SOME THINGS THAT THE OHOWEB OF CEKEAL AND FOEAGE CROPS SHOULD KNOW ABOUT INSECTS.
By F. M. WEBSTEB,
In Charge of Cereal and Forage-Plant Insect Investigations, Bureau of
Entomology.
ABUNDANCE OP INSECTS.

Insects^ outnumber all other forms of animal life inhabiting the
face of the earth. If the entire insect population of a single acre of
arable farm land, in any part of the United States, could be brought
together and carefully examined, hundreds of different kinds would
be found, some of them doubtless new to the naturalist, the majority
new to the farmer, but all either directly or indirectly affecting the
financial interests of the latter. Comparatively few of these insects
would be found actually to prey upon the grain or grasses over this
limited area, the remainder being enemies either of the few destructive species or of each other. But the farmer himself would probably
know little regarding the habits of any of them, despite the fact that
he may have spent the most of his life in their midst, and sustained
greater or less annual loss by reason of their ravages.
liACK OP KNOWLEDGE OP INSECTS AND THEIR HABITS.

The business of farming has made immense strides within the last
fifty years, but advancement in a knowledge of insects has not kept
pace with this progress. Indeed, the modern farmer who plants his
grain with a grain drill, harvests it with a self-binder, and thrashes
it with a twentieth-century steam thrashing machine probably knows
little if any more of these insects than did his grandfather, who a century ago sowed his grain broiidcast, reaped it^with a^ hand sickle, and
thrashed it with a nail. Inconsistent as it may appear, not one
farmer in ten has even a business acquaintance with these insects that
may cost him anywhere from 5 per cent to 95 per cent of his crop.
This apathy in regard to insects is doubtless due in part to their
generally minute forms and obscure habits of life. But much of it
is due to the innate propensity of men in general to consider the
ravages of insects as insurmountable and incomprehensible phenomena of nature, like storms, floods, or unseasonable frosts, that must be
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accepted without question and without recourse. Indeed, in the
minds of some they are dictated by a Providence whose acts are final
and above question. Precisely a similar opinion relative to smallpox
was held by the old Arabian physicians and by medieval schools.
A better knowledge of some of the fimdamental principles governing insect life and development than at present prevails would teach
the farmer that insect depredations are not to be placed in the samé
category with floods, storms, and unseasonable frosts, all of which
are natural phenomena, not influenced by the acts of man. Ravages
of insects, though natural, arc in many instances the direct results
of man's efforts to bring large areas of country out of a state of nature
into a high state of cultivation. To destroy hundreds of kinds of
plants, growing over large areas of country, replacing these plants
with a selected few and increasing the productiveness of these to the
greatest extent possible, is agriculture itself, and though it is practically feeding the civilized world, it is nevertheless directly contrary
to the long-established natural order of things.
WHY INSECTS BECOME DESTRUCTIVE.

There is no such thing in nature as a destructive insect. The purpose of insects is, so far as can be determined, to hold plant life in
equilibrium, preventing one kind from crowding another out of existence, precisely that which the farmer is, and of necessity, trying his
best to do. That this is true is shown by the extreme immunity from
insect ravages of newly or sparsely settled sections of country.
If we select one thousand farmers and their families, scattered
over a considerable section of country, we shall find them generally
vigorous and healthy, rarely with contagious diseases among them,
and these usually confined to a single family. Their dwellings and
mode of living may or may not be especially sanitary. If we collect
these families together and establish them on a much smaller area,
in a city, though we may not have removed them from their particular section of the country, we shall at once have to establish sanitary
regulations for their protection from disease. Every farmer knows
from his own experienqe that stock of all kinds thrive better and are
less subject to disease if kept in small flocks. Now, the farmer displaces the native, perfectly adjusted flora with his closely allied economic plants, that have been rendered less hardy by long-continued
artificial selection and cultivation, which tend to make them even
more acceptable to these insects than their coarser and more woody
native food plants. Not only this, but owing to his agricultural
methods this displacement more often than not occurs just at a season of the year when a supply of food is essential to the life of
the insect itself. Thus, over wide expanses of country, he is continually subjecting his grains and grasses to conditions under which
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neither he himself nor his domestic animals would best sustain life,
and, furthermore, he offers these no protection from their natural
enemies, whose province it is to repress just such an abnormal development of a few plants at the expense of the many^. In fact,
without intending to do so, he invites attack from their insect enemies
while offering no protection therefrom.
The advance of the white man across the country from east to west,
with the opposition offered by the dusky aborigines, furnishes some
of the most interesting pages of American history ; but it is the insect
problem transferred to a higher .sphere of life, and no one has ever
thought to liken the Indian outbreak to a hailstorm or to a May or an
August frost. The white man killed or drove out the Indian, because
he wanted the land on which to grow grain and fodder crops to feed
himself, his family, and his domestic animals. The insect attacks
these crops because the white man has neither killed nor driven it
out, but has taken away its original food plants and given it others
which it eats in order to escape starvation. The Indian had little
trouble with the insect.
NEGLIGENT FARM METHODS FAVOR DESTRUCTIVE INSECTS.

Farmers have aggravated the situation by leaving uncultivated
areas interspersed among their cultivated fields. These areas may be
the margins of such fields, along fences or roadsides, or neglected
patches, which, on account of their stony soil, or perhaps through
other causes, remain uncultivated and neglected year after year.
Neglected Osage orange hedges (see PI, XXX, fig, 1), with the usual
equally neglected grass land along either side, form most attractive
places for the chinch bug to pass the winter, and in the West destructive outbreaks of this pest have been traced directly to them. In the
East outbreaks of the army worm are frequently to be traced directly
to the densely grassy roadside, fence row (see PL XXXI, fig. 1), or
neglected orchard. The writer has seen whole fields of spring-sown
oats destroyed by caterpillars of a small moth {Cramhus) that
hatched from eggs deposited in the neglected ground along a fence.
In a study of the outbreaks "of grasshoppers, made by two assistants,
in Washington, Pennsylvania, and New York, during 1908, it was
found that these insects invariably originated in neglected patches
in cultivated fields or else in the waste lands in the near vicinity of the
borders of such fields, and the young fed there until they were able to
make their way to the crops (PI. XXXII). As a rule the farmer
seems not to understand that in all of these instances he has the enemy
of his crops concentrated in these areas and can fight them there to a
greater advantage than he can possibly do after they have become
winged and widely spread in his meadows and grain fields, and he
2—67563—YBK 1908
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pays no attention whatever to them until after the pests have got
beyond control, when he suddenly awakens to the extent of his trouble
and writes either to this Department or to his experiment station for
instantaneous relief, which can then seldom be afforded him.
SOURCES FROM WHICH DESTRUCTIVE INSECTS HAVE ORIGINATED.

Having shown that the farmer, in his efforts to provide food for
the people of his own country, as well as many in foreign lands, has
himself brought about the present conditions relative to insect ravages
among his crops, it will now be necessary to point out some contributing factors before taking up the question of the kinds of insects involved. It so happens that, Indian com excepted, all of our cereals
and cultivated forage plants were, at one time or another in the
early days of settlement, introduced from the Old World. It was but
natural that the first settlers should bring seeds and grains from their
trans-Atlantic homes, and that they should bring also hay and straw
as packing for their domestic utensils.
In the seeds and grains have been brought also a number of destructive insects infesting them, which have thrived and spread over the
country, many of them attacking not only the seeds and grain in store,
but also the grain fields to which they have escaped before harvest.
With the straw or grass packing have come also a number of species
of very destructive insects, and these, too, have escaped to the fields and
spread out over the country, attacking and destroying cereal and forage crops, becoming as bad as in their native country, or even worsç.
Thus it is that the farmer has at present two kinds of insect pests
with which to deal : One class composed of native insects forced to
change their food from the native to the introduced grass plants and
grasses, and the other class composed of insects introduced accidentally
with these plants in some form or other and in or with articles of international commerce.
To these two classes the farmer may assign the insect pests of his
crops; and, as has been shown, both have arisen from acts of his own
or of his ancestors. For the enormous increase in numbers of these
insects, he has only to thank his efforts to increase the acreage of the
food plants that he annually provides for them, without, at the same
time, putting forth any efforts to counteract the increase of the insects.
The prime causes that result in insect depredations being such as
have been shown, it necessarily follows that the farmer must have
some knowledge of the nature of these pests before he can hope to
overcome the effect upon them of the advantages that his farming
operations have given them. The first thing that he should underr
stand is that the number of insects that actually destroy his crops is
comparatively small, while the number engaged in holding them in
check is enormous.
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1.-A ROAD BETWEEN TWO FARMS WITH NEGLECTED HEDGES ON EITHER SIDE,
AFFORDING AMPLE PROTECTION FOR DESTRUCTIVE INSECTS DURING WINTER.

FiQ. 2.—ROAD

WITH WELL-KEPT HEDGES ON EITHER SIDE, ALL VEGETATION BETWEEN
CLOSELY MOWN OR PASTURED.

[This affords the least possible protcttioii for ilLSlruetive insects during winter.]

Yeaibook U. S. Dept. of Agriculture, 1908.
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FIG. 1.—POORLY KEPT ROADSIDE WITH RAIL FENCE OVERGROWN WITH BRAMBLES, THUS
AFFORDING PROTECTION FOR LARGE NUMBERS OF DESTRUCTIVE INSECTS DURING
WINTER.

FiQ. 2.—A

WELL-KEPT ROADSIDE, OFFLHING THE LLAöF PROTECTION POSSIBLE FOR
DESTRUCTIVE INSECTS.
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1.—WHEAT

FIELDS IN EASTERN WASHINGTON, DESTROYED BY GRASSHOPPERS OI:IGI.\ATING IN THE ROCKY,
NEGLECTED RAVINE LYING BETWEEN THEM.
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2.—WHEAT

FIELD IN EASTERN WASHINGTON, DESTROYED BY GRASSHOPPERS ORIGINATING IN A
BORDERING UNCULTIVATED FIELD.
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RELATIVELY SMALL PERCENTAGE OF DESTRUCTIVE INSECTS.

Probably not 5 per cent of the different kinds of insects that inhabit a farm are injurious, while many times as many are the farmer's friends, because they are engaged in destroying the pestiferous
ones. In fact, the two prime elements in restraining insects are their
natural enemies and unfavorable weather. It must be remembered,
however, that weather affects both friends and foes. Probably many
outbreaks of insects are due not to weather conditions especially
favorable to the pests, but rather to those conditions fatal to their natural, enemies; relieved of the restraint exercised by their enemies, the
species at once develop in myriads and destroy the crops of the
farmer.
DESTRUCTIVE INSECTS CLASSED ACCORDING TO METHODS OF FEEDING.

Destructive insects may be divided into two classes, according to
the nature of the mouth parts. This is especially important from an
economic point of view. The grasshopper, being provided with jaws,
can be killed by poisons. The chinch bug, with a sucking mouth, can
not be killed by poisoning. The first eats its food, as do the higher
animals, while the other sucks the sap from plants, as a mosquito
sucks blood, and poison applied to the surface does not go into its
food at all. The so-called " green bug " feeds by sucking and consequently can not be killed with poison. If the farmer will watch an
insect for a few minutes, to see whether it gnaws its food or sucks
the juices, he will learn whether or not he can poison it.
METHODS OF REPRODUCTION AMONG DESTRUCTIVE INSECTS.

Most insects hatch from the egg as larvse or " worms," having jaws
and gnawing their-food; but others, like grasshoppers and chinch
bugs, hatch out as small " baby " insects which feed and grow to their
full natural size. In the case of those young which are wormlike
and hatch from the egg^ the worms feed and grow in size, and when
they change to the fully developed insect they are as large as they can
become. Indeed, in many cases all of the feeding is done in the worm
stage. Thus, the Hessian fly (fig. 3) itself is not known to feed at all.
The army-worm moth (fig. 4) is as big when it comes from the chrysalis as it will ever be, and the only food it can possibly take is the
nectar from flowers, and it is not known to take even that. So, then,
in case of cutworms, army worms, the Hessian fly, joint-worms, and
many others, the adult insect is harmless. In fact, many of them do not
feed at all, the feeding and growing period being confined wholly
to the larval or worm stage of development. The male insects die
soon after pairing, and the témales as soon as they have deposited
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their quota of eggs. Insects do not survive through a series of years and
lay eggs year after year, as fowls and other birds do, but when their
single supply of
eggs is exhausted
they die. The egglaying period may
be prolonged, however, covering many
days, or even a
month. With the
so-called "green
bug," Toxoptera
(jraminunb ( fig. 5 ),
and other aphides
reproduction is carried on in two ways.
The young hatching
from over-wintering
eggs in spring are,
all of them, females,
and when they beYiG, 3.—The Hessian fl^ (Mayetiola destructor) : Adult
come full-grown, in
female. Much enlarged. (Author's illustration.)
about a week, they
give birth to their young, which are also all females ; and this goes on
generation after generation until late summer or fall, when some of
the young that are born
grow up females and
others males, but the female produces eggs instead of young.
Occasionally she will do both,
first giving birth to several young and then depositing eggs. Precisely
as with exclusively egglaying insects, they produce but a single generation and then perish.
The time required to produce their young may be FIG. 4.—Army worm {Heliophila unipuncta) : a.
Adult moth or miller; 5, larva or army worm,
prolonged, but once their
with eggs of tachinid parasite on back; c, pupa.
single supply has become
Slightly enlarged. (Author's illustration.)
exhausted they soon die.
This double method of reprodutîing among insects is not
common, however, and the farmer is not likely to have to deal
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with it except in cases of the " green bug " and " lice " on the
roots of corn.
THE TIME OF OVIPÖSITION AMONG DESTRUCTIVE INSECTS.

In the case of many insects witih which the farmer has to deal, the
eggs are deposited in spring or early summer, but the life history of
the different kinds starting thus may differ greatly. In the case of
the Hessian fly the eggs hatch within a week, and there is more than a
single generation before winter, which is passed in an almost fully
developed stage, only a few warm days in spring being required to
bring out the flies. In the case of the white grub, or " grubworm,"
the eggs are deposited in June in the northern parts of the country,
hatching in about a month, but it is generally believed that the fully

FIG.

5.—The spring grain-aphis or " green bug " (Toxoptera graminum) : a. Wingless female ; t, larva; c, pupa. Much enlarged. (From Pergande.)

developed insect does not appear until two years from the following
spring. The development of the wireworm is practically the same.
With the clover-leaf weevil (fig. 6), eggs are laid about the same time
as those of the Hessian fly, but there is only a single generation, anr'
the insect passes fully three-fourths of the year as an adult. With
the western corn root-worm, Diabrotica longicornis (fig. 7), the eggs
are laid during September and possibly early October, but they do
not hatch until the following May. In the case of the southern corn
Tooi-V70vm, D. 12-pùnctata (fig. 8), the fully developed insect passes
the winter and deposits its eggs in early spring, but the young from
these develop to adults, so that there is another generation during
summer. It is essential that the farmer understand these facts, else
he is likely to apply repressive measures at the wrong season of the
year or, indeed, after the insect has done its destructive work and
escaped. From July to the following June, the time when the female
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deposits her eggs, the wheat joint-worm, Isosoma tritici (fig. 9), is a
small, helpless worm, generally in the stubble left in the fields at
harvest. In other words, for more than ten months of the year it is
at the mercy of the farmer, and he, knowing this, is in a better position than anyone else can possibly be for devising practical means of
destroying the pest before it has matured and flown away to other
fields.
INSECTS HIBERNATING ABOVE GROUND.

Insects hibernate or pass the winter either above ground as adults,
young, or eggs, or below ground as eggs or in the process of development. If they overwinter above ground as adults they usually

6.—^The clover-leaf weevil {Phytonomus punctatua) : a. Egg ; h, b, l, I, larvaa feeding ;
Cs recently hatched larva ; d, head of same from beneath ; e, jaw of same ; /, cocoon ;
g, meshes of cocoon ; h, pupa ; i, beetle ; /, same, in outline ; Tc, same, dorsal view ; h
tarsus of beetle ; m, antenna of same. Only j), f, i, natural size ; others more or less enlarged. (From Riley.)

FIG.

seek out, in the fall, grounds covered with matted grass or fallen
leaves, brush piles or similar places, shocks of corn fodder left
standing in the fields, old s^iraw or hay stacks, and the overgrown
Abaste lands along rail and hedge fences. (See PI. XXXI, fig. 1.) If
in the worm or larval stage, their wintering place is more often within
the stems of the plants they destroy or injure. The writer has traced
a disastrous outbreak of the chinch bug in wheat to neglected patches
of woodland lying adjacent, and less destructive outbreaks, also in
wheat, to bugs hibernating in outstanding shocks of corn fodder.
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Attention has already been called to the danger likely to result from
chinch bugs wintering over among the fällen leaves and matted grass
along Osage orange hedges on the western prairies, where there are
no woodlands to offer protection. The clover-seed chalcis, Bruchophagus funebris (fig. 10), a
very destructive enemy of
both clover and alfalfa seed,
winters over in the heads of
both plants growing along
roadsides and along fences.
Neither of these pests, which
cost the farmer in some instances the greater part of
his seed crop, could breed if
these places were burned
PiQ, 7.—Western corn root-worm (Diahrotica
longicornia) : a. Beetle ; 6, larva or root-worm ;
over or grazed off in sumc, enlarged leg of same; d, pupa. All enmer and fall. The cloverlarged ; c, more enlarged. (From Chittenden.)
flower midge, Dasyneura leguminicola, also breeds in the heads and winters in the matted grass
and rubbish on the ground, but this pest can not breed in these places
if clover is not allowed to grow there in summer and fall. (See PI.
yyx^ fig. 2; PI. XXXI, fig. 2.) The timothy joint-worm breeds in
the stems of this grass
growing on these
waste lands, winters
over in the stems, and
the fuH-grown insects escape to the
field and deposit
their eggs the following summer.
FENCES AS PROTECTION
FOB INSECTS.

Of all forms of
fence the zigzag rail
PiQ, 8.—Southern corn root-worm {DiabroUca 12-puno- fence (PL XXXI,
tata) : a. Beetle ; Z), egg ; c, larva ; d, anal segment of fig, 1), with the usual
larva ; e, work of larva at base of cornstalk ; f, pupa.
growth of brush,
All much enlarged except e, which is reduced. (Reengraved after Riley, except f, after Chittenden.)
brambles, and grass,
offers the greatest winter protection for destructive insects. Hedges
harbor nearly as many, while a stone wall is almost as bad. The post
and woven wire fence (PI. XXXI, fig. 2) offers the least protection.
If these waste places are kept cleaned up the danger will be obviated,
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and for keeping down the vegetation thereon there is nothing to compare with a flock of sheep. Given the range of the fields in the fall,
they will graze off this protection for insects and return a profit to
the farmer. This applies more especially in the East, where the

PIG.

9.—Isosoma tritici: Adult of the joint-worm. Much enlarged.

(From Howa'*^^.;

native grasses have given way to bluegrass, which does not burn
readily, as it remains green, and can be grazed off in late fall or early
winter by horses or cattle. West of the Mississippi Eiver burning
over is more practicable
than in the East, but both
measures are efficient in
breaking up these extensive
breeding and hibernating
grounds for many destructive insects. Burning over
in early winter, where this
can be done, is almost
equally effective in destroying all dead grass stems
containing insect larvae. A
FIG. 10.—The clover-seed chalcis {Bruchophagus
•funebris) \ Adult female, much enlarged; an- well-kept farm has a greater
tenna of the male at left, more enlarged. (Au- significance from an insect
thor's illustration.)
point of view than most
people even suspect. What has been stated relative to fences will
apply with especial aptness to roadsides, as the writer knows from
long years of experience and operation on nearly 2 miles of roadside
of his own in the Middle West.
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INSECTS HIBERNATING BELOW GROUND IN WASTE PLACES.

There are a considerable number of insect pests, and some of the
worst ones, too, that winter below ground, and hence no amount of
burning over or pasturing the surface will
have any effect whatever upon them.
Grasshoppers deposit
their eggs in the
ground in summer (fig.
11), and these eggs
remain in this position
until the following
summer. Eggs are not
placed in the ground
in cultivated fields,
11,—Rocky Mountain grasshopper or locust (Melanwhere cultivation FIG.oplus
spretus) : a, a, a. Females in difiCerent positions,
would destroy them,
ovipositing; h, egg pod extracted from ground, with
the end broken open ; c, a few eggs lying loose on the
but in the ground that
ground; d, e show the earth partially removed, to
illustrate an egg mass already in place and one behig
is never molested, such
placed ; f shows where such a mass has been covered
as roadsides,- fence
,, ^,
up. (After Riley.)
rows, rocky knolls, tne
borders of woods and the sides of open ditches, and from such places
the young, as soon as they are large enough to travel, make their way
into the adjoining fields of grain, grass, or alfalfa. But the trouble
is not always with the grasshoppers. The young of blister beetles

12.—Striped blister beetle (Epicauta vittata) : a. Female beetle; ft, eggs; c, triungulin larva; d, second or caraboid stage; e^ same as /, doubled up as in pod; f, scarabœoid stage ; g, coarctate larva. All except e enlarged. il>, g. After Riley ; a, from
Chittenden.)

FIG.

(fig. 12) feed on the eggs of grasshoppers in the ground, and we
may be reasonably sure of finding these grublike creatures below
ground in great numbers where there are grasshopper eggs in excessive abundance. But while the young of the blister beetles may

378

YEABBOOK OF THE DEPARTMENT OF AGRICULTURE.

destroy the eggs and thereby prevent an outbreak of grasshoppers,
the beetles themselves are likely to develop here in myriads and descend upon and destroy adjoining fields of either alfalfa or potatoes,
until they are almost as great a pest as the grasshoppers themselves
would have been. Now, the farmer ought to know these facts and
watch these waste lands. If young grasshoppers appear there in
abundance they can be disposed of, then and there, by the use of the
Griddle mixture or the poisoned bran <* placed on the ground where
the insects can get it, and not only will a grasshopper attack on his
adjacent fields be evaded, but also perhaps a later invasion of blister
beetles. If he saw a hawk trying to kill his chickens or a dog killing
his sheep, probably nothing but poor marksmanship would save
either one of these; but usually he allows the still more destructive
insects to develop and overrun his fields, at a loss of more or less
of his crop.
The clover root-borer, Hylasitinus obscurus (figs. 13 and 14), which
burrows in the red clover, often destroying whole meadows east of
the Mississippi River, winters over in the dead and damaged roots
below ground. In spring it makes its way forth and escapes to the
fields to lay its eggs in plants not yet infested. These eggs hatch to
minute grubs, which destroy the roots.by eating them through. ^ One
of their favorite breeding places is in such waste lands, and there they
constitute a continual menace to the adjacent clover meadows.
INSECTS HIBERNATING BELOW GROUND IN PASTURES AND MEADOWS.

There are several groups of insects that hibernate below ground
in pastures and meadows, and among them are some of the most
grievous pests of the farmer. The three most important are cutworms, wireworms, and white grubs.
CUTWORMS.

Cutworms, of which there are many kinds, are the young of heavybodied, usually more or less dusky-colored, moths or millers that
hover about the lights during hot, muggy nights in June and July,
especially when a storm is threatening. Indeed, this habit has« won
for them in some parts of the country the common name of " candle
flies." The habits of these cutworms are very much alike, and for
practical purposes they may be here considered as one. The eggs are
deposited in summer by the moths or millers, and, as they are pri<» Griddle mixture is made by mixing 1 pound of Paris green with 5 ordinary
pailfuls of horse droppings, moistening this with about a half pailful of water
in which 2 pounds of salt has been dissolved.
Poison-bran mixture is made by mixing 1 to 1^ pounds of Paris green with 100
pounds of wheat bran, moistening this with sweetened water to the consistency
of a stiff dough.
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marily grass feeders, these eggs are generally placed in grass lands.
In fact, this is the only way that the mother insect can protect her
offspring—by placing her eggs where the young
hatching from them will be the most likely to
secure the proper food supply—for before the
eggs hatch she will have died.
The young hatching from these eggs begin to
feed and increase in size, becoming partly grown
by late fall, usually descending below ground
and remaining there in a dormant condition.
With the advent of spring and warm weather
they become active again,
ascending to the surface
of the ground and feed- FIG. 13.—Clover rootborer
{Hylaatvnua
ing as they did the preobBCurus) : Adult
vious fall, only more
insect. Natural size
at right.
(Author's
ravenously.
Hence,
illustration.)
there are, as will be observed, as many of these cutworms in the
fields in the fall as there are in spring, or even
more, though the farmer seldom observes
them at all in the fall. Thus it is that grass
lands of long standing are the worst infested
by these pests in spring, and the most serious
loss to the farmer by reason of cutworms
takes place when he attempts to change from
grass to grain, more especially to a crop of
corn, A com crop suffers worse from these
ravages, because it is grown more sparingly
on the ground and the individual plant therefore becomes more important, and, besides,
the tender, succulent plants are in the best
possible condition to afford the most attractive food at thje time when this is most essential to the life of the partly grown, famishing
cutworms.
During a few weeks these cutworms continue to feed, after which they burrow into
the ground for an inch or so and there conFIG. 14.—0 lover root,
struct earthen cells, in which they transform
showing work of the
borer Hylastinua oö- to adults and make their escape. Now, the
'acurus. Slightly en- farmer can be sure of the stage in which
larged. (Original.)
these pests are to be found during the entire
year; he may inspect his farm and decide with reasonable exactness
just where they are, for their occurrence in grass lands is as natural
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as it is for Avatcr to flow down hill, and his whole, effort should be
to render these conditions as unnatural as possible. He may break
up the grass lands in summer to destroy the food supply of these
young cutworms in the fall ; he may break up the ground very late,
after the underground cells have been formed, thus exposing them
to the inclement weather of winter; he may cultivate the land early
in spring to complete the destruction of the food supply of the worms,
and he may destroy them by delaying his planting until they have
perished of starvation. If allowed to live out their natural life the
worms do their destruction and reach full growth by middle to late
May, when they descend just below the surface of the ground, again
construct cells in the earth, and pass into a stage requiring no food,
and no amount of treatment is likely to affect them. In a few weeks
the moths emerge from the ground and wander about, selecting suitable places in which to lay their eggs. It would seem that every
farmer ought to
recognize these insects at sight, but
frequently one will
be told that hot
days kill the cutworms because they
"bustopen" whenever the weather
gets hot.
Now, this insect
that bursts open is
not a cutworm but
the pupa of a large
FIG. 15.- -Tipula, or crane-fly, emerging from the pupa skin.
maggot, and the
About natural size. (Original.)
fully developed
adult is not a moth or miller but a large fly. The fly is known
to scientists as a tipulid fly or crane-fly (fig 15), the commonly
applied name being daddy-long-legs. In England the maggots
are* called leather jackets. These flies deposit their minute black
eggs in grass lands and also, in this country, in clover fields.
These eggs hatch out minute maggots which become partly grown
by the time cold weather begins; they then lie dormant in the soil
until early spring, becoming again active and feeding upon the roots.
When fully grown these maggots go into the pupal or nonfeeding
stage, and when the flies are about to emerge, which is usually about
the beginning of hot weather, these pupse push themselves upward
partly out of the ground, burst open, and the flies escape. This is
why farmers claim the cutworm bursts open when the weather begins
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to get hot. These maggots are destructive to clover and also to
grasses, doing damage which is frequently charged up to " winter
killing," and if badly infested clover lands are broken up late in the
fall and sown to wheat, the wheat is sometimes destroyed, in March,
by the maggots. Here is a case in which the farmer ought to know
the difference between these maggots and cutworms, because a practical repreöfeive measure applied to cutworms is worse than useless
in case of these maggots.
WHITE GRUBS.

The second group of destructive insects with which the farmer
should be familiar is the white grub, Lachnosterna^ or grub-worm,
as it is sometimes called. There are numerous kinds of these grubs
attacking grains and grass crops, all having much the same habits,
to some extent resembling those of cutworms. The fully developed
insects are, however, very different, being, instead of moths or millers,
large, brown, hard-bodied beetles commonly known as May beetles
or June bugs. These names are applied to them in different parts

FIG.

16.—^May beetle (Lachnosterna arcuata) x a. Beetle; t, pupa; c, egg; d, newly
hatched larva ; e, mature larva or grub ; /, anal segment of same from below.
a, &, e. Enlarged one-fourth ; c, d, /, more enlarged. (From Chittenden.)

of the country on account of their abundance during either one or
the other of these months. They sometimes swarm about trees in
the evening twilight, making a low murmuring noise, frequently
being attracted by the evening lamps, and come bumping and humming about the windows. The different stages of development are
shown by the accompanying illustrations (fig. 16).
The eggs are deposited in the ground among the roots of grass in
late May or June. These eggs are round, white, and about the size
of bird shot. They hatch in about one month, and the young grubs
feed upon the roots of grasses until cold weather, when they burrow
down into the soil and pass the winter, coming near the surface with
the warmth of spring. Here they feed throughout the summer and
in fall go down into the ground again and pass the winter there.
Coming near the surface again they feed as before until late May,
in the Northern States, when they go down into the ground again and
construct an earthen cell wherein they transform to the fully de-
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veloped beetles, and the following spring make their way up and out
of the ground. It thus follows that these grubs do no injury the first
year and very naturally are more easily killed by cultivation. Generally it is not until the summer and fall of the sçeond year that they
begin to destroy the grass or sod to any extent, while the third yjear
they do their greatest damage, especially if the ground is now broken
up and planted with corn.
As a matter of fact, the beetles are not attracted to newly seeded
grass lands in their quest for a favorable place to deposit their eggs.
True to her instincts, the mother beetle will select fields more densely
grown over with grass. We know this because it is the older grass
lands that suffer most from the ravages of these grubs. If, therefore,
the farmer will so rotate his crops as to allow but two consecutive
years in grass, it will readily be seen how the ravages of these pests
may be avoided, because, with little likelihood of his grass lands being damaged the first year standing, and the breaking ^up of the twoyear-old sod in the fall of the second year being exceedingly fatal to
the grubs that have hatched from eggs only a few months before,
there will be few or none to attack the young corn the following
spring. This measure has the advantage of being practical where
crop rotation can be carried out, and it will work out in practice as
well as in theory. It is usually in the case of old pastures that are
broken and planted with corn that the greatest injury is sustained.
In protecting the corn crop the farmer must bear several things in
mind. If he breaks the sod in midsummer and throws the grass roots
up to the hot sun and wind, the food supply of these grubs will be destroyed ; if he breaks very late, after the grubs have gone into winter
quarters, he destroys these to some extent and renders the conditions
very unfavorable for the remainder. If he allows no vegetation to
start on the land in spring until late, say the last of May in the latitude of northern Ohio, Indiana, and Illinois, and in Iowa, the weaker
grubs will be starved and the oldest will have passed out of the destructive stage and thus the corn plants will escape destruction. In
case of hillsides, where the land washes easily, summer pr fall breaking is to be avoided as much as possible. Here it is best to break the
sod very late in spring, say after May 20, for the latitude just indicated, and plant the corn immediately. This plan will eliminate the
oldest of the grubs, as these will have passed into the nonfceding stage,
while the roots in the overturned sod will suffice to keep the remainder
supplied with food until the corn has generally become too far advanced for them to injure it. In all of this the farmer has simply
been so shaping his agricultural methods as to render his fields as
nearly uninhabitable for the pests as possible, but he never can. accomplish this without a knowledge of the conditions best suited to
their necessities.
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WIEEWOBMS.

Wireworms are the offspring of click beetles, and though they
differ radically in appearance from the white grub, in all stages of
development, these pests must be managed in much the same manner,
because of very similar habits. They frequent the lower lands. Both
the worm and the adult insect are shown in the accompanying illustration (fig. 17).
CORN BILL-BUGS.

In the com bill-bugs we have a different life history and a variation in the nature of attack, but agreeing with the foregoing in that
they are the result of long-standing timothy and other grass fields or
swamp lands. Primarily, they
are not corn insects at all, but,
owing to the agricultural methods in vogue among many farmers, they are forced to attack
the cereal in order to escape
starvation. One of these socalled bill - bugs » which attacks
timothy is Sphenophorus vena-tus. It has no common name
and is hardly distinguishable by
the unscientific from several
other species. This does not
matter, however, as what may
be said of one will apply to the
others. The fully developed
beetle is illustrated in figure 18.
PIG. 17.—^The common wlreworm {MelanoIt is small, black, with a long
tu8 communia) : a. Adult or beetle; I»,
larva, or wlreworm ; c, anal segments of
snout, at the end of which are
same, more enlarged; d, pupa. All enthe mouth and jaws.
larged. (Original.)
In late May or early June the
female gnaws a minute hole in the stem of timothy, usually just above
the bulbous root, in which she places a small, elongated white egg.
This Qgg hatches to a robust, white grub with brown head and jaws.
Though working upward in the stem while young it later burrows
downward into the bulbous root, feeding on the substance thereof
and leaving the cavity thus made filled with excrement and bits of
stem, that when dry become a compact powder. Although this work
is usually done too late to affect the growth of the stem or the hay
crop, the feeding goes on in the stubble after the hay has been removed; the roots are killed, sending up no aftermath, and the dead
stubble may now be easily pulled up. Sometimes patches including
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several acres are killed out in this way. When the grub has become
full-grown, it leaves the stem and works its way into the surrounding
soil, where it constructs a cell and in this it develops to the beetle.
This does not, however, leave the field, but remains until the following
spring. If the field is allowed to remain in timothy the insects go
through the same operation the following year and the damage is
usually much greater. I^inally the farmer decides that something is
the matter and breaks up his meadow, generally in April, and plants
his corn early in May.
About the time the beetles are casting about for something to eat
and plants in which to lay their eggs, the timothy has been exterminated, the young corn has made a sufficient growth, and the plants are
punctured by the beaks of the pests, the leaves being riddled with
holes. Frequently whole fields are destroyed at this time and replantings are also ruined. In
this case a fresh supply
of food has been offered
just at the time when
the insect was in the
most dire extremity, and
nothing could have been
better devised to supply
its immediate needs.
Fall plowing, spring
cultivation, and a small
delay in planting would
have prevented the destruction, as the insects
FIG. 18.—Timothy bill-bug {Sphenophorus venatua) :
a. Adult, or bill-bug; b, egg; c, larva; d, work in would either have pertimothy stem, a, c, considerably enlarged; J>,
ished or been driven out
greatly enlarged; dj about natural size. (Original.)
of the field.
A similar but larger species of the bill-bug, Sphenophorus œqualis,
is in nature a perfectly harmless creature. It inhabits swamps and
marshy lands, feeding on reeds and rushes, breeding in the bulbous
root of Scirpus^ a reed with a three-cornered stem (fig. 19). But
as soon as the attempt is made to reclaim these swamp lands and
grow a crop of corn on this land trouble begins. In at least four
cases out of five the effort will be made to grow a crop of corn on
this land in the process of reclamation and before the original swamp
vegetation has been destroyed, and in very many of these cases the
crop will be ruined by the punctures of the beetles, made either for
the purpose of laying their eggs in the plants or for obtaining food.
If rye were to be sown as the first crop, and the plowing so timed as
to destroy the native swamp flora, the loss could be easily avoided.
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INFLUENCE OF WEATHER.

That insects, both injurious and beneficial, are much influenced
by the weather is well known, but frequently this influence is quite
the contrary to what is commonly supposed. Excessively cold
weather in winter is often said to be fatal to insect life, but this is
only in part true. In the northern parts of the country severe winters are not necessarily fatal to hibernating insects, provided the low
temperature is continuous. Here it is the occasional radical changes
from warm to very cold that are fatal, continuous cold being, if
anything, rather favorable to insect life. As we proceed southward, however, this condition changes, as in the warmer sections
insects are not fitted to withstand such abnormal conditions and are
more rarely able to
survive extraordinarily
low temperatures, and
when seasons with such
low temperatures occur
they are more or less
fatal to many forms of
insect life, though not
to all. In the northern
sections, then, whatever the farmer can do
to accentuate the effects of exposure and
FIG. 19.—Corn blU-bug (ßphenophoriM œqualia) : a,
changes in temperature
Adalt or beetle, enlarged ; 6, work of bill-bug in roots
of rush (Sdrpwi), natural size; c, larva, enlarged.
will be to his advan(Author's illustration.)
tage. If matted grass,
fallen leaves, and rubbish are cleared away in the fall, such insects
as hibernate above ground are driven to quarters less protected from
these sudden changes and from the cold, drenching rains. If such
places are burned over in late fall or winter, either in the North or in
the South, myriads of insects are destroyed, and thus the fatalities of
winter are much increased. Thus it is that, with insects only partly
developed and passing the winter below ground in earthen cells, if
their winter quarters are broken up or rendered more exposed to
sudden changes of temperature or to drenching rains, by fall or
winter plowing, the mortality will be increased.
For the same reason an exceptionally early winter is fatal to many
insects because it catches them unprepared. One of the best illustrations of this fact is afforded by the Hessian fly. An exceptionally
2—67563—YBK 1908-
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early winter finds millions of the maggots not sufficiently advanced
to withstand the winter, and if caught in this condition they perish.
On the other hand, a prolonged warm autumn, especially if extending into early winter, enables these millions of young to become so
advanced in development as to be able to live through the severest
winter. A prolonged cold, wet spring is very favorable for the increase of some of our most destructive insects, not perhaps because
they flourish best under such conditions, but because their natural
enemies are^ept inactive, and released from this restraint they
suddenly jump, as it were, into destructive abundance. Whenever
there occurs one of these cold, backward springs there is always more
or less trouble from attacks of cutworms, army worms, and various
kinds of aphides, or " plant lice." There will probably never be a
serious outbreak of the "green bug," Toxoptera graminum^ except
during a cold, backward spring preceded by a mild winter, especially
in the South.
The effect of dçenching rains is perhaps most pronounced (m the
chinch bug. The fully developed chinch bug will withstand almost
any-amount of rain, but when hatching from the egg a drenching
rain is fatal to the very young. In fact this is probably by far the
most powerful element of restraint governing the fluctuation of this
pest in numerical strength and destructiveness. So true is this that
it is impossible to predict an outbreak even a few weeks in advance of
its coming. As illustrating this point, myriads of young may develop
in the wheat fields, some little damage may be done, and the young
may all reach full development, thus indicating trouble in that section
another year. But these bugs lay their eggs in late summer and die.
If, when these eggs are hatching, there is a period of dry weather, they
will increase greatly and go into winter quarters in vastly greater
numbers. But if, during the few weeks while these eggs are hatching,
there are frequent drenching rains, most of the young will be killed
and all danger of this outbreak the next year, so apparent a few
weeks before, will have disappeared. Indeed the matter may go even
further and the fall brood go into winter quarters in numbers sufficient to render an outbreak in the wheat fields the following year
just before harvest seem inevitable. But the wintered-over bugs lay
their eggs in late spring and then die. Now, just at this critical point,
when there are millions of eggs to the acre in the fields, and these
eggs begin to hatch, there come drenching rains and the young are
killed to such an extent that there are not enough left to do any
injury, whereas had the weather during this especially critical though
very short period been dry, the bugs would have literally swarmed
in the fields and worked their ravages there.
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That winds have much to do with the dispersion of insects is well
known, especially when the breeding season is at hand and the females are on the wing. There can hardly be a doubt that the prevailing southerly winds in spring do much, in seasons of excessive
abundance of the " green bug," to spread the pest from Texas to the
northward and greatly aggravate its ravages there. This movement
is of course accentuated because of the continual advance of spring
from the South northward, thus furnishing a continually fresh supply
of food. If strong north winds prevailed at this time and the winged
females were driven in the opposite direction, the problem north of
the Red River relative to this pest would probably become far more
simple.
The Hessian fly offers another apt illustration of the influence of
winds. There may be in a neighborhood a field that has been very
seriously infested by this pest, while on either side there may be
others practically free from it. Now, at the time of the emerging
of the females, if there is a perfect calm the flies will wander out
from this field where they originated, in approximately equal immbers in every direction. But if just at this critical time the wind
blows continuously from a certain quarter, it will cause the flies to
drift with the wind, and to such an extent may this occur that fields
in the direction from which the wind is blowing may escape with
little infestation, while those in the opposite direction may be overwhelmed on account of the carriage of the whole force of flies in
that direction by the winds. The writer has several times observed^
fields to be seriously damaged through this cause, even where the
owner had taken every precaution, by late sowing, to keep his field
free of the pest, and so far as lay in his power succeeded, while
another in the opposite direction, who may have done little or nothing,
escaped with even less loss than his more enterprising fellow-farmer.
While all of these phenomena are perplexing, some of them even
to those who understand the nature of the insects involved and the
influences that direct them, very much of this obscurity and mystery
will disappear if the farmer will,only study and learn something of
these elements with which he is and always will be obliged to deal.
They are really not so much more complicated than those that confront him in the different varieties of grains, all of which have separate characteristics, and will grow and act differently on different
soils and in different localities. Nor do they differ radically from his
domestic animals, with which he must be familiar even to individual
traits in some cases, notably his horses.
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CONCLUDING

REMARKS.

These are some of the things that an up-to-date farmer must know
and understand in order to be able to meet and overcome the ravages
of insect pests in his fields. These outbreaks of insects are brought
about, very often, by his own agricultural methods, and where this
is the case he of all men should be able so to revise these methods as
to work to the disadvantage of the pests and eliminate more or less of
these enormous losses. But he can not hope to do this without a
working knowledge of the habits and ways of living among the things
he hopes to control.

