, R. Chamberlin and
C. L. Fluke, 1947,

Spotted cucumber beetle.

Carrot rust fly maggot.

Grasshoppers
/, R, Parlier

Grasshoppers have caused concern
among men since the beginning of recorded history. They have brought
fear and famine at one time or another
to every continent. A description of
their ravages is given in Joel 2: 3—
''The land is as the Garden of Eden before them, and behind them a desolate
wilderness, yea, and nothing shall escape them.."
Grasshoppers arc recorded as having injured crops in New England in
1797. In 1818 hordes of them destroyed
the crops of early settlers in the Red
River Valley in Minnesota. During
1874 to ^-^77 t^^ Rocky Mountain
grasshopper, or locust, as it w^as then
called, increased to such numbers that
its depredations were considered a national calamity. Great swarms originating in the plains east of the Rocky
Mountains in Montana, Wyoming,
and Colorado migrated to the Mississippi Valley and Texas^ devouring
crops wherever they paused in their
flights. Damage to crops amounted to
200 million dollars. Congress recognized the seriousness of the outbreak
and on March 3, 1877, created the
United States Entomological Commission and authorized it to investigate the
grasshopper problem.
Grasshoppers still destroy crops
somewhere every year and during outbreaks cause losses totaling millions of
dollars. Overgrazing by grasshoppers
is one of the fundamental reasons for
loss of productive grasslands in many
States. Grasshoppers contribute to soil
erosion and dust-bowl conditions, particularly when drought and mismanagement of the land also occur.
Grasshoppers are found all over the
United States, but serious outbreaks
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