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REFERENCE has been made in the earlier pages to the influence
that the Old World fruits, vegetables, and nuts have played in
the development of American horticulluro. When the first settlers
came to America, as has been stated they found certain native fruits
and vegetables being used by the Indians, and these together Avith
other wild species were domesticated and used by the colonists.
Old World species were brought over from time to time as the colonists gained in experience and were added to the list of native
sorts, gradually forming the basis for our present American horticulture. The colonists had not gone far in the domestication of the
wild American species or in the introduction of those from the Old
World until they met with certain disease and insect troubles. Not
only did the native diseases and insects attack the cultivated fruits
and vegetables, but along with the importation of Old World species
came the diseases and insects which preyed upon them.
Coming down through the years covering the development of
American horticulture from Colonial times, there has been a constant increase, both in the number of species and the destructiveness
of diseases and insects and other forms of life that have preyed upon
the various horticultural crops. It was not until comparatively
recent years that active steps were taken to study the life history of
the many horticultural pests and in still more recent years to quarantine against the introduction of additional pests. During the
early days the demands for perfection in the product of horticulture
were not so exacting as at present, nor were the diseases, insects, and
other pests so numerous either as to species or as to individual
numbers. During the course of time, injury from horticultural pests
became so marked as to require concerted action calling for investigation to determine means of combating these pests.
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Numerous references in the following pages allude to both the
development and spread of horticultural pests and to the history
of measures formulated for their control. Marked progress has
been made in the control of diseases of such crops as asparagus, cabbage, beans, tomatoes, potatoes, peas, lettuce, celery, and spinach
through the breeding and selection of disease-resistant strains and
varieties. In many cases these resistant strains are exceptionally
vigorous and possess excellent marketing and edible qualities in addition to disease resistance. Just how far immunity from the attacks of diseases and insects may be obtained through the breeding
of resistant varieties and strains is problematical, but the progress
already made indicates wonderful possibilities.
Combination treatments to control two or more pests or more
than one type of infestation are being worked out, so that the
general control of horticultureal pests is constantl^r being made
more simple and effective. The development of special equipment
for spraying, dusting, fumigating, soil sterilizing, and various other
control operations has rendered more effective the various control
measures and resulted not only in effectiveness but in more economical treatment.
Similar progress has been made in the development of fungicides
and insecticides as well as in the improvement of their application.
Numerous disease and insect infestations have appeared and gradually spread over the entire country, but in most cases satisfactory
measures have been perfected before the spread has caused any very
great damage. AYith the more general acceptation and application
of control measures, infestation and injury become less and less,
and there is the possibility that in the course of time, when the
proper control measures are universally applied, infestation can
be practically eliminated. So long, however, as there are in
every fruit-growing neighborhood neglected orchards, and in every
vegetable section careless methods of control of the diseases and
insects of vegetables, w^e may expect a continuity of infection and
injury. Marked progress has been made in certain sections of the
country in the control of diseases and insects through the agency of
spray rings by which all the growers of a given community employ
one man to handle the spraying of the entire community. By this
method the fight against destroying agencies is timely in its application and is performed in the proper manner, with the result that a
higher degree of control is obtained than where the work is conducted individually.
The aid given the growers by the State agricultural colleges and
experiment stations in furnishing timely information on the control
of the various pests has had a marked effect. It is not too optimistic to suggest that in the course of years the work of combating the pests of horticulture may be so thoroughly organized and
conducted as to obtain practically complete control. The economic
factor of cost will undoubtedly remain through all time and must
be reckoned as a legitimate part of fruit and vegetable production
costs.
The consideration of horticultural pests as contained in the following pages has for convenience been divided into several groups as
follows : Fruit diseases and their relation to the fruit industry, fruit
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insects and their economic importance, diseases of vegetable crops,
the insect enemies of vegetables, the relation of nematodes to the
fruit and vegetable industries, and birds, mammals, and other animals in relation to fruit and vegetable production. Though all of
these contribute to the problem of producing marketable horticultural products, they have for convenience been treated more or less
separately in order that the reader who is interested in any one
phase of the problem may the more readily obtain the information
he desires.
The Influences of Diseases on American Fruit Culture
The diseases of fruits and fruit trees, the blights, leaf spots, rusts,
fruit spots and rots, root rots, and physiological diseases and winter
injuries have had an important economic effect on American fruit
and nut culture. The scientific research in plant pathology devoted
to solving the causes of these diseases, the life histories of the parasitic organisms concerned, the physiological disturbances involved,
as well as the study of remedial and control measures, have exerted
a profound influence not only on fruit culture but on other lines of
scientific research helpful to agriculture. It is almost equally true
that for the last 40 years American fruit growers have exerted a
dominating influence on the development of plant pathology.
At the meeting of the American Horticultural Society (previously
the Mississippi Valley Horticultural Societj^) in January, 1885, held
in connection with the World's Industrial Exposition at New
Orleans, La., a group of gentlemen met informally and urged the
then Commissioner of Agriculture, Norman J. Coleman, to start investigations on the diseases of fruits and other plants at Washington. This group consisted of Parker Earle, the president of the
horticultural society, his son, F. S. Earle, a horticulturist and trained
mycologist and plant pathologist, T, J. Burrill, S. M. Tracy, C. E.
Bessey, and others.^ Their efforts were successful. A mycological
section of the Division of Botany in the Department of Agriculture
was established July 1, 1886. A first report of this section and the
first of a series of reports followed in due course. Annual reports of
investigations, bulletins, circulars, and other publications have been "
issued from time to time ever since.^ So far as the writer ^ can determine there is no printed record of the informal action which, it is
supposed, had an important influence in causing Commissioner Coleman, who three years later became the first Secretary of Agriculture,
to start plant pathological work at the seat of the Federal Government. However, F. S. Earle, in a paper on "the fungoid diseases
of the strawberry " read at this meeting and printed in the report ^
made the following statements :
In closing these hasty notes, I wish again to caU the attention of the society
to the importance of securing some provision for the systematic study of the
fungi and their relations to our agricultural and horticultural interests. This
could perhaps be brought about through the instrumentality of the Department
of Agriculture, and, in fact, a beginning has already been made in this direction,
1 Conversation with the writer by T. J. Burrill at the University of Illinois in 188-8 and
subsequent conversation with S. M. Tracy, of the University of Missouri, at Washington.
2 Annual Report U. S. Dept. Agr. for 1886.
^ ,., . ^ ^ . , r^
8 Transactions Amer. Hort. Soc. for 1885, held at the World's Industrial Exposition at
New Orleans, La., pp. 51-52.
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as is shown by the carefully prepared series of water-color drawings of fungi
in the exhibit of that department in the Government building.
If the measure for establishing experiment stations in the different States,
that was advocated by this society at its meeting here two years ago, should
become a law, then this subject could receive the attention due to its importance by employing a competent person at each station to collect material
and make experiments under the direction of a central office, connected with
the Department of Agriculture if you please, that should be provided with
a complete library and all of the apparatus necessary for the most thorough
investigation.
Professor Riley, the entomologist of the Department of Agriculture, has
created a very similar system for conducting his researches, having his assistants located in different parts of the country.
Such an organizatiim as is here briefly outlined once established and we
could hope in time for results that would be of the greatest importance to all
the material interests of the country.

It should be noted that Mr. Earle's statement urged not only the
organization of research on plant pathology in the Department of
Agriculture, but also urged the establishment of experiment stations
in the different States, which will be discussed further on.
It is not easy to analyze historical movements 40 years later with
incomplete, scattered, and fragmentary records and no doubt with
much of the important thought of these brainy, far-visioned pioneers
in this field developed in unrecorded conversations. Putting all the
known facts together, however, there is little doubt that the action
taken by the men meeting at this great exposition was the culmination of a series of activities, scientific researches, horticultural observations, and conversations ; in other words, from one point of view
it was the end of a series of events as well as the beginning of another series. We may briefly summarize some of the most important
activities and conditions previous to 1885 which led to this action.
Ever since the days of Linnaeus and even to some extent before,
the science of botany had been steadily developing. Not only had
the higher plants been classified and named, but in even greater
numbers the lower plants including the parasitic fungi which cause
one class of diseases and many of the bacteria had been discovered,
named, and classified, and in a few cases eVen bacteria causing diseases of plants had been discovered, notably Burrill's discovery of
the pear-blight bacillus in America (1878-1880) and Walker's
bacterial hyacinth disease in Europe (1883-1899). Most of the investigations on the fungi up to this time had been made from the
standpoint of the fungus itself rather than from the point of view
of the disease it produced on its host plant.
A few men in Europe, notably Soraurer and Hartig in Germany,
Millardet and Prillieux in France, and Berkeley in England, were
studying plant diseases as such. In America, Burrill, beginning
his work at the University of Illinois in 1872, was the most conspicuous example, but by 1885 his pupil, F. S. Earle, also J. C. Arthur,
and perhaps a very few others had begun the study of plant diseases.
Discussions of plant diseases in literature date back to Bible times,
and the writings of Aristotle in Greece and Pliny in Rome are
sometimes quoted. There were several German textbooks previous
to 1850, and in 1854 to 1857 M. J. Berkeley, in a series of papers
which appeared in the Gardeners' Chronicle, gave the first general
scientific treatise in English upon vegetable pathology. In 1874,
however, Paul Soraurer of Germany published his "Hand Book of
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Plant Diseases " and Robert Hartig his book on " Important Diseases of Forest Trees." For the first time the student had an upto-date textbook. There were no American textbooks available at
this time on plant diseases and in fact no available textbooks in
English until several years later.
Plant physiology had been built up into a really great branch
of the science of botany. Mostly in Europe but to some extent
in America continued investigations on the physiology of plants
had built up a great amount of accurate, recorded information
and accessible literature on this subject. Many well-organized
textbooks—mostly European, largely German, but some American—
had become available to students and investigators of this subject.
On account of their influence on plant pathology the important
discoveries and methods of research developed by Pasteur and his
students in Paris and by Koch and his students in Berlin on the
bacterial diseases of animals deserves special mention. At this time
they were' just at the height of their activities in making their
phenomenal discoveries. Some of Pasteur's work preceded Koch's
slightly. Koch's great work on the bacillus of tuberculosis appeared
in 1885.
Another thing occured at that time which, undoubtedly, exerted
a profound and stimulating influence on the practical side of plant
pathology. This was the discovery by Millardet at Bordeaux,
France, of the efficiency of the copper sulphate-lime mixture, which
bears the name of Bordeaux mixture, in the treatment of the black
rot and mildew of the grape. Two native American parasitic fungi
of our wild grapevines, the black-rot fungus and the downy-mildew
fungus, along with the insect pest, the phylloxera, had been accidentally introduced into France with collections of American native grapes. Millardet, a verj^ able botanist, was employed by the
French Government to investigate these diseases. In the fall of
1888, almost by accident, he found that this copper-lime mixture,
which had been spattered onto some grapevines along the roadway
to prevent stealing of the fruit, had in some way prevented the
attacks of these two fungi. He followed up this clue by investigating the problem thoroughly from 1883 to 1885. By the aid of a
brass worker named Vermorel, who improved the Eiley or
Barnard nozzle by introducing the dégorger so that it would
spray this slushy mixture, the spraying of plants began in earnest.
It is difficult to estimate the far-reaching importance of this discovery.
Scientific plant pathology was fairly well started. Very little
Practical progress, however, had been made in controlling diseases
y spraying. Thousands of plant diseases were well known as to
their cause and even as to the life histories of the organisms. In
general, however, mycologists and plant pathologists, or the few
who could be called plant pathologists, were helpless when it came
to a demand for a practical remedy. It is not true to say that no
progress had been made up to this point. Sulphur had been used
for dusting against the rose mildew and a few other diseases. Liming of the soil had been found effective for clubroot of the cabbage.
Eradication was practiced with many diseases and rotation of crops
and various other cultural methods had been employed. Most of
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these methods were developed on purely empirical grounds without
any guidance whatever from the science of plant pathology or
mycology.
One thing is certain, namely, that the discovery of the effectiveness
of Bordeaux mixture against the vine diseases in France attracted
wide attention not only on the part of scientific men, but of horticulturists,, especially grape growers and fruit growers. As indicated
below, many devastating fungous and other diseases were prevalent
in the United States. The American grape industry, which had
been developing in the eastern United States along entirely new
lines with native American grapes, had become a really great horticultural industry. At first the grapevines were little attacked by the native fungous diseases, but as usual with extensive hew plantings, the
fungous diseases increased. Black rot and mildew had become so
prevalent as seriously to threaten the industry. These formerly
somewhat obscure native diseases mildly attacking the fruit and
foliage of the wild grapes had multiplied and spread to an alarming extent with the growth of the cultivated vineyards. The grape
growers were insistent that something should be done to help them.
The horticultural literature of that period contains frequent appeals.
In this connection it is not surprising, therefore, that the first efforts
of the newly established (1886) mycological section of the Division
of Botany were concentrated on the fungous diseases of the grape.
This continued for several years after the title of the section was
changed in 1887 to the Section of Vegetable Pathology, and in
1893 to the Division of Vegetable Pathology and Physiology.
These early pathological studies, however, were by no means limited to grape diseases. The very first report of the mycologists
treated of a newly introduced citrus scab in Florida, of pear blight,
celery diseases, potato diseases, and even diseases of grasses, and the
subsequent reports cover a wide range of the diseases of fruits and
vegetables and other cultivated crops and of forest trees.
About the beginning of this century, as the data accumulated concerning the knowledge of the plant diseases, and especially methods
of controlling them, it became increasingly evident that fruit
growers and farmers were not putting into practice to a satisfactory
extent the known methods of control. For example, the control of
apple scab by spraying had been very carefully worked out. So had
the control of grape diseases by the same methods. Control of
peach yellows by rooting out the trees and of pear blight by local
eradication and disinfection had been developed, but still many
orchardists were not fully practicing the methods which had been
discovered. This was equally true in other lines of scientific progress
in agriculture, not only in insect-pest control but also in general agricultural methods of crop growing, rotation of crops, etc. Seaman
A. Knapp was a pioneer in urging and developing demonstration
and extension work. It was evident that a new type of worker was
required in agriculture to make the knowledge available to the
farmer and to put this knowledge into practice. This movement
culminated in the Smith-Lever Act. There are now extension departments in the State universities and extension pathologists in
nearly every State in the Union.
Still another group of activities has called for action on the part
of plant pathologists and has resulted in putting into use accumu-
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lated research knowledge on fruit diseases. In 1910, Congress passed
the Federal insecticide act, modeled somewhat after the food and
drugs act and aimed at raising the standard of insecticides and
fungicides and preventing the interstate shipment of fraudulent or
misbranded materials for use in pest control. In 1912, Congress
passed the Federal plant quarantine act and provided for the appointment of the Federal Horticultural Board to enforce the same.
The Federal plant quarantine act was designed to prevent the introduction of foreign pests not occurring in the United States or not
widely distributed therein, and also to prevent the interstate movement of such pests. In the enforcement of both these regulatory
acts the science of plant pathology was applied to agriculture and
fruit culture and a number of plant pathologists were employed.
The States also have similar regulatory acts for the control of the
manufacture and sale of insecticides and fungicides as well as for the
control of the distribution of fungous and insect pests and other contagious material which can cause fruit diseases.
Plant Pathologists
T. J. Burrill, of the University of Illinois, may be regarded as
the pioneer American plant pathologist, one who studied the diseases
of plants and especially of crop plants from the standpoint of the
plant and its disease rather than from the standpoint of the fungus.
When the writer was leaving his laboratory to go to Washington in
the summer of 1888, he made, this statement : " There are only about
10 plant pathologists in the United States. There ^re many professional botanists and a good many mycologists who are studying the
fungi, but there are very few who are studying plant diseases, and
there is more work on plant pathology being done now at Washington than anywhere else in the country," or words to that effect.
It should be noted that this progress, with a single exception of
that made by Burrill himself, had all been made in the eighties. It
should further be noted that there were very few colleges which gave
the necessary training in mycology, bacteriology, physiology, and
general botany to equip a man for scientific research on plant
diseases, and none of the colleges had established courses in plant
pathology. This indeed was practically true for another decade, and
not until about the beginning of the present century or shortly after
were definite courses established at the colleges for training investigators in plant pathology.
The establishment and development of these special courses in
plant pathology by the American universities is now very general
and forms one of the epochs in the development of plant i)athology
in America. The colleges, therefore, have supplied the traiped men
to fill the positions created in the progress of this branch of application of science to horticulture and agriculture.
The group mentioned above, led by Doctor Burrill, as representing
the greatest concentration in 1888 of plant pathologists in America,
consisted of only four scientific workers—F. L. Scribner, B. T.
Galloway, Erwin F. Smith, and Effie A. Southworth. Professor
Scribner had just resigned as the head of this section and Doctor
Galloway was promoted to the leadership. The resignation of Pro91044°—26

30

460

Yearbooh of the Department of Agriculture^ 1925

fessor Scribner and «the promotion of Doctor Galloway and others
made a vacancy at the bottom of the list which brought the writer to
join this little force. The success of Doctor Galloway in organizing
and developing plant pathological work is so well known as scarcely
to need comment here. His further success jointly with his associate.
Albert F. Woods, in organizing the Bureau of Plant Industry in
1901, of which he became the first chief and Doctor Woods the
assistant chief, constitutes one of the striking develoiDuients of agricultural research in this country, if not in the world. The evidence
of the growth of this work is perhaps best presented in the number
of scientific workers engaged. iSTewton D. Pierce was added to the
staff in 1889, David G. Fairchild in 1890, Walter T. Swingle and
Herbert J. Webber in 1891. The importance of the early discoveries
in the cause and control of fruit diseases and of other plant diseases
made by these pioneer investigators attracted wide attention. Every
time a new treatment or new facts about a disease were worked out
the fruit growers called for more. By 1893, when Fairchild resigned
and Woods came to fill his place, there were nine scientific plant
pathologists at Washington. By 1900 this number had reached
about 20; by 1905 about 30; by 1910 about 40 scientific workers. In
the early days by far the greater part of the pathological work was
on fruit diseases and most of the increases were in fruit pathology
work, but later the whole field of plant pathology was covered, less
perhaps than half of this work was on fruit pathology prior to 1910.
By 1920 there were 209 plant pathologists on the officiai pay rolls of
the Bureau of Plant Industry engaged in research work, of which
182 were permanent appointments and 27 temporary; in addition, 9
were employed by the Federal Horticultural Board and 3 by the
Insecticide and Fungicide Board, making a total of 221 plant pathologists of the various grades from junior pathologists to the full professional grade.^ About 35 of these were engaged in fruit-disease
work. By 1925, 200 professional plant pathologists were permanently employed, about 40 of whom were engaged in fruit-disease
work. It should be pointed out that nearly half this force is now
permanently stationed in the field at various points over the country
and that 11 men are engaged in regulatory work. No attempt has
been made to give the figures for the assistants below the professional
grade. The laboratory and field assistants and the clerical force
involved probably somewhat exceed in numbers the professional
workers. In spite of this small army of investigators, and notwithstanding the progress which has been made in the 40 years of
research work at the Department of Agriculture, the problems
appear to come thicker than ever, and there is noV more call for
research work and investigation of fruit diseases, for example, than
there are workers to do it.
Plant Pathology at the Experiment Stations and Universities
Notwithstanding the impetus given to the study of fruit diseases
by the establishment of the section later made a division, devoted to
this work in the Federal Department of Agriculture it should not be
* These figures were supplied from official records by H. E. Allanson, assistant to the
chief of the Bureau of Plant Industry.
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implied that no progress had been made before that time. The
foundation had been laid and well perfected by the development of
the science of botany both in Europe and America and to some
extent elsewhere in the world. Furthermore, a very considerable
amount of work was going on in this country in the study of the
fungi and in plant physiological investigations and even in other
lines of soils, crop rotation, fertilizers, plant nutrition, etc., all of
which are helpful in pathological investigations. This work was
done mostly at the colleges and universities, but already there had
been established by several States special State experiment stations
separate from the colleges and devoted to agricultural research work.
Most of the attention of the early State experiment stations was
given, however, to chemical research on crops, soils, and fertilizers,
testing of varieties, crop rotations, and such matters. They were in
fact largely modeled after the famous Rothamsted station in England. At only one of these, namely, the New York Agricultural
Experiment Station at Geneva, was any pathological work being
carried out. J. C. Arthur held the position of plant pathologist
there from 1883 to 1885 and issued several reports mostly on pear
blight. Farmers and fruit growers and those interested in the
progress of agriculture evidently thought these stations were a good
thing, and agitation was begun for the establishment of a Federalaided experiment station in every State in the Union. Parker
Earle in a president's annual address at the Mississippi Valley Horticultural Society, New Orleans^ La., February, 1883, made a strong
plea for the establishment of experiment stations.^
There was rather widespread agitation for more experiment stations at that time and subsequently. Several bills were introduced
in Congress but none of them was enacted. On July 8 and 9, 1885,
as the result of a circular invitation sent by Commissioner of Agriculture Norman J. Coleman, a meeting of delegates from agricultural
colleges and experiment stations met in Washington for the purpose
of promoting and discussing the " fundamental truths of agriculture,
the question of agricultural experiment stations and the relation
they should hold to this department, the best methods of bringing
about Congressional action and of harmonizing the interests oi the
different State institutions and the Department of Agriculture."
This conference, although not resulting in immediate action, undoubtedly had a very great effect. These two instances are cited
merely as high points in the agitation which resulted finally in the
Hatch Act of March 7, 1887, and its amendment of June 7, 1888,
definitely establishing and financing the State experiment stations
beginning July 1, 1888.
In Commissioner Coleman's address ^ to the convention held at
Washington in July, 1885, he devoted one section to advocating the
study of diseases of plants. The Hatch Act specifically states " that
it shall be the duty and object of said experiment stations to conduct
original researches or verify experiments on the physiology of
plants and animals, the diseases to which they are severally subject,
with the remedies for the same." Provision was thus made for
B Transactions of the Miss. Valley Hort. Soc, 1883, fourth annual meeting, New Orleans.
I.a., February 21-24, 1883, p. 9.
^
.
« Proceedings of a Convention of Delegates from Agricultural Colleges and Experiment
Stations. U. S. Dept. Agr. Special Rpt. No. 9, 1885, pp. 11-12.
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eventually taking up the study of plant pathology in every State
in the Union. In general, this provision was well carried out though
not in all States from the start. There were not enough professionally trained plant pathologists to go around, in fact, if positions
were created at the stations. The colleges and universities, however,
especially those of the Middle Western States, began rapidly to supply the demand, and sooner or later every State experiment station
and university had one or more active workers conducting original
research in plant patholog}^
Two outstanding things have happened favoring the development
of research work in plant pathology since the general establishment
of experiment stations by the Hatch Act. The Adams Act of March
16, 1906, provided additional funds for each experiment station "to
be applied only to paying the necessary expenses of conducting
original researches or experiments." In the administration of these
additional funds many plant-disease projects and especially fruitdisease projects have been financed and developed. The other matter
of importance is the increasing amount of State appropriations
supplementing the Federal funds, thus greatly increasing the work
of the experiment stations, and in this development plant pathology
and fruit diseases have taken a large part.
Mention has already been made of the extension service and of the
Smith-Lever Act. This activity which is educational in its primary
aim has resulted in a considerable increase in the number of plant
pathologists at work in this country. Extension service, which was
initiated at Washington, is now almost w^holly decentralized and
handled in the States in connection with the State universities and
experiment stations. Most States now have a well organized extension department distinct from the regular university work on the
one hand and the experiment station work on the other. Some States
have added materially to the Federal appropriation for this
work and this line of activity has become a very important part of
the application of plant pathology to agriculture and specifically to
the control of fruit diseases. There are now extension courses at the
State universities, extension lectures and demonstrations in the field,
extension bulletins and circulars, news sheets and press service in the
newspapers and other printed matter, and especially during the
last five years dissemination of timely information and instructions
by radio.
Mention has already been made of the regulatory work by the
Federal Government on fungicides and insecticides under the insecticide act of 1910 and of Federal quarantine work under the Federal quarantine act of 1914. The Federal activities are limited to
materials or plant pests entering this country from foreign sources
or shipped interstate. But the States also have passed laws for the
control of insecticides and fungicides and for the control of plant
pests. While the Federal Government has control of the movement
of materials or pests from foreign countries and between the States,
so the States on the other hand haA^e control of materials or pests
which originate within their boundary. This principle is deeply
rooted in our fundamental laws; in fact, is provideci in the Constitution of the United States.
In some States the organization for handling the regulatory work
is located in connection with the State university or experiment sta-
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tion and in others it is located at the State capitol under the direction
of the State department of agriculture. Whichever plan is followed,
the fruit grower has at his service within the State a force of
trained plant pathologists and an organization devoted to keeping
his spraying materials and other insecticides and fungicides up to
a high standard, to preventing fraud in the manufacture and sale
of these materials, and also to protecting the industry from the introduction and movement of plant pests.
No attempt will be made here to assemble the data regarding the
personnel of plant pathologists in the universities, experiment stations, and State departments of agriculture engaged in research,
extension, and regulatory work. The increase in the number of
plant pathologists, though somewhat more recent, has exceeded the
number of workers engaged in the Federal service, and it is safe to
say that the number of these workers in the States is probably more
than double those in the Federal service.
General Effects of Fruit Diseases and Direct Losses
The reasons for the great development of plant pathological research in the United States during the last 40 years are mainly
two: (1) The destructive and sometimes even disastrous effects of
these plant diseases against a background of the very large size
and the newness of the industry, and (2) the enterprise, progressiveness, and openmindedness of the American fruit grower and
farmer, and those who represent him in Congress and the State
legislatures. Some evidences of the latter are indicated in the
historical sketch above. Some examples of the former may now
be considered.
At every meeting of State and other horticultural societies, even
of shippers and storage men, almost without exception the subject
of loss by diseases forms a prominent part of the discussions.
Peach yellows in the early eighties swept the Delaware-Chesapeake
peninsula and wiped out the orchards which were delivering to the
markets in a favorable year 7,000,000 half-bushel baskets of peaches,
and by the end of that decade drove eastern peach culture largely to
the near-by Blue Ridge and Allegheny Mountains. In the Michigan
peach belt certain districts were swept by the yellows until the peach
was nearly exterminated there. On replanting, this was repeated,
and sometimes it has occurred a third time. At present writing
this disease is on the wane, no doubt in part owing to the application of control measures by eradication, but certainly in part due
to unknown natural causes. (Figs. 202 and 203.) On the other
hand, two other peach diseases have assumed prominence—^the "little peach," which, like the yellows, has been checked somewhat in
recent years, and the "phoney" disease, a very little known and
as yet unclassified peach malady, but commercially serious, which is
slowly spreading over the great peach belt of Georgia.
Pear blight has been the most serious scourge of the pear orchards
of the eastern United States, wiping out the industry repeatedly in
the large sections during nearly a century. Later, it continued its
devastation in the Rocky Mountain orchards and finally in the first
years of this century it swept the Bartlett pear orchards of Califor-
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nia, exterminatinjí about a quarter of them before it Avas brought
under control. It is doubtless the greatest limiting factor in American pear culture and is scarcely less so at certain times on many
varieties of apples. The disease has not only caused immense losses
to the annual fruit crop and to the twigs and branches of the trees
^Yhich limits their
production, but shortens the life of the trees
and often wrecks
whole orchards or
orchard districts. It
practically wiped out
the LeConte pear industry as well as other
oriental pears in the
Gulf States in the late
eighties and early
nineties.
Researches
on this disease and the
life history of the bacteria causing it have
developed a fairh^ satisfactory method of
fighting it when conditions are not too
seriously unfavorable
and the variety of
pear not too susceptible, and efforts are being made to breed Resistant varieties ot desirable qualities and
resistant stocks to
overcome the collar
blight, body blight,
and root blight form
of the malady.
The various fruit
spots and leaf diseases
of the apple have constituted one of the
major jiroblems in
a])ple culture (figs.
204 to 210), especially
in the eastern half of
FIG. 202.—Typícíii poacli-yt'llows shoots, iiicliidinj
cluster oí shoots commonly called " nitchcs-hroom
the United States but
more or less both east
and west. Apple scab in cool, humid districts or districts where
there is a humid spi-ing has been a most serious pest. Apple
bitter-rot and blotch have been especially serious south of the southern boundary of Pennsylvania across the country from the Atlantic
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to the Great Plains. Apple cedar rust has flared up within tlie last
15 years in many apple districts of the eastern half of tiic United
States and has become a major disease demandinic urji'ent action.

-()'.'.—Method of contronin^- poach yellows hy oradicMtion. Many aeres of peaeh
orehaids liave been destroyed io the effort to eraclieate this disease, wliieli is uow
on the deeliue

FK;.

Even the arid and semiarid orchards under irriiration have not been
entirely free from fungous pests, for the apple powdery mildew has
attacked them to the point where it had to be fought vigorously.
Although these diseases
have all been brought
tmdcr control to a greater
or less extent, they have
all changed the rating of
otherwise desirable valicties. and they have all
taken a rather scA'cre toll
on the industry even
after practical methods
of fighting them have
liecn developed.
Furthermore, the cost of
lighting these diseases is
usually greater with any
given orchardist than all
taxes, Federal, State, and
county. In general, the
Cedar rust on an ai)i)l'
o])eration of controlling
them constitutes one of
the four or five major operations in the production of the fi'uit.
Peach brown rot (fig. 211) and to a somewhat lesser extent the
peach-scab fungus, as well as the leai-curl fungus, occupy even more
prominent positions in peach growing.
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The brown-rot fungus is relatively insignificant or almost absent
in the interniountain peach, plum, and cherry orchards, antl nearly
so in the Pacific coast orchards of California. Brown rot as a prune
disease, occurs to some extent in California, but increasingly so in
Washington and Oregon in spite of the dry summer weather. The
reason for this is that there is sufficient rainfall and moisture in the
spring for this fungus to attack the blossoms of primes and cherries; and again, the fall rains begin in time for it to attack the
ripening prune crop. The gumming fungus which attacks the peach

FIO.

205.—Cedar rust on tlio iiudersldi' of apple leaves

l-ic. 1200.—'I'lie t<rraiii;il
tnls Krowth of an apple branch, sliowinj; rosette. This Is a physiolosleal disease

and some other stone fruits finds the mild rainy winters of California entirely congenial. The spores of this fungus germinate during the late fall rains and seriously attack the twigs and the buds
and reach their climax during the blossoming period in the spring
just as the rains cease. It is fortunately rather easih' controlled by
a single dormant spray made in late November or early December.
The peach leaf curl is also able to survive Pacific coast conditions
since its spores germinate in the bud scales in early spring before
the close of the winter rainy period. It also is controlled by a single
dormant spray made at any time during the winter.
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The black rot (fig. 212), mildew, and other fungous diseases of
the grape have already been nientioneil. These are native Auiericau
diseases of our native wild grapes on •which they live witliout usually
jDroducing any very serious conilition. There is no more strilcing
illustration, however, of the influence of plant diseases on horticulture than the effect of these diseases in the humid eastern half of
the United States. These fungous diseases together with an insect
post, the phylloxera, have so far almost comj)letely preventeil tlie
cultivation of the iMiropean vine with all its choice varieties of more
than a thousand years of breeding antl selection in the Old World.
There is some question whether European gra])es will fully stand
the climate of the
eastern United States
even if these fungous
and insects pests Avere
not present. The hot,
humid weatlier of late
.June and July, especially the alternating
warm moist weather
with dry sunny
weather, presents a
jdiysiological
condition to which the vinifora grapes are not
ailjusted. But the
thing that ha]0]:)ens in
the Eastern States
when the phylloxera
root pest is avoided by
grafting on American
roots is that the blackrot fungus and tiie
downy mildew take
the A'ines in spite of
persistent spraying
with Bordeaux mixture. Even onr native
Flu. 1'07.—.\pple bitti-T-iut. sliuwiQ}? iuiections oí iiidiAmerican grajies are
AH1U:I1 fiiiits niid ;i iininuiiy rcsiiUiiiî; from the completo ilestruotioii of thu fruit liy tlie disease
.severely attacked by
these di.seases w i t h
more or less inci-easing severity to the southward, but as a rule the
pure natives arc less seriously attacked tiian those which have been
crossed with the European grajje and carry a fraction of the European strain. Varieties like the Delaware, Niagara, and Brighton are
more severely attacked than the Concord.
"West of the llocky IMountains all this is changed. The uniformly
dry, sunny summer climate furnishes exactly the conditions to which
the vinifera grapes are ])liysiologically adapted. In tlie main grajiegrowing districts of California, soil moisture is sup])lied by winter
rainfall supplemented in certain sections bj- irrigation. In other
districts irrigation is depended on primarily for soil moisture, Ijtit
the entire growing season is rainless or nearly so. Tlie black rot and
downy mildew, the worst two fungous diseases of the Eastern States,
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find conditions inii)ossibIe or nciirly so for their developniont. The
«ii'iipes are not entirely free from fungous diseases, however, since
the powdery mildevv' thrives under tliese special conditions.
Tlie apple cedar rust, formei'Iy called the orange rust of tlie apple,
furnishes a striking example of the importance of jilant diseases in
fruit culture. It also is one of the best illustrations, with its background of pure science, of the help afforded in controlling a serious
orchard pest. The fungus which causes this disease is native to
the eastern half of the Ignited States on the wild crab apjîles and

■ADIII

¡nfrcicd with, appli' hlotcli

lias its alfernate generation on the common red cedar. (See figs. 204,
'205, and '1V?>.) Scientific I'esearcli in mycohigy by Professors Farlow and Taxter at Ilarvai'd T^niversity, following discoveries on other
s]iecies of rust in Euro]x>, had given a prett}^ coni]ilete life history
of this fungus and its relation to the two classes of host plants. The
important facts are that this fungus lives part of its life, about
20 months, on the red cedar, that it comes into fruiting in the S])ring
of tlie year, then matures its spores and wind-blown sporidia. These
bodies can not live and multiply on the red cedar, but can attack
the wild crab apj^les, or some related si)ecies, and these only. The
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Fiu. 20i>.—Apples infected with scab. Tlie smaller specimen shows the deforming effect of this disease

FIG.

210.—Apple foliage infected with apple leaf spot (black rot)
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sporitlia from the red-cedar fungus, liowever, attack the young
leaves and fruit of the crab apples and related apples, forming on
them the orange-colored rust. The spores ¡produced in early sum-

Fii;. :ill.- -I'caches inieclod witb bruwii lot. 'ILis disouiie also aftV'et:^ liliiui.--, [>i
cliprilcs

and

mer on the apples can not attack the apple but can only live and
multijily by transferring to the red cedar. The fungus, therefore,
having lived about four
(nonths for one growing
season on the apple,
must go back to tlie red
cedar to reproduce and
complete its two-year
life cycle. It is necessary, therefore, for tlie
development of this disease to have not only
the rust fungus present,
but to have the red
cedars in reasonable
proximity to the crab
apples or their relatives. "When the cultivated apples of Old
World origin were
brought to America the
fungus was evidently
not adjusted to this
l-'KI 21:;.—niack rot of tlio snipe
new host ¡^^^iit. For
nearly 300 years after the settlement of Jamestown, the apple
was cultivated in the presence of the cedar-rust fungus without serio>is trouble. Then it began mildly to attack the apple
during the last few decades of the last century, becoming destructive
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only in a A-eiy few jilaces and on some varieties little used in liorticultiire. In the first decade of the present century it bepan to develop as a serious orchard pest on "Wealthy in the Middle States and
since 1908 on the York Imperial in Virf^inia, West Virginia, and the
Appalachian fruit district generally. It is now one of the major
apple pests in fruit districts wherever the red cedars are abundant.
Even before its attacks became serious, eradicating the red cedars
was suggested as a method of preventing this disease, and when
this fungus became abundant in the Appalachian fruit belt it was
again urged and is now being put into practice (piite widely but
by no means completely in the
vicinity of apple orchards in the
Eastern States.
In the irrigated intermountain orchards and those of the
Pacific Northwest the common
fungus fruit spots and leaf
blights of the eastern United
States are absent or almost entirely so on the pear and apple.
Essentially the same thing is
true regarding the common
fungous diseases of the peach,
plum, cherry, and other stone
fruits. The apple jjowdery mildew, only occasionally serious in
the Eastern States, constitutes
a rather prominent pest in this
district, often requiring special
spray treatment. There are two
different kinds of apple anthracnose peculiar to this region that
attack both the branches of
apple trees and the mature
fruit.
Aside from the two anthracnose diseases which make apple
cankers in the Pacific Xorth¡ialls on ivd CL'dnr, beAvest, there are some half dozen Kit;. 213.—C'odiu-nist
i^inniug tu I'xtide spores
other apple cankers attacking
orchards mainly in the Eastern States. The European apple
canker occurs in the extreme Northeast and extreme Northwest. The blister canker occurs more or less across the country east
of the Kocky Mountains, mainly in apple orchards to tlie southward,
but is most severe in the Mississijjpi Valley. The black rot and the
bitter-rot fungus both make apple cankers in the î^astern States,
the bitter-rot occurring mostly to the northward and the black rot
occurring both North and South. Fungous root rots of several
different species constitute a serious pest, especially in apjile and
peach orchards. Here again there are some half dozen different
species of fungi involved and it should be pointed out that these
root-rot fungi are able to attack trees in the desert, irrigated,
and in the Pacific coast orchards nearly to the same extent as in the
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humid regions, since the soil has to be supplied with moisture, either
naturally or artificially, for the orchards to thrive. Dry air conditions, therefore, are not a complete protection against this type
of pest.
The fungous diseases of citrus trees and fruits have long attracted
attention in Florida. The orange, both the round orange and the
tangerine, the grapefruit, the lime, and the lemon have a long list
of fungous pests, some of which are very serious. Citrus scab Mas
introduced into Florida from the Old AVorld about 1885 or shortly
before and constitutes one of the major pests of citrus fruits in
Florida and other Gulf Coast States (fig. 214). Citrus melanose is
regarded as an even more important fungous disease than the scab
fungus, and these two diseases require special spraying schedules
for their control. Some of
the most serious economic
diseases of citi'us attack the
fruits during the long period
while they hang on the trees
in winter or while they are
in transit and on the market. The melanose fungus,
though serious as a young
fruit and foliage disease,
is still more serious as producing a stem-end rot, and
in this destructive work it
is joined by another parasitic fungus, and these two
stem-end rots constitute perhaps the most serious pests
of this subtropical fruit industry. In California there
is another fi'uit rot called
brown rot which attacks the
lemon and has made no end
of trouble. These truly parasitic rots of oranges and
Flu. :;14.—Citrus sciib on yoiin;; citrus fruits
lemons are aided by another
rot fungus, a common blue
mold, which comes in and exaggerates the injuries but also further attacks fruits whose skin has been punctured or which has been
otherwise roughly handled or delayed in transit. The citrus canker
introduced in comparatively recent years (fig. 215) has never been
allowed to become very destructive, but it resulted in one of the
most energetic fights in the history of American fruit diseases.
Even among the bush fruits, the blackberries and raspberries, and
strawberries we find that each group has a special set of fungous
diseas-es of the fruit, foliage, and canes which constitutes a continual
source of annoyance and loss to the grower.
As already indicated in the case of the orange the troubles do not
cease after the fruit is picked. There is a large number of fungi,
some of which get their start on the fruit while it is still growing or
after it approaches maturity; others of which develop wholly after

m^
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pickinfî, but all of which attack the fruit Avhile it is in the packages,
in stora<re, in transit, or on tiie ninrkct. One of the recent features
of i)ro<iress in plant patliolofi^' has resulted in the study of tliese
fruit rots and causes of spoilajre in transit and storafie and on the
market. Some 30 fun<ri are found in this country attackinjr the apple alone while on tlie market. One of tiie interestiuir thiii<rs hioiifrht
out by this line of research is that all ordinary fruits, such as apples,
pears, peaches, etc., are virtually alive after they are picked. The
decay and spoila<re, therefore, are not to be looked upon in the same
light as the decay of
meats or other ¡prepared or cooked food
])roducts. but that the
decay and spoiluge of
fresh fruits is the problem of keeping living
material under living
conditions. This is
brought out rather
strikingly in the case
of the i)hysiological or
tionparasitic diseases
like apple scald, in
which the disease is
produced bj' the emanations of the apples
themselves in tightly
closed packages. The
remedy Avhich has been
found for this trouble,
riu. 1'15.—Citrus ciinker üu «rupefrult
namely, wrapping the
apples in oiled jiaper which absorbs the ¡poisonous gases, still further illustrates the fact that these fruits are living objects. Ordinarily, a dead apjile is a brown rotten ajjple and a dead spot on the
apple is a brown discolored decayed spot.
Physiological or Environmental Diseases
As indicated in the foregoing jiages, parasites are not the only
causes of the diseases of fi'uits antl other ])lants. Our fruit and nut
trees and vines grown in the open are subject to weather conditions
not only during the growing season but throughout the winter. As
our orchard fruits blossom and in most cases are dependent on insects for i)ollination during the uncertain si)ring weather and as
fruits and fiuiting plants are living things, they are keenly .subject to
their surrounding climatic and weather conditions. The main environmental factors influencing the diseases of fruits may be classified as follows : Weather conditions, such as temperature, moisture,
and light, and chemical conditions.
For each of these factors there may be an o|)timum condition at
wliich trees and plants do best; there may be adverse conditions beyond the ma.ximum or minimum at which they are killed or near
which they are permanently injured, prevented from fruiting, or
ruined connnercially. Conditions that are optimum for a tree or
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other plant, or adverse, as the ease may be, at one time during the
season, or during the life of the plant, may not be equally favorable
or unfavorable at some other time or at another period in the life
of the plant. The study of these subjects in relation to plant growth
is largely covered by the science of plant physiology and its special
branch, ecology. The study of the adaption of the various species
and varieties of fruits to these varying conditions forms an important part of horticulture. When critically unfavorable conditions are approached so that the plant is either killed, poisoned,
stunted, injured, or prevented from fruiting, the injured plant
and the causes which produced it become the subject of study by
the plant pathologist. These various factors not only produce
disease directly, but they also indirectly bring about susceptibility,
resistance, or immunity in varying degree to parasites. They have,
of course, direct effects on the parasites themselves just as they
do on the host plants.
In a general article of this character it is not possible to discuss
this extensive and complicated subject at all completely. Only a
few examples may be given to illustrate their direct effect in producing disease or their secondary effect in favoring parasites.
Teinp erature.—Everyone knows that temperature is all-important
to the life and health of a fruit tree and scarcely less so to the
condition of the fruit after it is picked, since;fruits are made up of
living cells. Winter injury to fruit trees and vines constitutes one
of the. great hazards of fruit growing. It occurs in almost endless varieties of types such as the killing of dormant buds of peaches
and other fruits, the killing of the trunks and bodies of the trees,
injury to the collars at the ground line, and the killing of the roots.
An important thing to note is that winter injury is not always a
matter merely of low temperature, though, it occurs more or less
habitually along the extreme northern border of the culture of each
fruit. On the other hand, it is usually due to a combination of
warm weather, perhaps abnormally warm weather, and a cold
spell which may even be very moderate. For this reason, winter
injury to peaches, or even to the trunks of the trees, is very common
in the Carolinas and Georgia, and winter injury to the trunks of
young cultivated pecan trees has occurred repeatedly in southern
Georgia and adjacent Gulf coast sections. The cultivated varieties
of sweet cherry are usually very hardy in western New York, southern Canada, and Michigan, but the trunks of young trees are very
commonly injured in the vicinity of Washington, D. C. In general,
the northern limit of the cultivation of any fruit is determined by
the minimum temperature which it can withstand. Along the northern limit of its range the tree is frozen to death or severely injured
by occasional extremely cold spells.
The upper surface of the large branches of fruit trees, especially
apples and peaches, when exposed by bending over with a load of
fruit or by overpruning of the center of the tree, are sometimes
so heated by the direct rays of the noonday sun in June and July
that the tissues are killed clear to the wood. The bark and cambium
are heated beyond the maximum temperature which they can endure.
They die either rapidly or slowly, often unnoticed, but a year or
two afterwards a great dead strip is found on the upper surfaces
of the limbs. The slightest protection by the foliage due to the
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position of some of the branches can often be observed to be a complete preventive of this trouble. This is the true summer sun scald.
An entirely different combination which has been termed winter sun
scald is due to very low temperatures, usually considerably below
zero, followed by bright, clear, intense sunny weather. This occurs
invariably on the southwest sides of the trunks of the tree, only
occasionally reaching up to nearly vertical branches and is considered
to be produced by the horizontal rays of the afternoon sun, around
3 o'clock, rapidly warming up frozen trees. This tj^pe of injury
is widely distributed, but is most common in our midwestern and
Rocky Mountain States where occasionally thousands of trees are
injured iix exactly the same position. It is sometimes complicated
with straight winterkilling from low minimum temperatures, but
winterkilling of the trunks occurs more or less indefinitely, or all
around the tree, or in the heartwood from the center outward.
Apples,. |>ears,' and occasionally other fruits are sometimes heated
by the sun in exposed positions on the tree to the extent that a circular area is actually cooked and a large round dead spot results.
Around the margin of such an area where the tissues are injured but
not killed and where growth is slightly checked the color in some
cases is higher than normal. In others, the red coloration is delayed. This sunburn of fruit is not very common. It usually occurs only at temperatures approaching or above 100° F. in the shade,
but the temperatures in the sun where this effect is produced go to
about 125° or 130°. The writer has observed it several times on
tomatoes and muskmelons in the Eastern States where the air temperatures reached 100° or a little above. There is little doubt that
the stunting effect of excessive heat is often produced without the
actual deadening or browning of the fruits. This injury by maximum temperatures is not limited wholly to fruits directly exposed
to the intense rays of the sun. Apples are often so heated, even on
the shaded inside portions of the tree that they develop water-soaked
and eventually brownish areas in the flesh and sometimes premature
breakdown of the fruit in storage. The foliage also may be checked
in a somewhat similar manner. Abnormally hot spells often injure
the foliage in varying degrees, causing the leaves to color slightly,
to die at the tips, and margins, and to drop prematurely. This injury may be associated with insect injury and is distinctly more
severe when the leaves have been subjected to too much moisture
during the period immediately previous to the exposure to heat.
Moisture,—Fruits as well as other plants require just the right
amount of moisture to do their best. As a rule, the various fruits
and fruit trees are more exacting as to their requirements for soil
moisture at the roots than for the moisture surrounding the top
of the plant or tree,
One of the trying conditions in humid America which often causes
plants, even those fairly well adapted, to suffer is a rainy, humid,
cloudy period, such as sometimes occurs in June or July during the
period of most active growth, followed by a very dry period. These
conditions are especially trying to young, newly formed foliage
which grows during the moist period with loose tissues and wide
open breathing pores adjusted to the limit to the humid conditions
and is then subjected for another period of perhaps two weeks or more
91044°—26
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to very dry air. Tipburn and margin scald have been observed
frequently to be a direct result of such conditions. Sickening and
yellowing of the leaves and permature dropping of the foliage sometimes long after the crucial period are often traced directly to these
conditions. The vinifera grape is a fine example of a plant which
apparently can not withstand such intense changes, though in case
of this fruit as well as many others the direct physiological effect
is often complicated by the presence of fungous diseases which seize
the opportunity of th^ moist weather to infect the plant to an abnormal degree.
An intensely rainy spell following an intensely dry spell is scarcely
less serious in many cases, especially to introduced European fruits.
It often causes the fruits to crack open from a trouble called rain
cracking. Japanese plums may sometimes crack in many different
directions over the surface so that the fruit is utterly destroyed.
Apples often crack at the calyx and at the stem end and sometimes
burst open completely from the stem to the calyx. The checking of
the growth of the outer layers of the fruit followed by sudden increase in growth and expansion of the interior by moisture is easily
seen to be the cause of such trouble.
Light.—Although fruit trees are not as sensitive to maximum
intensities of sunlight as certain ferns or mosses for instance, nevertheless, it is a factor which continually has to be kept in mind by
the plant pathologist. It is a question whether the powdery mildew
of the peach and apple, which are well known to be more severe in
the drier sunny regions of the United States, are not influenced as
much by too great intensity of light as by aridity. Another example
of the effect of light on a plant in health and disease is the gooseberry. This plant produces larger and healthier foliage and larger
fruit crops in partial shade.
Chemical conditions.—Although the fruit tree gets its carbon from
the atmosphere taken in through the breathing pores of the leaves
and separated from carbon dioxide through the energy of the sunlight, and though it gets its oxygen from the atmosphere, these are
constant factors which do not ordinarily enter into the question of
health and disease except in stored fruits, vegetables, plants, or cuttings which are smothered or otherwise abnormally treated in storage.
Fruit trees get their minerals and nitrogen compounds as well as
their water almost wholly from the soil, and these constituents occur
in varying quantities and proportions and have a profound effect
on the plant in health and disease. It is true that fruit trees may be
poisoned by gases emanating from factories, chemical works, smelters, etc., and perhaps in some rare cases from volcanic gases originating naturally. It is also true that in stored products chemical injury may result from various sources, and plants* may be asphyxiated from lack of oxygen. Furthermore, poisons produced within
the tissues of the plants may produce breakdowns, or, emanating
from the surface, may produce injury to the skin. A striking example of this is the disease known as apple scald on stored apples
and a rather remarkable new type of remedy by absorbing these
poisonous gases through the use of oiled wraps.
The chemical constituents of the soil and the plant foods which
they supply to the growing fruit tree or vine, the presence or absence
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of suitable constituents and the proportion of these various elements
and compounds—in other words, the balance of the plant foods exert
a profound effect on plant diseases. An example of this is nitrogen
starvation. Even though supplied fairly well with all the other
chemical elements necessary to growth, and with no injurious materials in abnormal concentration, a plant without sufficient nitrogen
grows sickly and pale and yellow. A peach tree suffering from this
t3^pe of minimum chemical effect, when looked at from a distance,
may readily be mistaken for a case of peach yellows. One of the
best evidences of nitrogen starvation is often obtained by making
an application of nitrate of soda around such a tree, following which
in a week or two perhaps combined with cultivation, the tree will be
found well on the way to recovery. The leaves will have begun to
turn dark green, and if not too greatly checked, new growth with
new foliage may have begim to push out. Potash hunger, so well
worked up on cotton and truck crops like potatoes, probably also
occurs on fruit trees in a less evident manner, mostly on lighter soils
where the trees are dependent on artificial fertilizers. The root system of most fruit trees, reaching far into the subsoil, enables them
to get their potash probably more readily than shallow-rooted annual
plants. The effect of mineral constituents of the soil on growing
fruit trees, important as it may be, is not often a conspicuous cause
of definite diseases in the humid regions excepting in calcareous
areas, or where lime is applied artificially to plants which can not
tolerate any slight excess of lime in the soil. Oranges in Florida
are thrown into a sudden state of chlorosis or mottle leaf when even
an ordinary dressing of lime is applied to these light sandy soils.
The pecan will not grow on mari or limestone soils where all the
other conditions are reasonably favorable. Organic matter or
humus-forming material of any kind, such as stable manure, straw,
leaves, and cover crops, corrects the effects of too much lime and
enables the trees to grow out of the difficulty.
There is a group of chlorotic diseases apparently associated with
lime, occasionally occurring on a great variety of plants in the humid
eastern United States but very common in the arid portion of the
country. The western peach rosette, the apple rosette and chlorosis,
frenching of the grape and similar symptoms on many kinds of fruit
trees and other plants occur very commonly west of the 100th
meridian which passes through the central.portion of the Dakotas,
Nebraska, western Kansas, Oklahoma, and Texas.
The apple orchards of the Wenatchee and Yakima Valleys were
at one time severely affected with chlorosis and rosette. The growing
of alfalfa in these irrigated orchards, and allowing the crop to remain in the orchard year after year, has proved to be an almost
complete remedy for this condition. It takes three to four years to
get the full effect of the treatment. These western physiological
diseases are obviously due to excesses of certain materials in the soil ;
these accumulate there because of a scanty rainfall and the lack of a
sufficiently free downward movement of the irrigation water to wash
them away. These diseases are intensified by arid conditions and
corrected by moisture and humus-forming materials.
Actual alkali injury may be regarded as an extreme and certainly a different type from these physiological poisons. It may also

478

Yearbook of the Department of Agriculture^ 1925

represent a striking example of too great a maximum of a chemical
constituent in the soil, which results in plant injury and death. These
alkalis are mainly sodium carbonate, sodium chloride, and strange
to say, potassium nitrate, a most valuable fertilizer and plant food
when in proper concentration in the soil. Sodium salts often enter
into the complex composition of injurious alkalis, and lime and
magnesium compounds which are so often beneficial to soils in the
humid regions also form a part of them. At any rate, it is safe to
say that a large number of physiological diseases of several different
types, which occur mainly in the arid regions and about many of
which very little is as yet known, are due to an excess or to unbalanced quantities of chemical constituents in the soil. It has even
been stated that in the Old World the accumulation of these conditions under irrigation has been the cause of the abandoning of entire civilizations. It is not too much to hope that scientific research
in plant pathology and physiology, together with the study of the
chemistry, biology, and physics of the soil, and with the development
of engineering in the way of Avater supply, may develop methods of
meeting these diíTiculties in the future. One thing is certain,
that as far as fruit culture is concerned, certain districts in the irrigated regions of the West have already been abandoned on account
of the presence of diseases of this type.
The Origin of American Fruit Diseases and the Origin of Fruits
as Related to Their Diseases
The cultivated fruits and nuts of the United States are of two
sources of origin as shown on page 112: (1) Those derived from
native wild fruits and nuts of North America and to some extent of
South America, and (2) those introduced from the Old World and
having their origin there. Since the fungous and bacterial parasites
producing disease have also had their origin in both the Old World
and the New there are four possible combinations of fungous parasites and their hosts in the American fruit-disease problems :
(1) Native American parasites on fruits of American origin.
(2) Native American parasites on cultivated fruits of Old World
origin.
(3) Old World parasites on Old World fruits.
(4) Introduced parasites on fruits of American origin.
From lack of knowledge it is not quite possible to classify definitely all of the diseases of the American fruits into these four
groups, some of the fungous parasites having wider distribution than
any one species or perhaps any one genus of their host plants. In
some cases the fungi are identical both in the Old World and in the
New and merely transfer from one related species or genus to
another related species or genus in the New World. An example of
this sort is the commoner of two blackberry orange rusts. This rust
extends around the world in the North Temperate Zone and changes
from one species of host to another in its great world-encircling span.
The species of blackberries and raspberries are not the same even on
the two sides of the American continent. It is not always an easy
problem to determine the exact native origin of a fungous parasite
of a cultivated fruit or of other crop, especially in the case of intro-
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duced plants. In many cases, perhaps in the majority of instances,
the evidence of the foreign or native origin may be rather clear or
even beyond all dispute. In case of newly introduced parasites of
the last 40 or 50 years, during which the fungi have been extensively
studied and collected, the evidence is often definite. On the other
hand, in case of ceitain fruits and their diseases introduced in early
Colonial days, 150 years ago or more, and now found widely distributed or even on native related host plants, it is not so easy to be certain
of their introduction from foreign sources. A number of these parasites were unknown in this country until extensive plantings began
coming from the Orient, and then as they began to appear they were
rather easily traced to their sources across the Pacific. On the other
hand, the European parasites of fruit trees, plants, vines, etc., coming in many years ago have a more obscure origin. There is also a
group of virus diseases which are contagious and transmissible, but
with which there are no bacterial or fiingous parasites associated
which can be seen under the microscope and classified, and these
present a still more difficult problem as to origin. The physiological
diseases can be dismissed from this discussion, since they are not
dependent on the presence of any parasite or contagious, infectious
material, but solely on environmental conditions which may occur
anywhere in the world.
Native American Diseases on Fruits of Native Origin
The black-rot and the downy mildew diseases of native American
grapes form a striking example of this type of disease. The fungi
causing these two diseases are native on the wild grapes of the
eastern United States. As pointed out elsewhere (p. 467), the
vinifera grape is not successfully grown in the humid portion of the
United States. These two fungi are factors in the culture of this
fruit. On account of repeated failure of the vinifera grapes,
eastern grape culture in the United States had to be based on the
development of horticultural varieties of native origin. The Catawba
and the Concord are of this class, and shortly after they were
brought into cultivation they were planted extensively and became
a feature of eastern American grape growing. These are supposed
to be of pure native origin. Later, other varieties such as the Delaware, Niagara, Moore Early, Brighton, and others were produced
and took their place with the Concord and Catawba. This latter
group, however, was partly hybridized with the vinifera or European grape, and while in general the varieties are fairly resistant to
these fungous diseases as compared to the pure vinifera they are
less resistant than the pure natives, and for this reason they are more
difficult to grow and more difficult to protect by spraying and otherwise from fungous diseases.
Pecan scab and probably all the other fungous diseases of this
nut also present an example of this class. Pecan scab was first described on the hickory from southern Illinois, on which it rarely
occurs. Later it was iound on the pecan, but occurs rather rarely on
this host on the wild trees in nature. When the pecan became extensively cultivated, however, and especially when the varieties or
seedlings are moved from western semiarid sections of its range to the
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more humid eastern sections along the Gulf coast, it has spread until
it has become a first-rank disease of this extensively planted nu,t
tree. Many varieties are commercially resistant to this fungous
parasite but certain varieties otherwise desirable are so susceptible
that they are being abandoned in cultivation for this reason aloné.
The native blackberry and raspberry of the eastern United States
have a number of fungous diseases, such as the two orange rusts,
anthracnose, mildew, etc., which'are caused by native parasites and
which commonly occur on the wild brambles of several different
species.
Native American Diseases on Cultivated European or Old World Fruits
As above indicated, the native black-rot and downy mildew
parasites of eastern grapes have severely attacked the î^uropean
grape in America. These two fungous diseases, aided by the insect
pest Phylloxera, doubtlesg caused the failures of the early attempts
to grow vinifera grapes in the Eastern States. Under the arid
conditions of the Pacific coast and adjacent arid and semiarid districts mostly west of the Rocky Mountains, the European grape
thrives, but these two fungi have proved sufficient to suppress or
very greatly retard the culture of this fruit even when grafted on
resistant roots in humid America. It is somewhat doubtful whether
these fungi alone are accountable for the failure of the European
grape in the eastern United States. Climatic conditions including
humid, rainy, hot weather at irregular intervals from about the 1st
to the 15th of June and alternating through the summer with
fairly dry sunny weather, appear to present an almost impossible
environment for the foliage of this plant.
Pear blight on the apple and pear and to some extent on the
quince and related pomaceous fruits presents a striking example
of the vicious attacks of a native parasite on cultivated Old World
fruits. Our pears were first of European origin, and most of the
high-quality varieties acceptable to the American taste are either
European varieties imported as such, like the Bartlett, Anjou, Bosc,
etc., or American seedlings grown in this country from the same
species, such as the Seckel, Clapp Favorite, and others. Later in
the history of American pear culture the oriental pear was introduced from China and Japan. These were, as a rule, extremely
vigorous and productive but bore fruits of low quality which were
not acceptable to the American taste and were used to a limited
extent only for cooking. Hybridized wdth the high-quality European pear, however, the resulting forms retained and even increased the vegetative vigor and productiveness of the oriental parent with considerable improvement in the dessert quality of the
fruit as in the case of the Le Conte and the Kieffer. Thousands
of acres of these hybrid orientals have,been planted and grown,
especially in the South, but so far the fruit is of such low dessert
quality even with its improvement over the oriental pears that it
is not very generally acceptable and, therefore, not very profitable
to the grower. These orientals and their hybrids are, as a general
rule, more resistant to the blight than the pure European pear. The
Kieffer especially is of this type. With a reasonable amount of
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care in cutting out the blight and practicing moderation in cultural
methods, pruning, cultivation^ fertilization, etc., they can be grown
commercially on a large scale. The Le Conte pear industry which
became very extensive in the Gulf Coast States w^as practically
wiped out before satisfactory methods of control were developed.
In general, pear blight has exerted a profound influence on pear
culture in the eastern United States and has been scarcely less serious
in its attacks on the orchards of Colorado, Utah, and the Rocky
Mountain region generally, as well as in California, Oregon, and
Washington, Its attacks are more serious in the South, but they are
greatly reduced in a cooler and more northern region. During
certain outbreaks it has been scarcely less serious on certain varieties
of apples like the Yellow Transparent and some of the other
Russian sorts in both the Eastern States and in California ; also with
such fine varieties as Esopus Spitzenburg, Jonathan, Maiden Blush,
and others.
The worst peach disease from the standpoint of its destructiveness in the orchards of the eastern United States has been the wellImown peach yelloAvs. (See fig. 202.) No parasite has ever been discovered, but this disease is of a contagious nature and has a definite
geographical range which has extended to the southward and enlarged in a rather definite, known manner. It acts like a parasitic
disease. In some cases it behaves like a contagious virus disease, yet
in others the inability to transfer it by injection of juices or by any
other method except actual budding tends to keep it out of this
group. Since it is not transferred in nature by budding but by
some other method, this is an argument for classing it with the virus
diseases. It has wiped out commercial peach culture successively
in the Delaware-Chesapeake region, the eastern Appalachian Mountains, especially the Blue Ridge section of Virginia, Maryland, and
southern Pennsylvania, and the mountains of Pennsylvania, West
Virginia, and Virginia, whole districts of the Michigan peach belt
and peach sections of New York, and the Piedmont region of Maryland and Virginia before its inroads were stopped by the destruction
of the orchards. In the first few years of this century, it apparently wiped out almost completely the seedling orchards of the
southern Appalachian Mountains or North Carolina, southwest Virginia and eastern Tennessee so that the supply of peach seed for
stocks from that region was almost obliterated. This disease is now
known to be controllable by thorough eradication; that is, by
pulling out the diseased trees promptly, before they have opportunity to spread the infection. Orchards are now being developed
in old districts where they have been destroyed not once, but perhaps a second or a third time. Peach yellows appears to be of
native origin, as it is unknown elsewhere in the world and unknown
in America outside of its definite range. The native wild host
plants of this disease, however, are still unknown. It attacks the
Japanese plum, the apricot, and perhaps some other closely related
peachlike stone fruits. But it is not known to attack the domestic or European plum, or several species of native American
plums and other native American stone fruits which might be suspected of being its host.
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Old World Diseases on Old World Fruits

Citrus scab and citrus canker are comparatively newly introduced.
The one, introduced probably in the early eighties, and the other,
citrus canker, rather definitely introduced about 15 years ago, are
both native in the Orient. Although they may have come to us from
Japan they probably were introduced into Japan from the mainland
of southeast Asia. It is a rather interesting thing to note that these
diseases are, as a rule, not very serious in their country of native
origin. Like many other pests, or even like many other crop plants,
they thrive in the new environment more vigorously than where
native. In their native home the parasites are adjusted to their host
plants so that they get along fairly well together. But in the new
environment, especially under new climatic conditions—in this case
humid conditions—with extensive planting over large areas w^hich
supply continuity of host plant, the opportunity for the diseases to
spread is provided. Their development has gone on until they are
of great economic importance. Apple scab, apple bitter-rot, in fact
most of the fungous diseases of the apple, pear, and peach appear
to be natives of the Old AVorld brought over with these plants.
Introduced Old World Diseases on Native American Fruits
There is apparently no more dangerous type of disease than that
imported from foreign countries Avhich finds a related host plant
native to America even more conducive to its development and spread
than its original host. The original hosts naturally are adjusted to
their parasites. In their native home this adjustment may be assumed
to be fairly complete, but under new conditions new possibilities arise.
Under certain new conditions they may not attack at all; this is one
of the great factors of fruit culture in our arid and semiarid districts. The dry soils and dry air are not conducive to the spread of
most bacterial and fungous parasites. On the other hand, it is not safe
to trust these parasites because they may, like pear blight, or like
peach leaf curl or the gumming fungous, both European pests, thrive
in the rainy winter of the Pacific coast. The chestnut-bark disease,
which is, or course, more of a forest than a cultivated-nut disease on
account of the fact that most of the trees exist in a Avild state, forms
one of the most striking examples of the possibility of destruction to
American fruits and nuts by an introduced foreign parasite. This
disease, which came from the interior of north temperate China and
there attacks a medium-sized native chestnut species in a rather mild
manner, has now all but destroyed the American sweet chestnut both
in the forests and when grown as a cultivated nut. It has also destroyed our cultivated European chestnuts, leaving only a few Japanese varieties and possibly other hybrids severely attacked but able
to stand up to some extent against its vicious parasitism. It should
be noted that this same principle applies to other parts of the world
just as definitely as to America. The American pear blight in some
unknown way has been introduced in recent years into New Zealand
and has begun its destructive attacks on the pear and apple in that
far-off country. The black-rot and mildew of the grape, native
American diseases imported into France, are there destructive to the
European vine.
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Successful Methods for Disease Control
Scientific research is now a great factor in helping the fruit grower
solve his problems of the cause and control of fruit diseases. One
of the most striking features in the development of American agriculture as a whole has been the application of the sciences in meeting the problems of increased or more efficient production, of modifying or refining and improving old methods, and of introducing
entirely new ones. The early printed reports of meetings of fruit
growers in this country often contain rather frantic appeals for
help in the control of disastrous or injurious diseases. Naturally,
before the introduction of the science of plant pathology these diseases formed serious puzzles to the growers. In the absence of exact
knowledge or of definite scientific experimental methods all sorts of
theories and conjectures were made as to the cause of disease, and
all sorts of empirical methods for their control were tried or advocated. Some of these useless or quack methods of control continue
to come up in various parts of the country, but at present they are
well in the background. On the other hand, many exact observations and even some perfectly correct methods of disease control,
at least as far as they went, were developed empirically before the
application of science. For example, the selection of resistant varieties of pears and the partial control of pear blight by reducing the
vigor of the trees through withholding manures, cultivation, etc., are
still just as sound to-day as when advocated 60 or 100 years ago. Selection of resistant varieties of strawberries for leaf-spot diseases, the
selection of apples resistant to scab, and of stone fruits resistant to
brown rot are still perfectly good methods. A more striking example
is the control of peach yellows by completely eradicating the diseased
trees, which was. advocated by a group of Michigan peach growers at
South Haven. This method to-day is the standard and the only
method of controlling this disease. It is true that these early empirical
methods had to be subjected to modern experimental tests and had
to be confirmed by scientific research and experimentation before
their full value was accurately determined and before they could be
put into the modern practice of disease control. These older empirical methods have been greatly developed and perfected by the appli- .
cation of research based on scientific botanical knowledge. On the
other hand the greatest triumphs in the control of plant diseases
so far have developed along the lines of dusting and spraying with
fungicides, disinfection with germicides and fungicides, and other
similar methods based on scientific research and on the modern
knowledge of the nature and behavior of bacteria and fungi.
The successful control of diseases as now practiced comprise many
different "methods. Some diseases are controlled by a single method
but usually a combination of two or more of these is available to
the orchardist in fighting his pests. These methods are as follows:
(1) Spraying or dusting with fungicides.
(2) Disinfection by means of germicides and fungicides.
(3) Eradication.
(4) Quarantine.
(5). Breeding and selecting resistant or immune varieties.
(6) Cultural handling and storage.
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All of the above are used by the American fruit industry in combating and controlling fruit diseases, sometimes singly and sometimes with two or more methods of attack combined. Other special
control measures such as inoculation or injection, medication, etc.,
have been tried and have so uniformly yielded negative results that
they are at present in bad repute among plant pathologists. The use
of ultra-violet rays and electrical control, though somewhat promising, may be regarded as in the early experimental stages.
A few striking examples of disease control by the various means
may be cited: Spraying with fungicides is undoubtedly the most
widely used and most successful method of preventing and controlling the fungous diseases of plants. It is almost a failure with the
bacterial diseases. Peach leaf curl, the California gumming fungus
of the peach and other stone fruits, and certain apple cankers are
controlled by dormant spraying. With these and a few other "minor
exceptions the greater part of spraying with a fungicide is done
when the tree is in active growth. Most of the ordinary leaf and
fruit spots of cultivated fruits in America (see figs. 204 to 210) have
been brought under control by spraying. Bordeaux mixture was the
first great successful fungicide, although lime-sulphur solution and
other sulphur compounds are in many cases more suitable and now
more generally used on fruit. In the course of extensive experimentation, rather definite spray schedules and strengths of material have
been worked out for the different diseases or combination of diseases
on the different fruit crops and for different sections of the country.
The black rot, downy mildew, and other fungous diseases of the
grape are successfully controlled by Bordeaux mixture spraying.
Bitter-rot and blotch of the apple are controlled with this material
properly applied. Apple and pear scab, pear-leaf blight, and taost
of the fruit spots and rots of the fruit and foliage of the apple
are controlled by spraying with dilute lime-sulphur solution for the
early sprays and Bordeaux mixture for the later ones. Peach brown
rot and peach scab are controlled by spraying with the self-boiled
lime-sulphur mixture or various substitutes for the same ; and dusting with finely powdered lime and sulphur mixtures gives excellent
control of the peach-scab fungus and is fairly satisfactory against
brown rot. Arsenate of lead and other arsenicals are usually combined with the fungicides in the standard spray treatments. Control of most fruit diseases requires a combined schedule directed
against a group of fungous diseases and insect pests attacking the
crop in that locality.
Disinfection with germicides and fungicides, though a prominent
method in the control of the grain smuts, potato scab, and other
potato diseases, is only occasionally used in fruit diseases. These
disinfectants are applied both in dilute liquid form and by fumigation with gases. Although not a dominant method of disease control
with fruits, disinfection methods are used in several different ways.
In the eradication of pear blight and of apple cankers a l-to-1,000
solution of corrosive sublimate is used to disinfect the tools and as a
surface disinfectant of the wounds. This disinfectant is also used
in citrus-canker work to sterilize the implements, shoes, clothing, and
hands of the inspectors. The mixture of one-fourth to one-third
creosote oil with two-thirds to three-fourths ordinary coal tar is used
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for painting the wound after pear blight eradication. The same
wound paint is extensively used in painting pruning wounds and
in various types of tree surgery on fruit trees.
Formaldehyde solution, 1 pint to 30 gallons of water, has been
used in the control of crown gall (fig. 21G), as a surface disinfectant
for apple seedling stocks, scions, and tlie tools and benches used in
grafting.
A new
method of using an organic mercury compound has just been
developed for treating
the seedling roots,
scions, antl bench
grafts, which is much
more effective against
this disease. In the introduction of ne w
plants dipping for a
few minutes in the
above - mentioned formaldehyde solution is
frequently practiced with more or
less certainty of success. In propagating
plants the soil is sometimes saturated with
this and other disinfectant solutions, heat
and hot water being
also used for soil sterilization in special
FIG, Ü1G.—Crown gaU on ruot of an apple tree
cases of propagating
fruit nursery stock.
Disinfectants are also used in the wasiiing water for citrus fruits in
the packing houses; and fruit-storage houses also utilize this method
of sterilization as a protection against fungous rots.
Kradicatioii Methods

Eradication plays a prominent part in tlie control of many fruit
diseases, especially certain diseases not readily controllable by spraying or other similar methods. As a rule American fruit growers
do not take so readily to this procedure as to the use of the spray
pump or some of the other methods given below; but in certain
cases where it is effective it is by far the most economical way of
controlling diseases. It may not ajipeal to the fruit grower as *a
satisfactory way of controlling peach yellows to have to cut down
a number of fine trees, and yet peach yellows is much cheaper to
control by eradicatiton when properly carried out than is the peach
brown rot by spraying, even counting in the loss of the trees.
Tliere are three distinct types of eradication: (1) That in which it
is necessary to root out and destroy the entire tree, no matter how
sliglitly affected, as in the case of peach yellows, little peach, and
crown gall in nursery stock; (2) that in which the diseased
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part only need be removed, usually not involving the loss of the
tree; for example, pear blight in pears and apples, apple and pear
canker, black knot of the plutn and cherry, and fungous wood rots;
and (3) eradication of the ahernate host, the best example of Avhich
is the destroying of the red cedars for the control of the cedar rust
or orange rust of the apple.
Eradication when carried to the extreme limit results in the extermination of the fungous or bacterial parasite. This is of great
importance in regard to newly introduced organisms to any district
or country. It has been successfully carried out locally in a few
cases, but as yet in no instance has a bacterial or fungous parasite
been completely exterminated in any large territory or country as has
been done with certain human and animal diseases. The remarkable
extent to which the extermination of the citrus-canker bacteria which
produces the citrus canker disease in our Southern States is being
carried on is therefore a matter of extreme interest. This germ,
rather recently introduced from the Orient, is being controlled by
eradication, and a vigorous attempt is being made, especially in
Florida, to completely exterminate this pest. Success in this specific case will be historic and will greatly stimulate further action
along this line.
Quarantines
For years this country allow^ed various pests from all parts of
the world to be introduced on the nursery stock, cuttings, scions,
ets., imported from various countries. The result is that we have imported along with our fruit introductions a large number of diseaseproducing organisms from various parts of the world and have
transplanted them with the fruits on which they grow. Some of
them find our native fruits and nuts and our local conditions even
more congenial for their spread than those supplied in their native
environment. In a similar way some of our parasites, like the vine
disease-producing fungi, have iDeen sent to the Old World. A serious disaster to the chestnut of the eastern United States, both cultivated and w^ild, resulted from the introduction of the chestnutbark disease from China. The introduction of the citrus-canker
germ into Florida and other Gulf Coast States from the same source,
the introduction of the white-pine blister rust from Europe, and
also a number of serious insect pests brought forward emphatically
the necessity for a quarantine. It goes without saying that it is
vastly better when possible or practicable to exclude these foreign
pests rather than to wage war against them after they are introduced
into the American orchards. The enactment of the Federal quarantine act of 1912 put this method of fighting orchard diseases and
other pests into active operation. Previous to that time this method
was only used locally in a few States, notably California.
* Notwithstanding the difficulties, both theoretical and practical, of
carrying out this process of excluding diseases, this is the most
promising method which man has yet devised of protecting himself
from the introduction of new pests. The rapid increase of com.munications and the commercial movement of materials between all
countries of the world make this method of more and more importance to crop production and food supply, not only in this country
but throughout the entire world.
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Breeding and Selection
This is one of the oldest methods of controlling plant diseases,
including those of fruit. It is much older than scientific plant
pathology, which may be said to date back only about 40 years.
Since this process takes place in nature in the natural struggle for
existence resulting in the survival of the fittest, it may not be incorrect to suggest that this method probably began with the very
beginning of the efforts to cultivate fruits as well as other crop
plants. In our own country for over 100 years there have been
efforts to produce blight-resistant pears. Strawberry growers and
breeders have pesistently sought varieties resistant to the common
leaf blight, and in general horticulturists have sought freedom of
susceptibility to disease in the various varieties of fruit long before
the exact nature of these diseases was definitely known. Even at the
present time, with other methods highly developed, this method still
stands as one of the very best ways wherever possible to use it in reducing the attacks of fruit diseases. Spraying and eradication and
disinfectant methods must be looked upon as comparatively crude and
expensive means of fighting fruit diseases in comparison with the
selection and propagation of varieties which themselves resist the
disease or which require the minimum amount of effort on the part
of the grower. The breeding and growing of resistant or immune
varieties, therefore, may be considered as one of the highest types
of disease-control methods. Horticulturists and plant propagators
are not alone, therefore,, in recognizing this as one of the most
promising lines of research, since plant pathologists are now taking
up this line of investigation as one of the best methods of attack.
Pears and apples are being bred for special resistance to pear blight.
The problem includes the use of resistant stocks and bodies. In the
case of the Grimes Golden apple in the eastern United States, the
collar blight which has made such serious inroads on this variety is
overcome by topworking the Grimes Golden on the Paragon or other
resistant roots and thus growing the trunk and collar of the tree so
that it will not take this disease. The peach and other stone fruits
are being selected for their resistance to brown rot ; grapes and small
fruits for their resistance to various diseases.
Although fighting outbreaks of plant diseases by spraying and
eradication methods may win the battle temporarily and may be
regarded as very proper expedients, these methods must be likened
to putting out fires after they have started instead of building fireproof or fire-resistant structures. Research work on this line, however, encounters the same kinds of difficulties as the building of expensive fireproof structures. There is little support for this slow
and laborious method of preventing disease losses, while on the other
hand emergencies existing in epidemics of plant diseases have resulted
in prompt action.
Cultural, Marketing, and Storage Methods
Under this somewhat miscellaneous heading may be placed
all those ways of modifying or changing usual horticultural
methods of growing, harvesting, transporting, and storing fruits
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so as to meet the special conditions brought about by disease. This
represents many different processes, inchiding even the selection
of proper soils and climatic conditions; for example, the Bilyeu
peach in the eastern United States was so severely attacked by the
peach-scab fungus that it was only grown in the Appalachian fruit
belt at elevations above 1,200 feet. Later, however, spraying came
to the rescue and controlled the disease at lower altitudes. Modifications of drainage and irrigation methods, in the application of
fertilizers, particularly nitrogenous fertilizers, and in some cases the
actual withholding of cultivation and fertilization which would otherwise be desirable, are all brought to bear in disease control. The
peach is so susceptible to brown rot in the humid eastern United
States that stable manure and nitrogenous fertilizers which greatly
favor it have to be used with caution, even though they may be desirable from the fruit-production standpoint. Here, again, spraying with the self-boiled lime-sulphur partly frees the grower of
this restriction.
Another example is pear blight. This disease attacks the tree directly in relation to its vigor and growth, other factors being equal.
The result is that it is unwise at times when growing susceptible
varieties of pears in the eastern United States to cultivate them so as
to produce the maximum growth. It is even necessary in pear-blight
outbreaks to partially or wholly withhold cultivation and to use
nitrogenous manures and fertilizers with great moderation; and
even pruning, which stimulates vigorous growth, should be partially
withheld.
Many of the refinements of handling, transpocting, and storing
fruits are aimed at disease control. Ordinary fruits remain alive
when picked from the tree, and when the fruit or any part of it
dies that part becomes brown and decayed or rotten either from the
death of the tissues or attacks of weakly parasitic fungi. It is necessary, therefore, to handle fruits so as not to bruise or injure them
or break the skin, and it is necessary to maintain temperatures
which will insure their longest possible life and the slowest growth
of decay organisms.
From this standpoint refrigeration, both in cars and in storage,
may be considered as one of the methods of controlling fruit diseases. The transportation and storage diseases of fruits are now
being studied and scientific investigation brought to bear on the
methods in use. Remarkable progress has recently been made in
protecting apples from apple scald by the use of oiled wrappers.
In boxed fruit which is commonly wrapped, the only change from
the old practice found necessary was to add a suitable mineral oil
to a proper paper wrap, the oil absorbing the poisonous emanations
of the apple itself, which produce this disease. Another method of
accomplishing the same purpose has been worked out in experiments which consist of removing the gases by ventilation, but it has
not proven capable as yet of practical application.
Insects in Their Relation to Fruit Culture
It would seem that the multiplying hordes of insect pests would
render it impossible longer to produce sound fruit. Yet our ability to
deal with these enemies is such that we are growing increasing quan-
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titles of perfect fruit with each succeeding year. Our annual average
of fruit shipments from 1918 to 1922 included 9e3,308 cars of apples,
28,778 cars of peaches, 13,686 cars of pears, and 78,717 cars of citrus
fruits. A considerable part of this fruit was prepared for market
under rigid inspection against insect injury. Much of it was shipped
through cooperative organizations whose standards preclude the marketing of wormy, scaly, and otherwise.insect-disfigured products.
Knowledge of insect habits and discoveries and inventions of control measures have kept pace with the insect increase. On all upto-date fruit plantations insecticides and the machinery for applying them are a part of the regular equipment. By the constant use
of these provisions our markets and homes are annually supplied
with sound and beautiful fruit. Fruit growers have always.been
alert to protect their crops against insect depredations. The pioneer
fruit growers were among the first persons to record the presence
of insect pests in America. They observed what to them were
unfamiliar insects attacking both the native fruits and those they
had brought from the Old World to test here in a new land. The
records they left are now of interest and value in tracing the development of insect enemies in this country.
In the first comprehensive publication on injurious insects entitled "Insects Injurious to Vegetation," by Thaddens W. Harris,
and published by the State of Massachusetts in 1841, there are described about 50 species which injure fruits. Since that work appeared fruit-insect pests have gradually increased in numbers. A
manual of insects injurious to deciduous fruits, published within
the last 10 years, describes 209 species that are considered to be
of special importance, of which 85 attack the apple tree and its
fruit. This manual makes no attempt to discuss the multitude of
less important insects that injure deciduous fruits, nor the great
number of species attacking citrus fruits. A paper recently published lists 30 insects that are' known to feed in or disfigure the fruit
of the apple tree.
There are fruit-insect pests which occur generally over relatively
large portions of the country, such as the codling moth, plum curculio, and San José scale. There are other species destructive to
fruit which are confined to small areas and about which people in
general know but little. As an example, a recent Government bulletin describes eight important insect pests of the mango in this
country, and a similar bulletin treats of nine destructive insects of
our avocado plantations. Figs, papayas, and many other fruits
grown only in restricted areas all have their destructive insect
enemies.
Insect Conditions During the Early Days of Fruit Culture in America
Attention to fruit culture in this country began almost as soon as
settlements of the white race were established. Accustomed to fruit
in their former European homes, the settlers craved it here and
early began to plant orchards and fruit gardens. As already referred to, a portion of such plantings were derived from seeds, cuttings, and plants brought from the old country. Also, they began
to cultivate some of the wild fruits which they found growing in
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forest and glade around the settlements. At first there were apparently no serious insect pests in evidence, for trees and plants
upon which care was bestowed seem, in most cases, to have borne
satisfactory crops of sound fruit.
In time, however, native insects that had hitherto fed and bred
upon the wild fruits began to injure the cultivated crops. Kecords
were left which show that several species of caterpillars, tree borers,
and curculios, which previously subsisted upon the native plants,
turned their attention to orchards, and in some cases did great injury. Thus early in the development of fruit culture in this country there began the increase in insect numbei's and depredations
which has continued to the present time.
Conditions Favoring Increase in Losses from Insects
It is common knowledge that fruit insects are mucli more abundant
than formerly. Each succeeding generation is reminded of the good
old days when this or
tliat pest of the oi'chard
or fruit garden was not
known. This increase has
come about in many Avaj's,
most of them incidental
to an expanding fruit industry. Enlarged plantings, the introduction and
cultivation of fruits in
new regions of the country, and the commerce in
fruit and fruit plants
with other countries of
the world are causes
which have contributed to
tlie increasing multitudes
of fruit-insect pests and
the losses which they
inflict.
Increase in acreage of
f r uits.—Deciduous-fruit
culture in this country
began in tlie seventeenth
century Avith the planting
by colonists of small orchards and vineyards, and
increased, or mass planting of orchards has established and maintained
FIG.
-Servicp tree, a nativo liost plant of the
conditions tmder which
roundlieadeil apple-tree borer
insects breed and multiply.
They Iiave been furnished with an abundance of food and with conditions favorable for their young, and are relieved of the hazard of
searching abroad for the necessities of life and propagation. Quite
obviously, a greater number of tent caterpillars or aphids may
develop and produce offspring upon an acre set to apple trees than
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upon a similar area having upon it only one or two such trees. An
orchard, vineyard, or citrus grove is a potential nursery for insect
propagation, and the larger the
planting tlie greater may be tlie
insect increase.
Planting in neto regions.—From
the place of its origin in the
East, deciduous-fruit culture followed the course of settlement and
spread westward. As civilization
advanced, orchards were planted
on every frontier and fruit culture
was constantly being introduced
into new regions. Cultivated fruits
were thus brought within the
ranges of insects which had previously subsisted on related wild
wormy apple, the work oí
fruits (fig. 217). In time, practi- Fiu. 218.-—A
the codling motli larva
cally every native species of insect
that had habitually fed upon wild fruits was furnished an opportunity to sample some cultivated variety that resembled its accus-
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tomed food. It often happened that the insect preferred the cultivated to the wild crop andit'urned its attention largely to the more
acceptable food which man had provided. In this Avay fruit-insect
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problems, both local and general, came into existence almost throughout the country.
Increasing Commerce With Foreign Countries and Insect Introduction
Through commerce with other countries many species of foreign
insects have accidentally been brought to our shores on incoming
products. These insects repeatedly have escaped and established
themselves in our territory, becoming pests of great economic importance. Among these are numerous species wiiich injure fruits.
The introduction of foreign fruit-insect pests began in Colonial
days, and with the extension of transportation facilities there has
been an increasing arrival of such insects from almost every country of
the globe.
The codling moth {Carpocapsa pomonella), an insect which has done
inestimable damage to the apple industry of this country, found its way
here, probably from Europe, about
1750 (fig. 218). Both the pear slug
{Eriocamj)oides limacina Ratz.) and
the bud moth {Spilonota ocellana)
were introduced from Europe during
the early daj's of fruit culture in
America. Following these came the
pear psylla (Psylla pyricola) and the
antique tussock moth {Notolophus antiqua Linn.), both orchard pests of
destructive habits. Between 18.50 and
1900 there were fruit insect pest introductions of the gravest importance,
among them being the San José scale
(Aspidiotus perniciosus Comst.), (fig.
219) ; the frtiit-tree bark beetle (Scolvtus ruglosus Ratz.), rosy apple aphis
(Anuraphis roseus Baker), gipsy
moth
{Porthetria dispar Linn.),
brown-tail moth {Euproctis chrijsorrhoea Linn.), and the ])each-twig borer
(Avarsia lineatella Zeil). Numerous
scale insects, mealybugs, white flies
(figs. 220 to 224), and other forms of
FIG. 220.—Cottouv ciisliion scale, a
foreign origin found their way into
destructive enemy of citrus
the citrus groves of the country. The
more recent introduction and spread of the oriental fruit moth
{Laspeyresia molesta) (page 509), Japanese hetÚ&{Popillia japónica)
(page 509), and camphor scale {Pseudaonidia duplex) (page 510),
together with the fact that dangerous foreign species are almost
daily being intercepted by quarantine officers at o>ir ports of entry,
emphasize the present and future danger from this source.
Early Methods of Insect Control
Insect injury to cultivated fruit had continued in this country for
many years before a systematic study was made of any one of the
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offending species. Lacking knowledge of the natures and life histories of tlie pests, the control measures which the early fruit
growers used were often ineffective, and in the light of our present
knowledge of the subject sometimes ludicrous. It would hardly be
proposed in these days, as it once was in this country, that a 9-foot
fence be built around plum trees to shut out the plum curculio, or
that dead mice be hung among the branches of the trees in order
that the curculio beetles might deposit their eggs in the putrid flesh
instead of in the fruit.
The resourcefulness of the early growers in devising methods for
saving their fruit from insects, however, showed their great interest
in tlie matter and their alertness to take advantage of any possible
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means of relief. Among the popular treatments of early days, which
have since been discarded, were the attempts to drive insects from
orchards with odors made by burning brimstone, tobacco, leather, and
woolen rags under the trees, or by hanging tansy, or rags saturated
Avith turpentine or carbolic acid among the branches. A frequent
practice Avas to bore holes in the trunks of trees, and fill them with
sulplmr, salt, calomel, or asafetida with the idea of tainting the sap
so that insects would not relish the leaves and fruit. Some meritorious measures came into use, however, which have since been
developed and are now practiced on a large scale. Syringing trees
as a means of killing insects was early considered. AVe find that
in the .year 1746 Peter Collinson, a noted botanist of England, wrote
to his fellow botanist, John Bartram, living in the vicinity of Philadeljiliia, regarding means for saving nectarines from attacks of the
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plum curculio. After suggesting the smoking of infested trees with
burning straw, he continues:
If the trees were to be squirted on with a hand engine with the water in
which tobacco leaves wore soaked ; either of these two nietliods, I should think,
if they did not totally prevent, yet at least would secure as much of these
fine fruits as would be worth the labor of people of circumstances who are
curious to taste these delicious fruits in perfection.

It is interesting to note that the practices of spraying with poisons
and contact insecticides, dusting, fumigating, flooding, baiting with
poisons, jarring, trap-cropping, hand collecting, and biological control were all advocated in the early days of warfare against fruitinsect pests. These metliods, altliough first used in very small and
imperfect waj's, are the
practices which, greatly
improved, are chiefly
depended upon in our
modern insect ¡^ost-control work.
Probably the first systematic treatise on a
fruit-insect pest in this
country was published
in 1795. Stimulated by
an offer of $50 made
by the Massachusetts
Society for Promoting
Agriculture " to the
l)erson who shall, on or
before the first day of
Julj', 1795, give a satisfactory natural history
of the canker worm, '
William p. Peck made *
a study of the insect,
chiefly of the species we
Flu. 222.—Camphor scale on Satsuma orange
now know as the spring
canker worm {Paleacrita vernata Peck), and for his studies and the account of tlie insect
which he published in the. Massachusetts Magazine for September
and October, 1795, was awarded the prize. Nine years later, in
1804, James Tilton, of Wilmington, Del., published a rather full
account of the life history and habits of the plum curculio. The
information obtained in these studies formed a basis for dealing
more intelligently with these species.
In 1841, as previously mentioned, the first general work on injurious insects was published in this country by Tiiaddeus W. Harris.
This book of about 500 pages, issued as a report of the Commissioners on Zoological and I3otanical Survey of Massachusetts, described in detail numerous insects injurious to fruits, gave practical
suggestions for combating them, and was invaluable as a practical
guide to insect habits and control measures. The historical matter
which it contains makes it to-day a standard work of reference for
entomological students.
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In providing financially for the investigations of Doctor Harris,
Massachusetts was the first comnionwealthto extend State aid to the
cause of economic entomologj'. Following the example set by Massachusetts, the States of Xew York, Missouri, and Illinois soon furnished means for the study of injurious insects witliin their borders.
As a result, classical contributions to the science of economic entomology by Asa Fitch, of A'ew York, Benjamin D. AValsh, of Illinois,
and C. Y. Riley, of ]\íissouri, appeared in annual series prior to 1877,
which dealt with numerous insect pests of cultivated fruits and
formed a foundation for many of the modern usages against such
insects.

2:¡3.—One of the soft
scnle.s wliicli arc serious
eoemies of greenliouso and
subtropical plants

FIG.

FIG.

22-1.—Adults of the citrus white lly

Modern Methods of Insect Control
Although many of the principles involved in modern insect warfare were set forth many years ago, there has been great development
and many changes in machinery, insecticides, and, especially in
organization, and scope of operations. Perhaps the most intensive
and spectacular work is being done in the several relatively small
areas of the country where foreign insects have become established
locally and are threatening to overrun larger areas. In such places
large forces of men are employed under the direction of experts to
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proceed against the insects along the lines of preventing to the utmost
the enlargement of the infested territory and stamping out the pest if
possible. Specialists investigate every phase of the insect's development and habits; its life history, food plants, means of spread,
susceptibility to insecticides, natural enemies, and all its relationships to various forms of plant and animal life. Federal and State
quarantines are established to prevent the insect from being accidentally carried to outside points. Such spraying and dusting machinery, poisons, fumigants, and other materials and apparatus
as combative measures call for are provided and used, often in large
quantities. The original home of tlie insect is determined and specialists are sent to make a study of the species in its nativ^c surroundings, especially with a view of finding natural enemies, and, when expedient, sending them in large numbers to this country to assist in
the warfare. In these regional operations against introduced insects
it is usual for the State and Federal Governments to cooperate in
the conduct of the campaigns, and often municipal governments and
private individuals assist financially in the undertaking.
One of the important modern methods of insect control is that
of safeguarding against the transportation of pests into new territory. The various States have regulations under which nursery
products are inspected before being marketed, and the Federal (xovernment maintains a system of rigid inspection at all our land and
maritime points of entry. When infested material is found entering this country from abroad it is either destroyed or held in quarantine until proven to be safe for delivery to the consignee.
In the more important fruit-growing centers of the country
where operations on a large scale are carried on against insects, materials are usually purchased or prepared cooperatively and machinery for applying large quantities of insecticides effectively and with
dispatch is made the more easily available. Work to protect fruit
from insect pests is well organized in practically all the State agricultural experiment stations, and the Federal Bureau of Entomology
has an important division devoted to fruit-insect investigations.
The various officials of experiment stations and the Government are
constantly in the field testing and supervising combative measures,
and numerous bulletins are issued which keep the fruit growers in
touch with the progress of research and discovery along insectcontrol lines. Through the extension forces of the various States
a definite means is provided for promptly carrying to the fruit
growers the latest discoveries in entomology and demonstrating their
value, also for furnishing timely schedules for the application of
control measures.
Outstanding Insecticide Discoveries and Influence in Control Practice
Principal insecticide developments have had to do with stomach
poisons, suifocating gases, and materials that kill insects by contact
with their bodies. Along these lines there have been frequent discovcrie^s of new and better materials and methods. The composition
of insecticides and the manner of using them have shown constant
progress. This advance or evolution is well illustrated in the development of arsenical poisons, chiefly employed for the destruction
of chewing or biting insects. Frint culture had been an important
industry in this country for more than a century before a satis-
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factory stomach poison was known; thus up to 1873 the recommendations for the control of the codling moth, as stated by LeBaron, were as follows:
(1) Destroying the insects in their winter quarters.
(2) Picking wormy apples from the trees.
(2) Gathering wormy apples from the ground and letting swine and sheep
run through the orchards.
(4) Entrapping the worms in bands and other contrivances.

About 1878 LeBaron recommended the use of the pigment Paris
green, then a common poison employed to destroy the Colorado
potato beetle and for the control of canker worms on apple
trees. The following year (1879), J. S. Woodward, a New
York orchardist, reported that the poison applied to apple trees for
the control of canker worms also controlled the codling moth, while
an identical discovery was made by an Iowa orchardist at about
the same time. This accidental discovery of the value of Paris
green for the control of the codling moth has proved thus far to
be the outstanding landmark in the remedial field for this pest. Experimentation with Paris green, white arsenic, and London purple
(arsenate of lime), a by-product of analine dye manufacture,
imported from Europe, was at once begun by A. J. Cook, in Michigan; S. A. Forbes, in Illinois, and E. S. Goif, at Geneva, N. Y.,
noted entomologists of that time. London purple was tried against
the plum curculio on plum trees in Illinois in 1885 and against the
same insect attacking cherries in Ohio during the season of
1887. The adoption of these arsenicals for the control of certain
orchard pests, while gradually increasing, was nevertheless rather
slow owing to the frequent injurious effect of the poison^ on the
plants treated and some doubt as to the safety of spraying with
arsenicals fruits intended for human consumption.
A great advance in arsenical insecticides was made in 1392 when
the value of lead arsenate was ascertained by Mr. Fred C. Moulton,
of the gipsy moth commission of Massachusetts. This poison, by
reason of the safety with which it could be used on plants, its
effectiveness, adhesiveness, etc., proved greatly superior to Paris
green or London purple and its use in orchards was rapidly extended, especially from the impetus given by recommendations of
the entomologists of the recently established agricultural experiment stations. Lead arsenate was first put on the market as an
insecticide in paste form, and a few years later a powdered form
was developed, containing about twice the quantity of arsenic per
pound. The powdered form rather quickly supplanted the paste
through its possessing certain advantages, as reducing freight costs,
the elimination of water and obviating the danger of the poison
drying out or of freezing. The powdered form of lead arsenate
could also be employed for dusting, either pure or diluted. Thus
the investigation of chemists and entomologists working on the
control of another insect pest, namely, the gipsy moth, resulted in
the discovery of an insecticide which has proved to be the most
suitable of the arsenicals thus far developed for general orchard
use.
Discoveries in the field of contact insecticides for the destruction
of soft-bodied insects and other species that can not be reached
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by stomach poisons have progressed in a similar manner. For many
years preparations of caustic soda, soapy liquids, tobacco washes,
etc., were the main reliance. About 1880 a method of emulsifying
kerosene so that the oil could be dependably mixed Avith water was
discovered, principally by W. S. Barnard, thus furnishing for the
first time an effective and cheap contact spray. This kerosene emulsion has proved to be a great boon for the destruction of softbodied insects, and while not now employed to the extent that it
formerly was, it is still an important contact insecticide not only
in the United States but throughout the world by reason of the
general availability of kerosene, and the ease \yith which the emulsion is made.

1' IL.. --0.-

-i-iiíifií;aiiiií; ciu us (ii-t's with liquid hydrocyanic-acid gas to kill scale insecls

The accidental discovery in California about 188G that the limesulphur salt wash, then in use as a sheep dip, was an efficient treatment for the San Jose scale on deciduous-fruit trees, has had a
very far-reaching effect on American horticulture, and undoubtedly resulted in the preservation of many large orchard enterprises. The original limesulphur salt wash has been gradually
improved until the essential ingredients of the wash may now be
purchased in highly concentrated form.
Another landmark in our earlier insecticide history was the development by Coquilette of the use of hydrocyanic-acid gas for
scale insects in California, which at once put in the hands of citrus
growers a means of control of various scale pests then threatening
the industry. As in the case of other insecticides, hydrocyanicacid gas has been gradually improved in character and in the
methods of its use. The original experiment with potassium cyanide
in time gave way to sodium cyanide, as containing a higher per-
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ccntaiic of cyanogen. ^^not]i(>r decided iinproNcineiit -was iiiadu
vlien by means of special ai)])aratu.-; tlic gas was generated in a
niacliine outside of the t(>nt under which it was delivered to tlie trees
in accurate]}^ mcasui'ed dosage instead of being genei'ated in a vessel nnder tiie tent. 'J'lie present practice repi'esents a still greater
inlpro^•enlent in which the gas is made in the factory, li(juelietl, and
carried to the field in drums and discharged in accurate doses untler
the tent in a fine s]iray which quickly voiatilizes (fig. 2:^5).
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Moil' i'ecent insecticide discovei'ies include llie utilization of paradichlorobenzeno foi- the control of the ])each-tree l)orer (figs. 22G,
227, and 22S). 'Jdie volatile crystals of tliis malei-ial ai'e ])laced on
tlie ground ai'ound the infested ti-ees, covered with eai'tli, and, as they
volatilize. th(> liea\y gas therefrom ¡penetrates the soil and kills the
insects. So ])()pular has this remedy become that it is now being
widely used. I'each gi'owers of tiie Georgia peach belt use about
500.000 j)ounds of the material annually.
])es])ite the gi-eat value of lime-sulphur wash for the control of tlie
San. Jose scale, it was the subject of much coiiii)laint by orchardists
on account of its disagreeable qualities in handling and its failure to
control the insect under some conditions. The Bureau of Ento-
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molo<ry has recently adopted the lubricating-oil emulsion in use in
Florida for the destruction of scale insects and white flies on citrus
trees, and for dormant spraying of deciduous orchards for the
destruction of the San Jose scale. This emulsion, consisting of fishoil soap and lubricating oil, when used at a strength of 2 per cent of
oil in the sjjray, has proved very effective in the destruction of the
San Jose scale and without tree injury thus far. This spray has
already come into extensive use and is rapidly growing in popularity
by reason of its effectiveness, cheapness, and ease in handling as
compared with lime-sulphur wash. Machinery for applj'ing insecticides has been constantly im^jroved and much of the success attending tlie use of insecticides generally must be credited to the ingenuity
of the manufacturers of such apparatus.
Distribution and Means of Spread
The ways in which insects spread from one ho.st plant to another,
and from one locality to another are numerous and varied, the most
important means of sudden and
wide distribution being commerce and trade in plants and
plant products between different places and countries.
Plants, seeds, and fruits in
transit may at any time carry
insects and insect eggs to new
places where they may establish themselves. Many of the
most destructive fruit insects
in this country were brought
from abroad in this way
Most insects are capable of
flight and they frequently
spread to considerable distances
by flying. Certain flies have
been known to wing their way
from 10 to 15 miles, frailwinged moths have been seen
at sea a distance of 400 miles
from land, and the Rocky
.Mountain locust has flown 1,000
'uiles from its breeding ground.
Winged insects are sometimes
•arried far by wind, and even
FIG. 228.—Earth mounded over the paradlwingless forms are wind-blown
chlorobenzene around the base of peach tree
to surprising distances. Wind
has been known to carry the young of the black scale {Saissetia
oleae), a pest of citrus trees, a distance of 450 feet, and the clover
mite {Bryohia prafensts), a distance of 650 feet. The young caterpillars of the gipsy moth {Porthetria dispar), b\' means of their
long hairs have floated like a thistle seed a distance of 30 miles. In
moving from plant to plant large insects and birds are known to
transport scale insects, which cling to them in their crawling stage,
just after hatching or birth.
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Some very destructive fruit insects are distributed among fruit
trees and plants by ants; for example, several species of aphids
are carried in this way. In the southwestern part of this country
the Argentine ant, itself a direct fruit pest of importance, performs
a secondary injury in carrying mealybugs and scale insects from tree
to tree in citrus orchards, establishing new colonies of these pests
wherever sound wood can be found. Not only does the ant distribute these insects but it guards them against attack by such
enemies as ladybird beetles, lacewing flies, and parasites, even going
to the extent of building shelters composed of grains of earth and
leaf mold over their proteges to ward off danger. In some places
the work of this ant furnishes one of the most serious problems in
keeping citrus trees free from the scale insects and mealybugs.
In regions infested by some of the newly introduced foreign fruit
pests constant watch is kept at certain seasons to prevent passing
automobiles and other vehicles from carrying the insects into new
localities. Japenese beetles and gipsy moth caterpillars are especially inclined to crawl upon or hide themselves within such protection as automobiles afford and having found lodgment they are
likely to be carried to distant points with a possibility of starting
new colonies.
Source and Present Status of Fruit Insects
Fruit growers of this country are now concerned with more
species of insects, and not infrequently, with more individuals of
each species, than at any time in the past. Likewise, their knowledge
of these insects and their ability to deal effectively with them are
greater than ever before. Among the vast number of fruit insects
there are certain species, which, so far as known, have always existed
in this country. Others have gained entrance from almost every
other part of the globe. Eepresentatives of these native and foreign
species, are well distributed and found intermingling in most,
orchards and fruit plantations.
Native insects.—Among the -outstanding-insects native to this
country with which our fruit growers are all too well acquainted,
may be mentioned the scurfy scale, grape phylloxera, canker worms, ;
apple-tree tent caterpiller (fig. 229), peach-tree borers, cherry fruit
flies, apple maggot, rose chafer, grape root-worm, roundheaded
apple-tree borer (fig. 230), flatheaded apple-tree borer, pecan nutcase bearer (fig. 231), and plum curculio (fig. 232). Over 160
native species have been recorded as attacking our wild thorn apples,
any one of which is a possible enemy of several cultivated fruits
which are nearly related to the thorn apples. In addition to those
mentioned, there are hundreds of species which originally fed on
the wild fruits of America, but which now attack the cultivated
fruits with varying severity.
Introduced insects,—The list of introduced fruit insect pests is
a long one. It includes numerous species of aphids, pear psylla,
citrus white fly, spider mites, scale insects, including the San Jose
scale and many scale insect pests of citrus trees, the codling moth,
oriental fruit moth, gipsy moth, brown-tail moth, fruit-tree bark
beetle, Japanese beetle, and numerous others, all of which were
formerly unknown in this country.
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Many small but very dangerous species adhere to trees and plants
and are easily overlooked even in the most careful inspection. Something of the task of our quarantine inspectors may be understood
bj' examining the records of interceptions made at our ports of
entry. For example, in 1920 over 11,000,000 foreign plants were
inspected at the ports, and, in addition to the great number of other
insects found upon them, there were 80 distinct species of scale
insects, many of which
undoubtedly are of
destructive habits. In
1921, the number of
plants arriving from
foreign countries was
27,507,929, and insects
were found upon these
plants coming from
78 countries of the
world. In 1922, insects were intercepted
on plants coming from
84 countries, and in
1923 they were found
entering our ports
from 93 countries,
these insects including
91 different scale insects which were identified as to species and
many others that were
known only as to their
genera.
A
recent
shipment of 12 mango
plants into this country from Brazil was
found by inspectors to
be infested with white
flies, aphids, ants, and
11 different species of
scale insects.
With such vast numFIG. 229.—The tent caterpiU;ir, Malaciisoma americana,
bers of insects arriving
and its nest in crotch of cherry tree
on plants from abroad
it is easy to understand that in spite of the greatest vigilance there
is constant danger of new pests finding their way into our jjlantations. The economic significance of such danger to the fruit industries of the United States is only understood and appreciated when
it is realized that the commercial fruit production of the Nation has
an annual value of ajjproximately $700,000,000. The investment in
orchards and equipment for their maintenance and operation
amounts to several times the value of the annual harvest.
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Scientific Knowledge of Insects as a Basis for Control
Effective warfare against insects must bo based upon an intelligent understanding of the life history and habits of the s[)ecies to
be dealt with. The complex life cycles of insects, their varying
habits, interrelations with one anotlier and witli other animals and
plants, and their frequent
dejîartures from expected
coui'ses of behavior, all
combine in making it a
matter of importance that
conti'ol efforts be conducted in the light of
thorough investigations
and well-defined conclusions. The whole history
of man's relation with insects, the part he has
played in unwittingly encouraging their inci'ease.
and the efforts made to
suppress them, are marked
by mistakes due to lack of
understanding of the species involved. Past experiences show that we
should be in possession of
all possible facts when we
go forth to engage in a
warfai'e against an insect.
Scientific
investigations,
and patient and jjainstaking stud}' of an obnoxious
280.—L.ii-^a; or ;;i-ubs of the roimdhoadetl
sjiecies, liave often bi-ought FIG.apple-treo
borer exposed by removal of bark
to light a (1 V a n t a g e o u s
points of attack in the most unexpected j)laccs. The success of our
future strenuous struggle witli insect i)ests depends ujjon the knowledge we have concerning them.
Biological Control of Fruit Insects
By biological control of insects is meant their suj)pression ilirough
the use or encouragement of their natural enemies, such as fungous
and bacterial diseases, i:)arasitic and predacious insects, birds, and
other organisms. Probably tlie increase of all fruit insects is
checked, at least periodically, by these natural agencies. There are
undoubtedly many sisecies of insects which have never attracted
special attention but which would become excessively destructive
were these natural checks to their increase removed.
In certain cases we can assist biological control through artificial
means. The presence of insect-desti'oying birds nuiy be encouraged
in the orcharcl by providing nesting places and water in sununer and
food in winter, and by protecting them at all times against such
enemies as hawks and cats. Birds destroy immense numbers of
apliids, moths, and woodborers. In the United States 36 kinds of
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birds are known to feed on the codlin^y moth, with the result that
frequently from 60 to 90 per cent of the overwintering larvœ are
devoured.
In some cases entomogenous fungi (fungi that attack or destroy
insects) have been used artificially to produce contagious diseases
among insects. The fungus {Entomophthora áulica') has been distributed
among the caterpillars of
the brown-tail moth in
Xew England, and imder
some conditions has spread
and killed from 63 to 100
per cent of them over areas
of considerable extent. In
a similar way the so-called
red fungus {Aschersonia
sp.) has been used to infect and control the white
fly of citrus orchards in
Via. 2.!1.—The pecan mu-ciise bearer
Florida, and the fungus
Sphaerostilhe coccophila has become an important check on several
destructive scale insects, especially in the Gulf States.
The most extensive and effective work in biological control, however, has been in combating injurious insects by encouraging other
insects to prey u^îon them. This method of dealmg with orchard insect pests began with the historic introduction in the winter of 1888-9
of a ladybird beetle {Vedalia
cardinalis) from Australia
into the citrus orchards of
California for the purpose
of checking the ravages of
tlie cottony cushion scale
{Icerya purchasi) (fig. 220).
This scale insect, accidentally
introduced from Australia
about the year 1868, attacked
the citrus tree, and within 20
years the whole citrus business of that region seemed
doomed. The United States
Department of Agriculture
obtained 127 specimens of
the ladybird beetle, which
liad been discovered feeding
upon the scale insect in its

p,G. 232.—injury to apples by the plum curcuUo

native home, liiese beetles
were released in the infested orchards in California, and within 18
months they had practically cleaned out the pest. Quite naturally, the success of this attempt led to much visionary speculation
regarding the possibility of artificially setting one portion of the
insect population to the task of ridding the earth of the more
objectionable kinds. Although the idea has been carried to
extremes, it is sound within certain limits, and this method
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of insect warfare is receiving considerable attention in this country
at the present time.
At the close of 1923 about 75,000,000 predatory and parasitic insects, representing 45 species, had been brought from Europe and
released in the Northeastern States to prey upon the gipsy moth. At
least 15 of the species have become established and are attacking
the insect. From 1920 to 1922 agents of the Bureau of Entomology
found in Japan 11 species of parasites attacking the Japanese beetle.
Of these parasites 326,000 were secured and brought to America îtnd
released in the region near Philadelphia, where the Japanese beetle
has become established. A great many species of introduced parasites and predacious insects are assisting materially in holding scale
insects, aphids, and mealybugs in check within the citrus orchards
of Florida and California. In California these beneficial species are
reared in laboratories in enormous numbers and liberated among
the insects which they are expected to destroy. Perhaps no other
method of holding fruit insects in control has greater promise than
this practice of using the natural enemies to destroy the harmful
species.
Present Losses and Costs of Fruit-Insect Control
The total tax imposed by insects upon the fruit industry of this
country is difficult to compute. Many statistics have been compiled which are based upon our best sources of information and are
considered conservative. These statistics are arrived at with great
difficulty, for in addition to the visible and direct attacks there must
be charged against insects the general weakening of trees and plants
upon which they feed, secondary troubles which follow attacks, the
enormous costs of investigations, inspections, and control measures
and the execution of the numerous laws relating to injurious species,
to say nothing of the annual tax levied upon every fruit grower in
the cost of sprays, dusts, fumigants, and other means of control
and the cost of applying them, all of which must be taken into consideration in determining the cost of producing the product.
In 1907, Quaintance ^ estimated the annual shrinkage of the apple
crop in this country due to the codling moth at $12,000,000, the added
expense of control bringing the total to $15,000,000 or $16,000,000.
He placed the annual loss from all fruit insects at $66,000,000.
Herrick ^ gives the annual cost of spraying for the codling moth as
$4,000,000, and for the San Jose scale $10,000,000. The total cost
of combating the gipsy moth in this country since its introduction
has now exceeded an expenditure of $20,000,000, and we are continuing to spend $1,000,000 annually for its suppression. Other expert
estimates place the annual loss from the codling moth in Illinois
at $2,375,000 and New York at $2,500,000. Quaintance has estimated the yearly loss from the plum curculio at $8,500,000. Snapp ®
states that the outbreak of the plum curculio in the peach belt
of Georgia in 1920 cost the peach growers $2,000,000. In 1923
Felt^^ found that the annual cost of enforcing plant quarantines
in the various States was $1,500,000. Large as these estimates seem,
they are well considered and are probably below the actual cost levied
by these pests.
^ Report National Conservation Commission, 1909, p. 1065.
8 HEURICK. INSECTS OF ECONOMIC IMPORTANCE^ pp. 2-3.
«> Circular 216, U. S. Dept. of Agr., 1922.
^^^ Journal Economic Entomology, vol. 16, No. 1, February, 1923, p. 39.
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Present-Day Efficiency in Fruit-Insect Control

With highly organized ctforts along many lines of fruit-insect
suppression, efficiency in control is gaining steadily. Our foreign
and domestic quarantines are preventing to a large degree the introduction and spread of dangerous fruit pests. Prompt measures have
resulted in the stamping out of local infestations of foreign species,
and in other cases are retarding the spread and increase in areas of
infestation. Biological control, especially of introduced fruit insects,
is advancing rapidly. Through the good work of introduced natural
enemies the gipsy and brown-tail moths have recently reached their
lowest stage in destructiveness for many years. Scale insects, aphids,
and many species which are susceptible to arsenical sprays, with
modern machinery and improved insecticides are being controlled
more effectively than in the past. After years of unsuccessful attempts in the Eastern States and on the Pacific coast to control the
peach-tree borer with insecticides this result is now being accomplished with paradichlorobenzene (figs. 227 and 228).
Among the factors that are producing greater efficiency in fruitinsect control, there should be mentioned certain practices in spraying that make especially for its effectiveness and economy in use.
Spray schedules—Schedules for spraying orchards, vineyards, etc.,
have been worked out for most sections of the country, whereby the
time of treatment is coordinated with certain periods of susceptibility on the part of the insects being dealt with. These schedules
vary to suit the locality and the habits of the particular insects, and
provide safe rules whereby treatments may be given with the greatest possible economy and effectiveness.
Comhination treatments,—For years growers have sought to apply
treatments at such times and in such a manner as to destroy, if possible, more than one kind of enemy. With this end in view, a
great many combination sprays have been evolved Avith the result
that at present large spraying operations are seldom carried on which
are directed at a single insect. The great proportion of liquid sprays
and dusts now used in orchard work contain both insecticidal and
f ungicidal properties. Such are the lime-sulphur preparations, which
have been used for spraying so extensively and which destroy or prevent both insects and diseases. By the addition of nicotine sulphate
to arsenical sprays and dusts the mixtures are made effective against
both chewing and sucking insects. As an illustration, sprays intended primarily for destroying the codling moth, may be so prepared and timed as to kill a dozen other pests in the one application.
The margin of profit resulting from spraying and dusting is greatly
increased by the ability of the fruit grower to effect widespread destruction of his insect and fungous enemies at one and the same time.
Spray rings,—It is often possible for a group or community of
small fruit growers to cooperate in spraying operations with great
saving to its members. By combining forces they may economize in
labor and in the expense of purchasing and operating their outfits.
Several growers may unite in buying and operating a spraying
machine of high power and sufficient capacity for their combined
orchards at less cost to each and with better results in destroying
pests than if they were to act independently and expend a like
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amonnt of time and money on less expensive outfits (fig. ^33). By
(■ooj)erative jxireliase of matei'ials and their application sjirayinfr is
usually done in less time and at less cost than could he accomplished
otherwise.
Needs and the Future Outlook
There is no prospect of any cessation in the need of continued
strenuous warfare against fruit insects. Doubtless, in the future as
in the i)ast, some species will decrease while others increase, and
there will be fhu'tuations from season to season, but profitable crops
of sound fi'uit will be obtained only by protecting tliem from insects.
It is reasonable to suppose, however, that the trouble and cost of protection will not greatly increase, in fact, future discoveries and
iiu'entions. and better understaiubuij: of the natiii'al laws uoN'erninir

FIG.

283.—.\ comparatively simple and incNponsivc power sprayer sucli as Is frec]iieiitly
used in si)ray-rin;i wurlí

insects, nuiy sini])lify tlie nuuiy i)roblems that confront us. For
example, more definite standards in the chemical compositions of
insecticides which fruit growers ai-e using so extensively will enable
them to kill the insects without the present danger of injuring trees
and plants.
We have neetl of better methods for killing boring insects which
)jeneti-ate the wood of orchai'd ti-ees; for less expensive and more
eñective methods of killing insects in the ground. "We need better
international arrangements whereby plants and fruits intended for
this country from abroad would be insured fi-eedom from dangerous
insects before shipment. There is need of increased facilities and
funds for more thoi'oughl}' safeguarding the country at ports of
entiy, against the introduction of additional dangerous insects.
These and many other problems are receiving attention at the liands
of Federal and State entomolo<iists.
91044°—2G-

-:?:î
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Certain recently established pests are at present in a problematical
position as to their future effect on the fruit-growing industry, and
may well be specifically considered, in tiiis connection.
Japanese beetle.—In August, 191G, about a dozen specimens of a
hitherto imknown beetle were found bj' nursery inspectors in the
vicinity of Riverton, N. J. The beetles which were near the size
of the common potato beetle, and brilliantly colored in green and
bronz, wore distributed over an area of not more than half a square
mile. It was subsequently learned that the beetle is a native of
Japan, where it is known to feed upon the foliage of beans, i-ose,
ajjple, and various other plants, but in that country has never
attracted a great deal of attention. It is supposed to have reached
this country as a grub in
soil al)out the roots of imported perennial plants.
From the time of its discovery the beetle lias multiplied and spread with
surprising rapidity. In
1917 tiie area where it
was found increased from
about half a square mile
to nearly 3 square miles.
In li)18 the infested area
increased to nearly 9 s<|uare
miles; in 1919 it grew to
4<S s(|uare miles; in 19'2()
to 103 square miles; in
1921 to 270 sqtuire miles;
in 1922 to 770 square
miles; in 1923 it covered
a territory of 2.r)(X) square
miles; and in 1924 the infestation had spread to
5,200 square miles.
Not only has the beetle
.lapiincae beetle clustered on
rapidly extended its area
rl|>euiut; peucli
of infestation, but it has
increased in j)opulation within this area. The larvae, which live
in the ground, are found in increasing numbers at the center
of the infestation. Thus, in 1921 the largest number found in a
square yard of soil was 311. In 1922 as many as 1,031 were found
in a square yard of soil, and in 1923 the greatest number found in
that area of soil was 1,531.
The beetles feed ravenously on the foliage of many kinds of plants.
They cluster over and devour ripening ajjples and peaches, as
well as injuring the foliajie of the trees. (Fig. 234.) Their food
plants include beans, roasting ears, such flowers as althea and roses;
they devour the leaves of grape, blackberry, alfalfa, clover, corn,
and such trees as birch, oak, elm, linden, and many others, besides
many kinds of garden and roadside weeds. At least 212 species of
plants are attacked. On account of its habit of injuring fruits
it is regarded as a serious pest by orchard owners, as well as by
growers of small fruits.
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A vigorous campaign is being waged against it, in which every device that is known for suppressing such insects is brought into use.
To prevent the insect from being carried outside the present infested territory strict Federal and State quarantines are being enforced. A spray has been devised by which excellent protection has
been obtained for such fruits as apple, cherry, and grape, and for
the foliage of shade trees and ornamental shrubs. Successful methods
are also in use for killing the grubs in the ground and in soil about
the roots of living plants.
The introduction of natiiral enemies, as insect parasites, is being
prosecuted on a large scale, and with encouraging results. Thou.sands of parasites belonging to species which
have held the beetle in
check in its native home
are being collected and
reared for release in
the infested region of
this country.
Oriental fr-uit moth.—
In November, 1916.
Quaintance and Wood,
of the Bureau of Entomology, called attention
to the discovery in the
District of Columbia
and environs of a small
moth attacking peaches
which was believed to
be new to the United
States and apparently
not hitherto known to
science. The i n j u r y
caused by the insect
was described as resulting from the boring of
twigs and friiits of the
peach and the twigs of
plum and cherrv by the ^'*'- -^^-—Larva of the orientai fruit motil in green

r

,n

^^^v "

*^

peat'li

larvae (fig. 235).
Fear was expressed that another formidable insect enemy of deciduous fruits had become establislied in America. Subsequent develpoment has shown that this fear was well founded. The year
following the discovery of the insect thorough scouting of various
parts of the United States was undertaken to ascertain its distribution. This survey revealed that the insect was abundant in New Jersey, occurred in southern Connecticut and Long Island, and further
that there was a strip of infested territory on each side of the railroad lines between Washington and New York. Although it can
not be positively stated, it is probable that the insect was independently introduced in several localities, especially in Xew Jersey and
Long Island. No other indication of the insect in the Ignited States
was discovered. During the next two or three years the insect
spread rapidh' from the infested territory into southern Pennsyl-
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vania, parts of Maryland, and extended its range materially in
New Jersey. It also demonstrated its capabilities for serious damage,
especially to late varieties of peaches.
During the summer and fall of 1924 the Bureau of Entomology,
in cooperation with the Federal Horticultural Board and various
State officials, undertook as complete a survey as possible to determine the distribution of the insect east of the Mississippi River,
the results of which show that the insect is now present in Georgia,
Florida, Alabama, Mississippi, Arkansas, Tennessee, North Carolina,
and Indiana, in addition to the States already mentioned.
In the meantime the insect has maintained its injuriousness, and
there can be no doubt that the peach growers are confronted with
a first-class pest in the so-called oriental fruit moth, La^peyresia
molesta Busck.
Experimental w^ork in orchards for its control has not yet pointed
out any very satisfactory means of reducing its injuries. The New
Jersey State Agricultural Experiment Station is devoting considerable attention to this insect, and it is stated that by following
several procedures, the insect can be materially reduced. Fortunately the oriental fruit moth is much subject to attack by native
parasites, and from the eggs, larvœ and pupae of the pest there
have been reared 11 different parasitic species. During 1917, in
Maryland, about 80 per cent of the eggs were parasitized, and in
1918, four-fifths of the insects are reported to have been killed
in this way.
Camphor scale,—In 1896 there was described from California a
new species of scale insect which had been brought into a nursery
in San Francisco from Japan. The insect attracted no attention
thereafter for about 20 years, when it was rediscovered on camphor
trees in New Orleans. An examination of the premises around the
infested camphor trees disclosed the fact that the scale was attacking many other species of plants in the vicinity. During the following year the insect spread rapidly and subsequently was found
on 172 kinds of plants, including camphor, fig, rose, hickory, oak,
elm, citrus trees (fig. 222 on page 494) and many other trees and
plants. On man}'^ of the plants attacked the insect had a toxic
effect, the presence of only a few individuals being sufficient to
cause the leaves of a twig to drop. Occasionally death resulted
to iniested trees within six months after the first attack.
This scale insect is very prolific, a female producing from 200
to 250 eggs. The youïig on hatching are small, mitelike creatures
which move about over the bark in search of places to settle and
draw nourishment from the plant. Curiously enough, in this
young stage the males gather on the leaves and the females on the
twigs.
Fruit flies.—There is a large group of two-winged fruit flies
inhabiting many parts of the world which already are fruit pests
of great importance and which threaten to become even more destructive in the future. The various species of these flies differ in
size, but average perhaps somewhat smaller than the common house
fly. Their general colors tend toward light shades of yellow and
brown with darker spots and stripes on the wings, many of them being rather prettily marked. The flies insert their eggs beneath the
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skin of fruits, thus providing the numerous maf^gots which mine
throu<rh the flesh and ruin it for use. There are several native species
of flies in the Ignited States which attack our deciduous fruits,
and also numerous forei<rn species which are in danger of introduction into our southern fruit regions. At least one foreign
species, the papaya fruit fly {Toxotrypana curvicauda), has become
established in Florida, where it is attacking and greatly injurying the wild and cultivated papayas.
The Mediterranean fruit fly {Ceratitis capitata), the most destructive species of the entire"^ S^ouP; has spread to all continents
except that of North America. Though originally confined in all
probability to western Asia, it has
noAv spread to Tunis, Algeria.
Egypt, South Africa, Asia Minor.
Spain, Italy. Sicily, Greece, Australia, Argentina, Brazil, the
Azores, New Zealand, Tasmania,
and Bermuda. It found its way
into our island possessions of
Hawaii about the year 1910, and
within two years had spread to
every important island of the
group where it is now known to
destructively attack 72 kinds of
fruit, including oranges, lemons,
grapefruit, bananas, avocados,
pears, phuns. grapes, and even
eggplants and tomatoes (fig. 23C).
In 1921 the quarantine inspectors of the Federal Horticultural Board intercepted the
Mediterranean fruit fly on five
occasions in coffee berries arriving from Hawaii, and it has been Fui. 236.—MajtKots of the MfUitenuneau
found many times recently arfruit fly In mango
riving in grapes from Almería,
Spain. It has also been found in apples from France and in jjeppers,
avocados, and rose apples from Hawaii.
Another dangerous member of the group is the Mexican fruit
fly (Anastreph-a ludens Loew), which attacks oranges, grapefruit,
limes, plums, peaches, and other fruits in Mexico, and is a constant menace to our citrus groves in California, Louisiana, and
P'lorida. Tlie AVest India fruit fly {Anastrepha fraterculus Wied.),
occurs in the "West India Islands, South America, Central America,
and Mexico, and is a destructive insect of many tropical fruits. In
192:5 quarantine inspectors found maggots of this fly on 10 dift'erent
occasions entering the port of New York in mangos from Jamaica.
It has also been found entering our ports on sapodillas and guavas
from the same island.
In addition to the species previously mentioned there are the olive
fruit fly {Dacus oleae Rossi), of Africa and western Asia, the melon
fruit fly (Bactrocera meubitae Coq.) of oriental countries, the papaya
fruit fly, already established in Florida, the banana fruit fly {Bracto-
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cera cu/rvipennis Frogt.), of the Cook and Tonga Islands, the Queensland fruit fly {Bractocera tryoni Frogt.), of Australia and other
countries, and the Natal fruit fly {Ceratitis ruhivora Coq.), of South
Africa. The grave danger from the introduction of these flies into
our fruit regions adds emphasis to the need of a continuation and
enlargement of our foreign-quarantine service. There are at least
20 foreign species of fruit flies that are in danger of introduction
into this country. Every year the inspectors at our ports of entry
find representatives of the group, usually in the maggot stage, in
shipments coming from various countries, and it is undoubtedly
owing to the vigilance of these inspectors that many of the species
are not already established here.
Among the fruit flies which are native to this country, the apple
maggot, or railroad worm {Rhagoletis poTnonella) is the best known.
The maggots of this fly often riddle the flesh of apples in the northeastern sections of the United States. There are two native cherry
fruit flies, and two that attack currants and gooseberries. There are
also two nearly related native species which attack immature walnuts.
Diseases in Their Relation to Vegetable Culture
The economic relation of diseases to the production of vegetables
is of greater importance to the grower of these crops than is generally
realized. Some hold that reductions in yield due to diseases do
not materially affect the total money returns from a crop because
of the resulting increased price received for the remainder, but
careful analysis of this point of view shows it to be erroneous.
The growing of vegetables without adequate attention to disease
control adds to the uncertainties of production, and leads to waste
of land, labor, and all expenses incident to growing, harvesting, and
marketing the crop, as well as poorer quality, greater losses in
transit and storage, and last, but not least, dissatisfied customers.
On the other hand, the successful control of crop diseases results
in larger yields from a smaller acreage, which requires less fertilizer
and lowered production costs. Produce so grown requires less sorting to fit it for market, is not as liable to decay in transit or storage,
is of better quality, and therefore brings better prices and gives
greater satisfaction to the consumer. The successful application
of disease-control measures in crop production results in economy
of land and effort and in the greatest certainty of production. A
reduction in yield due to the ravages of disease produces quite a different economic result from that obtained by a carefully planned
decrease in production from planting a smaller acreage with maximum yields of sound vegetables resulting from effective fertilizing,
tillage, and disease control.^^
Disease Losses
Losses from truck crop diseases naturally are divided into two
general classes, direct and indirect. Direct losses from diseases are
" It is the purpose of this section to point out the different types of disease losses, to
discuss briefly the more important methods and the more recent developments in vegetable disease control, and to indicate their application in a few representative cases. The
details of known specific information regarding the symptoms, life history, and spread of
many individual diseases, together with directions for their control, are now available In
the form of station bulletins and Farmers' Bulletins, which may be obtained free from
the various State experiment stations or from the United States Department of Agriculture.
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those wliicli iiiiiiiediately ailVct the growers' returns from liis crop.
Indirect losses from diseases manifest their effects through weakening
the phmt, i-ertdering the hind unfit for production, and througli tiio
hreaking down or decaying of the jn-oduct after it leaves the grower.
Direct losses, on which estimates are usualh' hased, may include
the following: (1) 'J'he killing of the plants before they have
reached juaturity, as often occurs in onion smut (hg. 2:57), cabbage
yellows (fig. Í23S), and pea root rot; (¿) stunting or injury to the
plants and conse(juent reduction in yield and quality of the crop, as in
the case of late blight and virus diseases of the potato; (3) the decay
or serious disfigurement of the product making it unmarketable, as in
cabbage l>lack rot and cucumber mosaic (fig. 239) : and (4) injui'v

I'.'iT.—i-'if'ld of oniims on yinut-init'slod soil wliere lorniitlitrliydo was applied.
The disease has killed a lar;ie percontaííe of the plants in the two untreated rows
iu the center, wliilc t\u: remainder of tlie Held has praeticallv a full stand. I'roui
Massachnsetts Agi-icullnral ExiierinicTil Station lînllelin

I'K;.

by diseases wliich re(hices the grade of and thereby the returns from
the marketable product, as in the case of j)otato scab and bean anthracnose. Although no estimates covering siicli direct disease losses
to all vegetable crops are available, the best obtainable figures for
two of the more important truck cro]>s give an indication of tlie gtMioral disease situation and may be considered as fairly representative
of the entire field. These estimates have been made by the Plant
Disease Survey of the Ignited States Department of Agriculture
fi-oni data gathered by the plant ])athologists in the various State
t'X]ieriment stations and are believed to be conservative.
With an actual ])roduction of over 4.')(),()0().()()0 bushels of ])otatoes
in the United Slates in 1922, the estimated reduction in yield (hie
to all diseases, as comjnited by this authority, was over 120.()0().00a
bushels, or more than 21 per cent. The sweet i^otato cro]) for the
same year from 12 important producing States was slightly over
72.000,()()() bushels, and the estimated yield reduction causediiy all
sweet-potato diseases in these same States was over 20.000,000 bushels
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or more than 20 per cent. In other words, figured at the average
yield per acre for 1922 (105 busliols for potatoes and 98 bushels
for sweet potatoes) the total estimated loss from all diseases of the

J'li'. i;';t-. -A liulcl with ■'i:ibbaHi'-!ikk " soil, Dn>.st of tlic iJlants liaviu;; lici'u Idllcd liy
tlif yellows. A few plants have withstood tlie disease, and if such arc sidecti'd for
seed and the process repeated for several years a resistant strain may he ohtaii]i'il

'¿'.\\i.—Small cueuuibers of pickling size from mosaic vines showiui? irrei;nlar,
warty growth, off Bha|)e, and yellowed or rusty color, with dark-green wart.s, making them unmarketalile

FIG.

crops mentioned represents the entire average crop on 1,142,857
acres of potatoes and on 205,816 acres of sweet potatoes. When we
add to this the similar disease losses on other vegetable crops, the
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result is a direct annual loss so great that it becomes a matter of
national importance.
The indirect losses due to disease occurrence, in addition to those
on which loss estimates are generally based, include the following:
(1) Soil infestation with disease-producing organisms which may
cause further and more serious losses in subsequent years; (2)
reduced land values due to the inability to grow the most profitable
crops for which it is specially adapted; (3) the necessity of growing less profitable rotation crops on the land to reduce disease infestation; and (4) the expense of applying disease-control measures
to prevent or reduce losses. These types of losses are illustrated
by cabbage yellows, potato scab, sweet-potato stem rot, and in the
aggregate amount to large sums each season.
further indirect losses^ result from field infection with diseaseproducing or secondary organisms which may later cause, decay, of
the produce in transit, market, or storage, as illustrated by watermelon anthracnose aiid stem-end rot (fig 240), the late blight of
potatoes (fig/ 24-1), celery watery soft rot, and numerous other
troubles. Iii the single item of watermelon shipments from four
Southern States in 1918, a minimum loss of $1,250,000 was estimated
from an analysis of market inspection records. This was due very
largely to the attacks of ahthracnose and stem-end rot. In a single
week 2,500 hampers of Louisiana head lettuce had been rejected as a
total loss on the track in Chicago, due to disease developing during
transit. In 1922 over 11,000,000 bushels of sweet potatoes rotted in
storage as a result of the attacks of various diseases. Information
regarding the extent and causes of the heavy losses which were being
sustained by the shippers and the railroads in the handling of perishable products was not available until after the inauguration of the
market inspection service and related* pathological research by the
United States Department of Agriculture,^ In 1923 over $10,000,000
was paid hj the American railways on claims for losses of fruits and
vegetables in transit, which were doubtless largely due to plant
diseases.
In some instances the damage to crops is so severe as to cause
the abandonment of established industries, while in others it constitutes a more or less serious annual tax on the producer, the severity
of the attacks varying from season to season depending on environmental factors. The presence of cucumber scab and mosaic disease have been responsible for the discontinuance of many salting
stations of the cucumber-pickling industry in Wisconsin, Michigan,
and Indiana during the last two decades. Prior to the development
of resistant varieties the yellows disease of cabbage had, in numerous
instances, notably in Wisconsin and Ohio, caused the virtual discontinuance or serious curtailment of the crop. The fusarium wilt of the
tomato is widespread, especially in the Middle Atlantic, Central, and
Southern States, and has annually rendered culture of tomatoes unprofitable on many thousands of acres of otherwise productive land.
Likewise watermelon wilt is very prevalent and serious on many of
the sandy soils in the Southern States, which were formerly planted
to watermelons.
Even though losses from other diseases have not occurred with
sufl3.cient regularity to cause the abandonment of established indus-
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tries they are, nevertheless, important either because of more or less
re^çular annual losses or of occasional severe damage under weather
conditions favorable to epidemic occurrence of a disease. Examples
of the fonner are found in the virus diseases of the potato, such as
mosaic and leaf roll, and of the latter in the late blight of potatoes
or the downy mildew of vine crops.
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Concentration of production, together with the tendency to plant
the land in tlie same crops during successive years, creates conditions
favorable to the rapid spread of plant diseases and the consequent
severe losses from them. Until effective and practicable methods of
controlling each disease is worked out and made a part of agricultural practice, heavy losses will frequently occur.
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These facts serve to illustrate the general nature and the seriousness of disease losses to truck crops and to emphasize the significance
of disease control in their successful production. It is therefore
essential that growers of such crops should have as complete and
accurate information as possible regarding the diseases which are
liable to reduce their crop yields, in order that they may be able to
recognize the first symptoms and apply the appropriate remedies at
the proper time. It is of even greater importance that growers know
the best methods of avoiding or controlling these diseases, and by
the application of this information, combined with the use of the
best horticultural practices, be
enabled to produce large yields
of healthy crops for Avhich
they can obtain the best prices.
With the develo^iment of
vegetable pathology in this
country, which has come
largely during the last 25
years, there has been a progressive advancement in the
knowledge of the causes of
vegetable diseases and a corresponding improvement in the
methods of control. Many FIG. -¿ii.- -I'otato tulwis aHec'letl witU lateblight rot
problems in plant diseases remain unsolved, new problems
will undoubtedly continue to present themselves, and existing methods of control will be improved upon. Xevertheless there is now
available a very large amount of accurate information on ¡jlantdisease control wdiich is resulting in the reduction of losses to growers
as rapidly as the facts are put into their hands and introduced by
them into farm practice.
Disease-Control Methods
Crop rotation.—One of the most fundamental and generally applicable methods of vegetable disease control, though far from universally effective, is that of crop rotation. In horticiüture the term
rotation is generally used to refer to the rather common practice
of changing crops for the purpose of maintaining soil fertility. In
plant-disease control crop rotation has also the important function
of starving out disease-producing organisms by avoiding the planting of the crops on which these occur. Such a use of crop rotation
to be effective must be based on certain fundamental information
regarding the disease organisms. Among the facts required to formulate an effective rotation is whether the disease organisrn actually
lives over winter under the prevailing conditions either in the sod
or on refuse from the diseased crop left on the surface of the soil
or plowed under. If able to live under these conditions, the length
of time it can thus survive will influence the character of the rotation necessary to eliminate the disease organism. It must also be
known what crops are susceptible to the disease, since only those
not attacked by it should be included in the rotation.
It has recently been shown by carefid research that some disease
organisms apparently do not live over winter, either in the soil or

518

Yearbook of the Department of Agriculture^ 1925

on diseased plant remains, under any known conditions. This is
the case with the bacterial wilt of cucumbers and related vine crops
and the angular leaf spot of cucumbers. For the control of these
particular diseases rotation would, therefore, be of no value, and
control must be effected through other means. However, in the
case of tomato leaf spot, due to the fungus Septoiia lyoopersici^
recent results indicate that while the fungus will live over winter
in the latitude of Washington on diseased leaves and stems of tomatoes and certain weed host j^lants when these are left on the
surface of the soil it will not survive if the diseased parts are carefully and thoroughly plowed under in the fall; hence a large degree
of control is obtained by this simple method.^^ On the other hand
the causal organisms of bean and cucumber anthracnose, onion smut,
potato scab, and numerous other diseases are able to survive in the
soil for one or more years; hence it is not safe to follow onions
with onions or potatoes with potatoes if any of these diseases is an
important factor in crop production, but a rotation interval longer
than the period the organisms are known to remain in the soil is
required. In the case of cabbage wilt, tomato wilt, and other similar diseases it is known that the causal fungi can live in the soil
for long periods, so that little or no benefit results from crop
rotation.
In order that crop rotation, where applicable, may be effective
in disease control, care must also be exercised to prevent reinfection
of the fields either through the planting of diseased seed or from
the use of disease-infested manure, or by placing the remains of
diseased plants, such as pea vines from the cannery or cabbage
leaves from the sauerkraut factory, on land to be used for the production of that crop next year. Furthermore, drainage water from,
higher-lying infested fields should not be allowed to flow or spread
over uninfested fields.
The most effective use of crop rotation as a means of disease control consists in planting the affected land to crops known to be
immune to the disease in question for a period sufficiently long to insure starving out the causal organism and to guard against reinfection in every possible way.
Soil treatment,—Soil treatments for the control of truck-crop
disease organisms which live in the soil, such as root knot, dampingoff, and "drop," naturally fall into two classes: (1) Treatment of
small quantities or areas of soil, as greenhouse flats or beds, coldframes or seed-beds; and (2) field treatments. Certain methods
which are practical, effective, and well-nigh indispensable in greenhouse culture or in the handling of seed or plant beds are too expensive and impractical for field use. Nevertheless, there are wellworked-out and effective methods for disease control by means of soil
treatment on a large scale which are extensively used on certain crops
and are considered indispensable to their profitable culture.
Soil treatment in greenhouses and plant heds.—Conditions obtaining in greenhouses used for growing such vegetables as tomatoes,
lettuce, and cucumbers are often very favorable for the development
of certain soil-borne diseases, such as damping-off of seedlings,
^ PKITCHAK», FBED J., and W. S. PORTE,
Dept. Agr. Bull. 1288, 18 pp., Sllus., 1924.
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root knot, and lettuce drop. The method for reducing losses from
these diseases prior to the introduction of soil treatment consisted
in frequent changing of the soil. Though fairly effective in some
cases where the less serious diseases were concerned, this method
involved a very large amount of labor in handling the soil and had
to be repeated practically every year, owing to the rapid reinfestation of the soil from disease organisms remaining in the subsoil,
on the sides of the beds, or on the tools used, and furthermore, was
frequently ineffective owing to the uncertainty of procuring diseasefree soil for replacement. ^
There are two kinds of soil treatment, the first involving the application of heat and the second the use of chemicals for killing the
disease-producing organism. The method best adapted to the control
of the specific diseases and to local conditions should be selected.
Hot water and steam> treatments,—Soil sterilization by means of
live steam or hot water are effective to a degree. In addition to the
control of plant diseases, these methods kill insects and weed seeds
in the soil, thus reducing the labor of weeding the crop, often a very
important consideration. The mechanical condition of certain
heavy, silty soils, however, have been so altered by steaming that
their water-holding capacity was seriously injured and extreme care
was required to bring them back into a friable and normal condition.
Although such cases are rare, before undertaking on a large scale the
treatment of greenhouse soils of a silty nature with steam or hot
water, it is wise as a precaution to try a small plot to determine if
any unfavorable results may follow.
Hot water at or near the boiling point applied directly to the soil
from a hose, has been used with slight success in greenhouses in the
Boston districts, but this method is not as widely used as are the
various steam-sterilization methods.
The hot-water method is useful for the treatment of soil in pots,
flats, or shallow benches to control diseases (fig. 242), especially in
situations where steam is not available. Pots of the smaller sizes,
filled with the soil to be used, may be immersed for five minutes in
boiling water, then allowed to drain and dry out until in proper
condition to plant. Flats or shallow benches may in like manner be
treated by drenching with boiling water at the rate of 9 quarts per
square foot of soil 4 inches deep. ^^
The type of soil treatment by steam which was first used involved
the removal of the soil from the beds or benches to a wagon box or
similar container in the bottom of which was placed a series of
l^/^-incb steam pipes perforated on the under side at 6-inch intervals
with %-inch holes to allow the steam to escape into the soil, and connected with a boiler which furnished the steam. The soil was covered with a tarpaulin or similar material to confine the steam and the
steaming continued for an hour or until a potato placed in the upper
few inches of soil was thoroughly cooked.
A modification of this method which is especially useful for treatment of small quantities of soil for use iii flats, pots, small propagating benches, and seed beds, and which ensures a more thorough
heating of the soil, involves the use of a steam-tight chamber built
^3 BYARS, L. P., and W. W. GIIíBERT,
SOIT^ DISINFECTION WITH HOT WATER TO CONTROL
THR ROOT^KNOT NEMATODE AND PARASITIC SOU. FUNGI. U. S. Dept- AgF. Bul. 818, 14 pp.,

illias., 1920.
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of matched lumber, in which the soil can be exposed to a steam
bath for any desired len<içth of time.
A further improvement on this is the use of a steam chamber built
of reinforced concrete, or the utilization of one of the large processing kettles, 6 feet deep and 40 inches in diameter, commonly
emjjloyed in canneries for sterilizing canned goods (fig. 243). In
these it is ¡jossible to maintain a steam pressure of 10 to 15 pounds
and thus obtain increased temperature and thorough sterilization
of the soil in a much shorter time than with live steam not under
pressure. There are several methods of treating the soil of commercial greenhouses with steam without moving it from the beds
or benches which are more practical and less expensive. A method

FIG. :J4;;.—Tomato

and lettuce plauts sliuwiuK results of hot-water trcaliueut oí soil
infested with nematodes and soil tuiiKi. Right, untreated, plants badly stunted and
roots severely attacked by soli organisms ; left, same soil treated with 3.6 gallons of
boiling water per cubic foot. Plants and roots healthy.

which has been used in many large greenhouses, and by some is
considered the best, consists in laying permanent lines of 3 to 4-inch
unglazed drain tile lengthwise of the ground beds at intervals
of 18 to 24 inches and 1 foot to 18 inches deep, through which steam
may be discharged for the desired length of time from the steam
heating plant. The same tile may be used for subirrigation during
the cropping sea.son (fig. 244).
One and one-half-inch iron pipes, with y¡j-inch holes drilled
at 6-inch intervals on the under side, may be used for the same
purpose, but such pipes rust readily and hence are not as desirable
for permanent installation as the tile. Although the initial cost
of installation of such equijiment is very high, it will be available
for a number of years and the labor of moving the soil each time
it is sterilized is obviated.
The inverted-pan method by which a sheet-iron or wooden pan
about C by 10 feet and 6 inches deep is inverted over the soil to be
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2-13,—t'nnncrs' procossing kettle (0 feet Ijy 4U inches), used for snil sterilization. Soil in bags, iwts, ur flats can be treated one to live hours witU steam at
a pressure of 15 pounds

FIG.
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treated and steam discliarged into it for one-lialf to one hour is in
quite oouiiuon use because of its simplicity and small cost (ii<r. 24;")).

Kio. 244.—Grwiihoiise with tile iiistnlled in fiiiiiiiid licds for stouiuiiig and sliowiuK
Cdiinection with steiim systi'iii

In all these methods it is assumed that steam can be supplied
from the greenhouse-heatih<r plant or from a portable boiler, and
at a pressure and in such volume as to render the work practical
and effective. The soil should be thorouphly si)aded up and all
manure added prior to
treatment to avoid danger of reinfestation.
These same methods
or adaptations of them
to meet local conditions
can also be used to
treat the soil of out-ofdoor seed beds employed for growing
tomato, cabbage, and
other plants, steam being supplied by a
tractor or other portable boiler. In the case I'IG. ;;4ri.— Stwun steriliziui; the soil in ;i cabliajíf s<(d
bed iu Ohio hy means of an inverted pan, the steam
of sweet - potato beds,
being supplied from the boiler of a traction engine
new clean sand direct
from a sand bank is generally used in preference to any method of
treating old sand.
Chemical treatments.—In some instances it is not feasible to get
steam for soil treatment. Under such circumstances certain soil
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diseases, particularly dampinp-ofF and rhizoctonia I'oot rot, can be
controlled by drendiinfr tlie soil with formaldehyde, using '2 to S
quarts of a 1 to 200 solution to a square foot of bed and having tlie
soil well spaded and in good tilth when treated. This method has
given excellent results but is open to the objections that the addition of such a large quantity of water to the soil requires a long
time foi- it to get into condition for planting, especially when used
on seed beds in the spring. Furthermore, the fumes of formaldehyde left in the soil sometimes have a tendency to retard the germination of some seed, and, in addition, weed seeds and nematodes are
not killed.
In some cases damping-off, rhizoctonia, and other fungi may be
checked after seedlings are up by watering the flats or seed beds
with weak solutions of mercuric chloride, Cheshunt compound, or
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with one of several commercial oi-ganic inercury compounds, though
the toxicity of tliese solutions to different plants has not as yet been
tlioroughly worked out. This is a relatively new field of experimentation and promising results are expected in the not distant
future.
Soil treatment in the feld.—In the i-ealm of chemical soil
treatments for disease control on a field basis, the formaldehyde
drip treatment for the control of onion smut " has proved so effective that it is rapidly becoming a part of accepted agricultural
practice wherever introduced (fig. 246). By thus surrounding the
seed when planted with this fungicide, applied by a drip attachment
to the seed drill, infection by the smut fungus is prevented until
the seedling has passed the susceptible age.
Lime at the rate of 80 bushels per acre is broadcasted to reduce
the losses from clubroot of cabbage and other crucifers. This treat" WALKER, .T. C. ONION DISEASES AND
1060, :¡0 pp., illus., 1319. revisfd 1020.
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ment is based on the fact that the growth of the clubroot organism
is reduced in an alkaline soil.
Applications of sulphur at planting time at the rate of 300 to 600
pounds per acre, by making the soil reaction more acid, have in some
instances, given marked results in the control of potato scab, owing
to the fact that the causal fungus is favored by an alkaline soil
and checked when it becomes acid. It does not, however, follow that
the same treatment will be equally effective in all cases, as unfavorable results have been obtained in some trials. Furthermore, the
residual effects on other subsequent crops of such heavy applications of sulphur are in sume cases unfavorable and the use of sulphur
should, therfore, be taken up only after preliminaiy trjals on a small
scale have indicated favorable results. It is hoped that experimental
work under way in New Jersey and other States will soon furnish
t »
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KiG. 'IVi.—Uiisorted wliiti' navy beans, showing many badly affected with antliracnose. Even though the visibly diseased beans are sorted out. unseen spots on
some and fungous spores stielctnK to others wUl usuaUy carry the disease to the
new crop If such beans are planted. Use only disease-free beans for seed

new data on these mattei-s and indicate the limits of the profitable
use of sulphur.
Disease-free seeds and plants.—To prevent the original infestation
of soils with disease organisms, as well as for the purpose of guarding against the reinfestation of soils from which diseases have been
largely or completely eradicated by crop rotation or soil treatment,
it is es.sential that the seed used be obtained from healthy crops or
that they be freed from disease by treatment before planting, wherever fungi or bacteria are known to be carried in this way. The use
of disease-free seed is important not only in cases where the disease
lives over both in the soil and in the seed, as is the case with the
bean anthracnose (fig. 247), but also in instances where the disease
is not known to survive in the soil but is carried only in the seed as
is the case with potato virus diseases.
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^ The production of disease-free seed or that having the smallest possible amount of infection, while important with all truck crops, has
been made essential in many cases either because the diseases concerned are internal and can not be controlled by known methods of
seed treatment, or because seed treatment, for other reasons, has not
been found practicable. Outstanding examples are se^d potatoes, in
which the virus diseases are carried, and beans affected with mosaic,
anthracnose, or bacterial blight. In the case of both crops no seed
treatment has been found which will kill the disease agent without
injury to the seed, and with the bean there is the added drawback
that any method of soaking the seed will cause the breaking of many
of the seed coats and interfere with planting and normal germination.
Procuring disease-free beans is based either on growing the
seed in regions where weather conditions are unfavorable for disease development, or on careful hand selection of disease-free pods,
the seed from which are planted in a seed plot away from other
fields and every precaution taken to avoid the introduction of disease and in addition to rogue out any plants on which disease
may appear.
During the past few years careful scientific research by plant
pathologists in the United States Department of Agriculture and
certain State experiment stations has definitely proved, that most,
if not all of the so-called " running out " of potato varieties, formerly attributed to lack of vigor due to long propagation by
vegetative methods, is caused instjead by several so-called degeneration or " virus " diseases known under the names of leaf roll, mosaic, streak, spindle tuber, and others. Although no method of
seed treatment is known which will rid seed stock of these diseases careful research has shown that by starting with strains of
potatoes discovered in localities where little or no disease was
present, it is possible to grow these under careful supervision in
isolated fields and thereby procure superior seed. By controlling
insects which spread the diseases and by practicing a careful system of field and bin inspection and roguing, seed can be produced
which is not only true to variety and of high productive capacity,
but which also carries a minimum of the virus and other diseases
of the crop." Seed stock grown and inspected in this way by a
State agency having charge of this work and certified by them to
conform to established standards of varietal purity, vigor, and
freedom from disease is known as "certified seed " (fig. 2^). The
production of such " certified seed " had its origin in work done
hj plant pathologists in the Department of Agriculture and was
stimulated by the observation of the widespread and increasingly
serious occurrence of these diseases not only in northern fields
grown for table purposes, but as well in those grown for sale as
seed stock to southern growers. Under the conditions obtaining in
the South the disease thus carried in the seed resulted in even more
serious losses and much dissatisfaction with the northern seed.
Recognition of this urgent need for means of developing and certifying seed stock of high quality and as nearly as possible free
^ SCHULTZ, B.
pp., illus.. 1924.
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from disease led to the beginnin<i of potato seed-certification Avork
in Wisconsin in 1913. As with most new movements, pro<rress
was at first slow, for methods of doing the work had to be devised,
agencies for carrying it on created, the value of the resulting product demonstrated and a market for it developed.
Following Wisconsin, other important northern potato seed-producing States have established potato seed-certification work under
-' the supervision of the experiment stations, State departments of
agriculture, or specially organized potato growers' associations. In
1919, there were 475,308 bushels of certified seed grown in the United
States. In 19'24 the demand for tliis seed had become so great tliat

Fi(i. 2iH.—Tinir iil' JIiilii>;an [Xitiito-seed inspectors tlinniKli seeil-Ki'üwiiii,' tiiiitui.v
icceiviiiK final li<'l<l practice in inspection for certiflcation under direction of
State plant patiiolugist

over 7,500.000 bushels were produced in 20 States. Not only has
this great increase in production of certified seed come about in a
relatively short period, but there has also been a considerable decrease
in the amount of disease carried in certified seed. This has been a
direct i-esult of the increased information on the methods of elirninating diseases supplied by scientific research and put into practice
by seed growers and a raising of the standards of certification.
Certification agencies in the various seed potato-producing States
are constantly improving the quality of certified-seed stock, and the
seed now available is far supei-ior to commercial uncertified stock.
The increase in yield due to the use of certified seed, combined with
seed treatment and other disease-control measures is well illustrated
by the results obtained in Missouri during the reason of 1925. In
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this particular State 108 carloads, or 66,190 bushels of certified seed,
were planted on 4,500 acres. There were 3,627 farms in 35 counties
using certified seed and the increase in yield resultin«;; in the use of
certified seed was 46 bushels per acre, or a total of 207,000 bushels
increase. Numerous other illustrations might be cited to illustrate
the value of potato seed-certification methods.
During the past decade there has grown
up a A-ery considerable trade in plants of
tomatoes, cabbage, sweet potatoes, and other
crops, between certain Soutliern States,
where tliey can be grown in the open fields
early in the season, and Northern States
where the commercial crops are produced.
Unless great care is exercised to see that
only healthy plants are shipped, there is
grave danger that disea.ses new to the
northern fields may be introduced. Instances of this sort have ali'eady come to
the attention of the department. Among
the diseases liable to be thus carried are
nematodes or eelworms, which cause root
knot, a common trouble of numerous truck
crops grown in sandy soils; the wilt diseases of cabbage, tomatoes, and sweet potatoes; black leg and black rot of cabbage,
and black rot of sweet potatoes (fig. 249).
Growers buying seedling plants should,
therefore, be very careful to procure only
healthy plants and thus avoid the introduction of diseases which not only would
reduce the yield of the initial crop grown,
but would remain in the soil as a future
source of crop losses. To meet this situation some States have inaugurated a system of inspection of seed beds and certification of plants as to freedom from dis241).—Swcct-potati) plant
eases whicli operates to markedly reduce l'"iu.
infested nitli black rot.
All such plants should he
the shipment of diseased plants and thus
rej(*et»'<l and only plants
with healthy roots set out
2irotect the purchaser.
SEED TREATMENT

Treatment of seed for the purpose of killing the disease organisms
within the seed or clinging to the outside is important when diseasefree seed can not be obtained. The increasing recognition of the
importance of seed transmission of disease, as shown by recent
scientific research with numerous vegetable diseases, makes obvious
the necessity for treatment of seed where possible. In some instances
seed treatment alone constitutes an effective control, and in others
it must be combined with other methods, such as crop rotation, .soil
treatment, or spraying. Several methods of seed treatment designed
to kill disease organisms in or on the seed are available, including the
use of hot water and of various chemicals, such as formaldehyde,
mercuric chloride, and various organic mercury compounds.
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The disease organism causing the angular leaf spot of the cucumber
is carried on the outside of the seed. A 5-minute treatment in a
1 to 1,000 solution of mercuric chloride followed by thorough washing in water is a very effective method of control and much less
trouble than spraying the crop with Bordeaux mixture, though the
disease can also be controlled by this method. This disease is not
known to live over winter except on the seed, hence seed treatment
should eliminate the trouble,^^ only as it may be introduced into
a field by insects or other agents from some near-by field where the
disease occurs. In a similar manner cabbage, cauliflower, and other
vegetable seeds, as well as potatoes and sweet potatoes are treated
in a 1 to 1,000 mercuric chloride solution for the control of diseases
the causal organisms of which are borne on the outside of the seed.
Formaldehyde is also used, especially for potato-seed treatment, in
some States, but is not recommended for cucumber seed or for
sweet potatoes because of the danger of reduced germination or
root injury. The more recent developments include the shortening
of the time required for treating potatoes by heating the mercuric
chloride or formaldehyde solutions. In Iowa and Missouri a 21/2minute treatment in a solution of 1 pint of formaldehyde to 15
gallons of water, kept at a temperature of 122° F., has been very
Generally adopted for the control of scab and scurf. In certain other
tates the hot formaldehyde method has not given as good results
when tested alongside the standard 2-hour treatment in a cold
solution. In New York a similar treatment for two minutes in
a 1 to 1,000 solution of mercuric chloride at a temperature of 122°
F. has been found effective in the control of scab and is gaining in
popularity. To further expedite the work and reduce the cost
of treating large quantities of seed, special equipment for heating
the solutions has been devised and machines for carrying the
potatoes through the solution have been adapted.
Several organic mercury compounds under various trade names
have recently come upon the market as competitors of the older
materials used for seed treatment and give promise of great usefulness when their characteristics are more thoroughly understood.
Their principal advantages are greater penetration and less likelihood of injury, combined in some instances at least with apparent
stimulation of growth.
As a means of placing seed treatment on the most practical basis,
in order that more farmers may be led to adopt it, numerous extension pathologists and county agents have centralized the work
by establishing community treating plants under the supervision
of competent men, thus reducing the cost and insuring the best
results through proper preparation of the solutions and accurate
timing of the treatment.
A further development along this line has been the adoption by
certain seed companies of the practice of treating certain seeds for
disease before they enter the channels of trade. The indications
are that this practice will increase in the future when its value becomes more appreciated.
Treatment of some seeds by the hot-water method has been found
effective in the control of certain diseases which are borne inside
16 For further details, see U. S. Dept. Agr. Cir. 234, entitled '* Bacterial Spot of Cucumbers."
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the seeds and therefore not subject to control by chemical treatments. Cabbage black leg and root knot of dasheens are among
the diseases which may be controlled in this way.^'^
Another method which as yet has limited application is the aging
of seed. By careful experimentation it has been shown that in
the case of some seeds which remain viable for several years, the
disease organism in or on the seeds will die in one or two years, in
which case the planting of old seed will give freedom from seedborne disease. In the case of celery seed infected with late blight,
the disease has been found to die out in two to three years; hence
the use of old seed of good germinating power is advised.
Breeding and Selection for Disease Resistance
If varieties of vegetables resistant to all diseases and at the same
time suited to the various market demands could be developed, the
necessity for the discovery and use of other more cumbersome and
less effective methods of controlling plant diseases would be obviated.
The nearest possible approach to this ideal method of plant-disease
control should be the goal of every plant-disease worker, since the
use of disease-resistant varieties when available and suitable is the
most economical and practical means of avoiding the losses occasioned by disease. However, there are numerous reasons why this
goal may not be reached promptly, if at all. In most cases, varieties
bred for resistance to one disease are not necessarily nor commonly
resistant to another. Resistance to disease is often difficult to combine with some market requirement and years may be necessary to
develop it. In the case of many diseases, varieties showing resistance
of practical value have not been found.
Notwithstanding these facts, great advances have been made in
recent years in the development of resistant varieties of many truck
crops and this is coming to be an increasingly important line of
work. A few outstanding examples will be mentioned as indicative
of what has already been accomplished and what may be expected
in future years.
About 1896 asparagus rust was introduced into the United States
from Europe and spread in epidemic form entirely across the country
within the next four or five years. The asparagus industry has
been developed in this country in the absence of this disease and
all varieties were susceptible and losses were heavy. As a result
of breeding work inaugurated in 1906 by the Department of Agriculture in cooperation with the Massachusetts Agricultural Experiment Station and the Massachusetts Asparagus Growers' Association, strains of asparagus highly resistant to rust and of superior
market qualities were developed at Concord, Mass. These have been
increased and distributed throughout the country, so that now the
various strains of Washington asparagus are obtainable from many
seedsmen and growers.
Through the work of investigators at Cornell University and a
New York grower, a variety of beans known as Wells' Eed Kidney
was bred, which is highly resistant to the anthracnose disease. In
like manner the variety of navy bean known as Robust, which is
^•^ WALKER,
1924,
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resistant to anthracnose and mosaic disease was developed at the
Michigan Agricultural Experiment Station.
Through tests of a large number of varieties of snap beans at the
Virginia Agricultural Experiment Station at Blacksburg, several
were found which were highly resistant to the rust disease, which
causes severe losses in some sections.
Cabbage yellows (fig. 250), a widespread and destructive disease
which has caused the discontinuance of the industry in some sections,
has been made much less troublesome through the breeding of yellows-resistant varieties as a result of the cooperative work of the
Department of Agriculture and the Wisconsin Agricultural Experiment Station.
Varieties of tomatoes highly resistant to the fusarium wilt disease, which is serious and fairly common in the Central and Southern

Fir,. 2,')0.—CabbaRp..yellows. Commercial Hollander, a nonreslstant variety (on tlie
left!, showing only a few sickly plants still alive among the weeds; crop a total
loss. Wisconsin-Hollander, a yellows resistant variety (in the rest of the field),
bred from a susceiJtible strain, giving practically a full stand,'although the soil
was uniformly " yellows sick "

States have been bred by the Department of Agriculture and certain State experiment stations. These varieties are doing much to
reduce the losses from fusarium wilt, and at the same time are of
superior commercial quality. (Fig. 251.)
The Department of Agriculture and the Virginia Truck Experiment Station, working cooperatively at Norfolk, have developed a
variety of spinach which is resistant to the blight or mosaic, a common and serious trouble in some sections of the country.
During the last decade, since the discovery of the dread European
wart disease of potatoes in certain restricted portions of Pennsylvania, Maryland, and West Virginia, numerous extensive tests of
European and American varieties have revealed the important fact
that many of our. most widely grown commercial varieties are
immune to the disease. (Fig. 252.) These varieties are now being
grown exclusively and for local consumption only, in the infested
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Flu. 231.—Tomato wilt. Kovv al lel'l. wiU-siisoi'ptilile Greater Baltimore on wiltinfested soil ; row at right, wilt-resistant Arlington selected from the Greater
Baltimore

Viv,. 2~>'l.—Left, the Earl.v Sunrise variety, showing wart disease of the potato
which was introduced from Enroiie before the foreign qnarantine law was enacted,
and is known to occur in certain limited and clo.sely ijuarantined areas in Pennsylvania, West Virginia, and Maryland. Right, Irish Cobbler variety found to be
immune to wart disease
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areas, and will be available for use in other sections, should the disease escape the strict quarantine in which it is now held.
In like manner, peas resistant to root rot, celery resistant to fusariuni wilt, and many other disease-rasistant or inunune varieties of
vegetables arc being developed through the careful, painstaking
researches of department and experiment station scientists, and we
n\ny look forward to increasing activities along these lines leading
to important results in the future.
Spraying and Dusting
Spraying for the control of several foliage diseases of tru<;k crops
has been in use by many progressive farmers for iipwards of a
quarter of a century, lîy 1910 the Vermont Agricultural E.xperiment Station had coinpleted a 2()-year spraying test for the control of

-
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:;ri;i.—t'oniinunilv .sprav riiii;. The Stale I'xtcusioii patlioliiKisi (Icmiinstratiii«
to the operatoi- arid interested farmers offectlve methods of iiozzh' adjustment
and spray application for control of the foliage diseases of potatoes in i'eunsylvania

FIG.

the late-blight disease of potatoes, which showed an average annual
increase of 105 bushels per acre or 64 per cent over the unspraj'ed
as a result of regular and sj^stematicsprayingAvith Bordeaux mixture.
Similarly, the New York Agricultural Experiment Station at Geneva
carried on a 10-year potato-spraying test, which demonstrated the
A-alue of the practice by showing an average annual increase in production of CO btlshels per acre. In this connection, it should be noted
that homemade Bordeaux mixture 5-5-50 still remains the most
effective spray mixture for the control of potato foliage diseases.
The most imi)ortant recent developments in spraying practice are
the trend toward the sinqjlified method of making Bordeaux, the
greater recognition of the importance of the technique of spraying
(fig. 253), and the increasing adoption of the spray ring as the most
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economical and effective means of obtaining the best results under
certain conditions.
With the simplified process of making Bordeaux no mixing platform is necessary. The spray tank is filled three-fourths full of
water, the lime in stock solution or as hydrated lime is added and
thoroughly mixed by means of the agitator. The copper sulphate
stock solution is then added and the tank filled with water.
Careful attention is now being given to more thorough and timely
' application of the spray mixture, including the beginning of spraying earlier in the season before the first signs of disease are seen, the
proper regulation of the intervals between spray applications in relation to weather conditions, the supplying of additional nozzles as the
crops grow in order that all parts may be reached by the spray^ and
the use of machinery to furnish adequate pressure to obtain a fine
mist and thus get the best spray distribution. The difference
between success and failure in spraying is often traceable to neglect
of some of these essential details {ñg, 254).
In an effort to simplify the process and reduce the time necessary
to do the work of spraying, considerable attention has been given by
plant pathologists, chemists, and manufacturers during the last
decade to the perfection of suitable fungicidal dusts and machinery
for their application, and to the comparison of dusting versus spraying as a means of disease control.
The principal advantages of dusting over spraying are: (1) The
greater rapidity with which the applications can be made; (2) the
fact that no water is required, a factor of no small importance where
fields are far distant from a water supply; and (3) the fact that
dusts may be purchased ready to apply, thus doing away with the
expense of spray-mixing platforms and containers, as well as the
work of preparing and mixing the chemicals.. There is also the
fact that many insects can be most advantageously controlled by
dusts and combination treatments are thus made possible.
The corresponding disadvantages of dusting are: (1) The greater
cost of the dust applications per acre; (2) the fact that in many instances at least it does not give as good disease control as spraying ;
(3) the further fact that it is more easiljr and completelysJ^ashed
from the foliage by rain; (4) the limitation of the niost effective
dusting to periods of still weather; and (5) the necessity of purchasing new dusting machinery w^hen serviceable spraying equipment
is already on hand.
Some of the most recent results of comparative trials of dusting
and spraying for the control of potato diseases, published by the
New York Agricultural Experiment Station ^^ at Geneva, indicate
that after four seasons of careful comparison not one of the three
diseases concerned (early blight, late blight, and hopperburn) was
as satisfactorily controlled by dusting as by spraying even when the
dust was used twice as frequently as the spray. These results correspond in general with those obtained at several other State experiment stations, though a few experimenters have reported as good or
better results with dusts than with sprays.
It should be borne in mind that dusting for the control of truckcrop diseases is still more or less in the experimental stage with proses Bulletin 518.
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254.—To he effective, sprayiDg must be tlioroiigli. Upper picture sliows failure
to control potato late blight by spraying with average care in mid season only.
Lower picture shows perfect control by thorough and frequent spraying throughout the season

PIG.
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pect of its increasing use in the future as both the dust fungicides
and methods of applying them are improved, together with a reduction in the cost of materials. Its principal use at the present time
would seem to be for those instances where the extra cost of the
dust and its lower efficiency in disease control are more than offset
by thé lessened costs of labor for application. This would be true
in cases where water for spraying must be hauled long distances.
For small areas also dusts are especially useful, since hand dusters
are more effective and less expensive and get out of order less frequently than hand sprayers.
Wild Host Eradication
Recent scientific investigations have shown that certain wild plants
or weeds which are attacked by the diseases of vegetable crops are
the most important factors in the overwintering of the. disease
organisms which furnish the spring sources of infection. The eradication of these host plants is, therefore, a most important step in
obtaining effective control.
In thecaseof cucumber mosaic, first, the wild cucumber, then the
common milkweed, the pokeweed, and the perennial ground cherry
were found to be overwintering hosts from which the disease was
carried in the spring to near-by cucumber fields by striped beetles.
Experiments extending over several years have shown that destroying all such weeds in and around the fields for a distance of 50 to
75 yards is the most effective control yet discovered for the prevention of cucumber mosaic and reduces losses to a minimum even in
badly infested localities. This method also has the advantage that
its effects are cumulative from season to season.
It is significant that the cucumber mosaic virus lives over winter
in the seed of the wild cucumber to a considerable extent, though
not in the seed of the cultivated cucumber iii sufficient amount to be
of great importance. In the case of the other wild hosts mentioned,
however, the disease lives in the underground roots and stems.
The same method of wild host eradication has been found very
effective in Indiana in the control of a similar.mosaic^^d^^^^^
of
tomatoes. Here it is also very important to eradicate aÜ tomato
mosaic host plants from the vicinity of the seed beds or greenhouses
where the young plants are grown, in order that infection may not
take place at this early stage in their growth, since the resulfe are
always more severe as a result of early infestation." ■■■■{
Studies by Pritchard and Porte ^^ have siriiilarlyshbwn that the
Septoria leaf-spot disease of tomatoes also attacks certain related
weeds, particularly horse nettle and Jimson weed, which occur abundantly in the tomato fields iii many sections. The càrreful plowing
under of these weeds in the fall, together with measures for their
eradication, will materialh^ assist in the control of leaf spot by removing its principal means of living over winter.
Importance of Insect Control
Many recent investigations have emphasized the importance of
insects in the overwintering and spread of plant diseases and thereby
^ See footnote 12.
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made more necessary their control as part of a complete diseasecontrol program. These facts have been especially worked out in
connection with studies of the numerous mosaic diseases of truck
crops.
There are two principal ways in which insects are concerned in the
overwintering and spread of plant diseases; in the one they act
merely as physical agents which carry the disease organisms, spores,
or virus from plant to plant on their feet or mouth parts; in the
other case the insects themselves act as reservoirs of infection, often
carrying the disease agents in their bodies for a considerable length
of time, in some instances over winter, and then transmitting them
to cultivated plants again in the spring.
The discovery that the striped cucumber beetle and the common
plant louse or aphid are important agents in the transmission of
mosaic from its wild hosts to the cucumbers and in its spread from
plant to plant in the field, combined with the additional fact that
the beetle has also been proved to be the only known overwintering
place of the cucumber wilt organism, as well as its most effective
agent of dissemination, has brought the entomologists to the assistance of the pathologists in renewed efforts to discover improved
means of controlling these doubly important enemies of the cucumber
grower.
In like manner aphids have been convicted as spreaders of the
mosaic and other virus diseases of potatoes and next to the procuring
of seed free from virus diseases, the suppression of attacks of these
insects constitutes the most important means of reducing the spread
of these troubles from adjacent diseased fields to disease-free fields
and their dissemination within the fields. The additional discovery
that what under ordinary circumstances would be considered good
insect control is not sufficient to prevent disease transmission which
may be accomplished by a very small number of insects, has emphasized the importance of the greater perfection of insect-control measures and materials. It has also furnished even more conclusive evidence of the necessity for the entomologist and the plant pathologist to cooperate more fully and effectively in the effort to protect
the Nation's food supply from the depredations of insect and disease
enemies.
Plant Inspection and Quarantine
Plant inspection and quarantine measures, discussed elsewhere in
this article, are proving a valuable addition to the methods of controlling vegetable diseases not only in preventing the spread of the
diseases already established and limiting their distribution but also
in the exclusion of vegetable diseases of foreign origin not yet introduced into this country. Under the Federal and State quarantine
laws numerous diseases of great potential danger to our vegetable
industry are being either isolated or kept out of the country by this
quarantine service. Under the operation of these laws the additional introduction and distribution of the European potato wart
disease was apparently prevented, as no new discoveries of its
occurrence have been made outside of limited areas in Pennsylvania,
West Virginia, and Maryland, where it had become established prior
to the passage of the qiiarantine law. State laws requiring the
inspection and certification of tomato, sweet potato, and other plants
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fer freedom from disease as a prerequisite to shipment are of
increasing importance in the protection of purchasers and in the
prevention of disease distribution.
Organization for Disease Control
Although most, if not all, of the disease-control methods here
discussed can be put into practice by vegetable growers on their own
initiative, yet some of them have not been tested in many places, or
have failed of general adoption for many reasons.
In numerous instances it has been found possible and profitable
to introduce certain measures as a regular practice into communities where they were not in general use, through organized cooperation among farmers. As an example may be cited the intro-

FiG. 255.—Community seed treatment of potatoes in Wisconsin for controlling scab,
Ehizoctonia, and other diseases

duction of potato-seed treatment to kill seed-borne disease organisms through the' establishment of central seed-treatment plants to
treat all the seed of a community (fig. 255). Not only can the
work be done more economically in this fashion but it can be more
closely supervised, thtis insuring the correct preparation of the
solutions and the most accurate timing of the treatment. In this
way maximum disease control with minimum seed injury is
obtained at minimum cost to the farmers in time, money, and
materials.
The centralized community treatment of cabbage seed in mercuric chloride solution for the control of black leg and black rot
has also been carried out in localities where this crop is grown on
a conimercial scale. In some instances commercial seed houses have
advantageously applied this or the hot-water treatment prior to
distribution of the seed through the usual trade channels.
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The formation of spray rings, mentioned elsewhere, for the purchase of spray equipment and materials and the employment of
an experienced operator to spray potatoes or other crops for the
control of diseases is another instance where cooperation organized
among several farmers through the effort of the county agent or
extension pathologist has resulted in great increases in the use of
an effective disease-control method. This applies especially to
farmers w^ith too small an acreage to make it economical for them
to purchase the most effective types of sprayers.
» Disease-Control Methods During Marketing
The determination of the causes of losses in the shipmem, marketing, and storage of vegetables, and the development of special
methods of controlling them and thus reducing damage, constitute
a line of investigation very distinct from that of field damage
from disease, though in some respects closely related to it. Prior
to the inauguration of the pathological phases of the food products
inspection service during the war period, relatively little systematic
study had been given to this important subject. In the short time
since these investigations were begun, much has been accomplished
in the differentiation of the types of disease losses found and the
determination of their causes, and in the increasing of our knowledge
of the conditions under which these losses are most serious. Considerable progress has also been made in the reduction of these
losses, through the readjustment of methods of growing, handling,
shipping, and storing, and in the changing of marketing methods.
However, this initial work has opened up a large field of research
and focussed attention on many important and intricate problems
which require solution before adequate control measures can in many
instances be formulated and put into practice.
One of the fundamentally important results of the concentration
of interest on the.problems of transit and storage losses is the increasing realization that fruits and vegetables are parts of living plants
and as such continue after harvest to carry on certain life processes
and are markedly inñuenced in their keeping qualities by the conditions under which and the care with which they are grown, harvested, and shipped. Though much remains to be done before practical control measures for many transit troubles are worked out,
some of the more important consist of field control measures, careful
handling, proper grading, protective treatment, temperature control,
and shortening the transit period.
Field diseme-control 7mmures,—Â\\ of the methods of disease control used in connection with the successful growing of vegetables
are now recognized as fundamentally important in relation to the
marketing problem, since the degree to which they are successful
in controlling diseases determines the character, quality, and freedom
from disease of t\\^ product, which in turn are primary considerations in successful mariieting. Watermelons that are well matured
on healthy vines in fields where anthracnose has been successfully
controlled by thorough spra^^ing with Bordeaux mixture, other
factors being satisfactory, will arrive in market free from loss
through this disease and of excellent quality. On the other hand,
slupments in which anthracnose occurs may suffer severe losses due
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to decay from this trouble alone, or may be of inferior quality because the vines were killed by the disease before the melons matured.
Careful haTidling,—The importance of careful handling to avoid
or prevent mechanical or other injuries to the produce during all
stages of harvesting and shipment can not be too strongly emphasized
since every break in or injury to the skin of a vegetable or fruit
furnishes a possible point of entrance for decay-producing organisms
which are ever present. Injury due to rough handling of potatoes,
cuts, fork wounds, bruises, the breaking off of second-growth knobs,
and splitting are responsible for a large amount of fusarium rotting
of the crop in tranisit and storage, while stock allowed to scald in
the hot sun after digging is frequently damaged by slimy soft rot in
transit, often to the extent of total loss.
Proper grading.—Proper grading is essential to the best marketing practice, not only because it calls for discarding unmarketable
produce and obtains gi^eater uniformity of pack and quality, but
also because diseased and bruised produce is eliminated in the process
and in this way the centers of disease infection for the healthy portion
are often largely removed, and the assurance of its reaching market
in sound condition is thereby decidedly increased. Not only are
potatoes moderately affected with late blight rot likely to decay in
transit and storage, but bruised and cut tubers shipped with them
are also more liable to become affected with this or other tuber decays
than are uninjured ones.
Protective treatfne7it.—Certsân protective treatments have in some
cases been found essential to insure the crops arriving in market in
good condition or to prevent heavy losses in storage. In the case
of watermelon stem-end rot the application of a fungicidal paste
to the freshly-cut stem as the melons are packed in the cars,
together with careful handling, is a most important means of preventing heavy losses from this trouble, and in certain sections of
the country, particularly the Southeastern States, it should be regularly applied. Likewise, the curing of onions or onion sets prior
to storing, either through stacking in shallow trays in the field or
by exposure to artificial heat in a regular drying house, is an important procedure to reduce losses from neck rot and other decays.
Temperature control,—Fruits and vegetables can be kept in
fresh marketable condition and the losses from decay in transit
decidedly reduced by means of refrigeration. The same applies
to the holding of these products in cold storage. By maintaining
relatively low temperatures during the transit period not only is
the life activity of most disease organisms retarded, but also
the ripening of the products themselves. In the case of some
of the fresh vegetables such as celery and lettuce shipped from
warm climates, it has been found profitable to precool them prior
to shipment under refrigeration, both for the purpose of improving their condition and to prevent losses due to decay in transit.
Many factors having to do with the control of diseases in transit
and in storage must be taken into consideration in the marketing
of perishable vegetables. In the shipment of potatoes, for example,
special care must be exercised to prevent the development of black
heart, a nonparasitic trouble due to storage at too high a temperature and with-too little ventilation,
01044*»-~-26
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High temperatures combined with high humidity in general promote the rapid maturity of the product and at the same time furnish
the most favorable conditions for the development of many fielddisease organisms which cause transit losses.
Shortening transit period,—Regardless of the care exercised in
the growing, harvesting, and handling of perishable vegetables
there is the continuous process of ripening and susceptibility to
Joss from disease to be reckoned with. It is readily evident, therefore, that any delay in transit or in the lengthening of the time
required for the produce to reach thé consumer increases the chances
of losses, thus making prompt transportation and marketing one
of the essential factors in the prevention of losses from diseases.
Insects ill Their Relation to Vegetable Culture
Economic Importance
Insects are among the most serious and persistent enemies which
must be faced by the vegetable grower. In one form or another insect
pests attack his crops as soon as the seed is planted, continue their
ravages during their growing period, and finally destroy some of the
products after they are placed in storage. Estimates of the actual
money damage caused by the insects affecting vegetable crops vary
between $120,000,000 and $240,000,000 per annum. These figures are
based on an estimated loss of between 10 and 20 per cent of the total
crop value.
The economic importance of insect pests is steadily increasing
along with the extension of the vegetable industry to new areas, and
in addition the crops are exposed to attack by insects not previously
recognized as vegetable pests. It is reassuring, however, to note
that control measures, although not completely suppressing the
insects, have made possible the production of satisfactory crops.
While it is admitted that vegetable crops are particularly susceptible
to insect injury, it is doubtful if it is correct to estimate that the
damage by insects actually amounts to 20 per cent of the total
value of vegetable crops, even when the admittedly high-priced control methods are included. In computing average insect damage to
vegetables over a period of years, it is probable that a figure of
$175,000,000 loss each year furnishes a fair estimate.
Aside from such injury as may be stated in terms of money, there
are other losses which, though difficult to estimate, are an added tax
and worry to the consumer as well as the grower of vegetables.
These include the limiting effect of insects on the growing of crops
in areas adjacent to the most satisfactory markets. Continual insect
injury leads the grower to cease the growing of crops which, from
the market standpoint, should continue to be produced. This factor
alone means that certain vegetable products are either not readily
available in such markets or that they must be imported from greater
distances, a necessity which adds to their price and may impair their
quality, especially in the case of crops in which freshness is important. In addition to this, the attacks of some insects reduce the
quality of the crops without materially affecting their appearance.
The work of the pea aphis on cannery peas in reducing the sugar
content is a fair example of injury caused by moderate infestation by
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an insect which, only a few years ago was rated as having little
effect on the crop.
Another source of loss from insect attack is secondary and caused
by the easy entrance of disease spores into vegetable products which
show only slight insect injury. In this way products which are
readily marketable may decay much earlier than they would in the
absence of insect injury. Insects attacking vegetables, therefore,
not only cause a heavy direct loss, but in addition are an ever-present
annoyance and tend to influence the quantity and quality of production, regardless of market needs.
The Vegetable-Insect Problem
The constantly varying nature of vegetable production makes
it almost impossible to foretell insect abundance and this factor adds
greatly to the difficulty of controlling insect pests. The grower of
orchard fruits or other perennial plants knows that the insects
which may trouble his plantings belong to definite groups appearing
at more or less regular periods, and he is thus prepared for the
application of remedies. In the case of vegetable crops not only is
there great variation in the character of plantings, but the date of
planting is often changed to take advantage of favorable market
conditions. These factors expose vegetables to attack from a wide
variety of insects over practically all of the growing period and
thus greatly increase the insect hazard. Not only is the forecasting of
insect abundance one of extreme difficulty, but many vegetable growers, especially home gardeners, do not possess an adequate supply
of insecticides and machinery for their application to control insect
pests in an efficient manner. Moreover, a large part of the homevegetable gardening is done by people who are busy with other
duties and have not the time for regular inspections of the garden
or to apply such remedies as are available at the time insect injury
begins. The commercial truck grower generally has access to insecticides and information on their proper application. It must be
borne in mind that, according to estimates, the value of farm, and
home gardens is between $300,000,000 and $400,000,000 a year, and
that these gardens present an important factor in the spread and
lack of control of insects.
Nature of Injury
Insect injury is of two general types: (1) Chewing insects, which
consume parts of the plants, and (2) sucking insects, which feed only
upon the juices of the plants. In both cases severe injury results
in the death of the plant, while moderate injury influences the size
and quality of the crop. The first type of injury is conspicuous,
while the second type may only become apparent when the plant is
almost dead. The first seasonal insect injury on annual plants is
to the seed or seedling plants. The pests chiefly responsible for this
work are known as general feeders in that they are not limited to
a few crops for their food supply. Such insects are usually present
in the soil, and the crop which suffers from damage is the one which
happens to be growing at a time when the insects are most active.
The majority of these belong to the group of chewing insects, and
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include such well-known pests as wireworms, cutworms (fig. 256),
white grubs, and springtails. Under conditions of severe- attack the
seedling plants are destroyed and if replanting is not practiced the
remaining stand is generally poor and the crop reduced.

256.—Variegated cutworm (Peridroma margaritosa) : a.
Moth; Ö, normal form of caterpiller, side view; c, same in
curved position ; d, dark form, view of back ; e, greatly enlarged egg, seen from side; f, egg mass on twig. (Howard)

FIG

As the plants develop, they are exposed to a still larger group of
enemies, some of which are more specific in their feeding habits m
that they attack only plants belonging to certain botanical groups.
These insects may kill the plant if they are present in great numbers.

FIG, 257.-Adult blister beetles, enlarged : Left black ^istf bee^^^^^^^
blister beetle ; right, striped blister beetle. (After Chittenden)

margined

Moderate infestation may deform and weaken the plants and reduce
their yield and quality. There are aleo such general feeders as army
worms, grasshoppers, and blister beetles (fig. 257) present during the
growing period. These omnivorous but more or less periodical
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insects join with other pests to reduce or destroy the crop. As the
fruiting period approaches, many species of insects are present, and
some of the fruit or marketable portions of the plants are either
destroyed or reduced in value through direct (fig. 258) or indirect
attack.

"--ï^«--"
FIG.

258.- -Characteristic work of the tomato fruitworm. (Quaintaiice and Braes)

The final group of insects to trouble the vegetable grower are
those which attack the stored crop (figs. 259 and 260). Many of
these are specific in their feeding habits and include such well-known
pests as the bean and pea weevils, the potato-tuber moth, and the
sweet-potato weevil.

FIG.

250.—Injury to potato by tlie immature stages of ttie tuber moth

Aside from the direct injury caused by their feeding, insects are
also the cause of severe indirect injury through the dissemination of
plant diseases. Some diseases can only be transmitted by certain
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insects, others may be carried from diseased to healthy plants by
several different pests, and still others are actually carried over the
winter within the insects themselves. The study of the transmission
of plant diseases by insects is relatively new, and much remains to

FIG.

260.—Sweet potato weevil injury to stored sweet potatoes

be learned. From our present knowledge, it appears that insects
are responsible for the field dissemination of many serious diseases,
and they are indirectly the cause of heavy crop losses in hastening
the spread of diseases.

FIG.

261.—The two types of insect mouth parts : a. Chewing type of the Colorado potato beetle ; 6^ sucking type of the Harlequin cabbage bug

Insect Groups
Vegetable insects may be grouped as sucking or biting insects
from their way of feeding (fig. 261), as imported or native pests
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from a consideration of their original home, or as general or specific
feeders if considered from the viewpoint of their food habits.
The chewing insects include the beetles, grasshoppers, crickets,
caterpillars—which are the larvae of butterflies and moths—and such
rasping insects as maggots, which are the larvae of flies, l^eetles,
which are most destructive to vegetables, include among others the
cucumber beetles (fig. 262), the Colorado potato beetle (fig. 263),
flea beetles (fig. 264), Mexican bean beetle (fig. 265), blister beetles,
the sweet-potato weevil, the larvae of click beetles (wireworms), and
May or June beetles (white grubs). Grasshoppers and crickets are
always present in small numbers, but may effect serious outbreaks
when conditions favor their great increase. Caterpillars rank with
beetles as the worst pests with which the vegetable grower must
contend. The principal representatives of this group include the
cutworms, cabbage worms (fig. 266), tomato worms (hornworms),
(fig. 267), the corn earworm, army worms, webworms, leaf tyers

262.—The striped cucumber beetle {Diabrotica
vittata ) : a. Beetle ; h, larva ; o, pupa. Much enlarged. (Chittenden)

FIG.

(fig. 268), and various other caterpillars. The most important maggot enemies of truck crops are the cabbage (fig. 269), onion and seedcorn maggots. All of the chewing insects consume parts of the
plant either above or below the ground and their injury consists
either in injuring the root system, consuming the foliage and stems,
or destroying the fruit.
Sucking insects are those which obtain their food by sucking the
plant juices. The insect's beak is inserted into the plant tissue and
the only external mark which remains may be an inconspicuous
spot not visible to the casual observer. The principal direct result
of this feeding is a stunting or distortion of the plant with a yellowing or browning of the foliage. Insects belonging to this group
are the aphids or plant lice (fig. 270), the minute, green, brown, or
black individuals which are generally found in colonies on the stems
or leaves, and the true bugs which include the squash bug, the harlequin cabbage bug (fig. 271), the tarnished plant bug, and others.
Aphids occur in such an abundance of species that few vegetable
crops are free from their attacks, many crops being subject to injury
from several different kinds. Red spiders, although not true in-

Yearbook of the Defartinent of Agriculture^ 1925

546

sects, obtain their food by sucking plant juices and are considered
with sucking insects. These troublesome pests attack a wide variety
of plants, weakening and distorting the growing tip, and yellowing
and destroying the leaves.

^»^.._

^jj^. ^. ^na^s '"* ^'^

263.—The Colorado potato beetle: A, Potato leaf showini? feeding marks and
eggs, larvae and adults ; a, eggs on underside of potato leaf ; B, adult ; G, eggs,
enlarged ; D, larva or slug ; E, pupa in soil in pupal case

FIG.

Native and Imported Insects
With the importation of vegetable varieties incident to the development and expansion of the industry, many truck-crop pests found
their way into this country in the same manner as did fruit insects.
Few insect pests have been imported which attack such native plants
as corn and potatoes, but imported crops, like cabbage and peas, are
each subject to attack by several imported enemies. Of the pests af-
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264.—Tlie beet, or spinacli, flea
beetle iDisonpclia xanthomcjaena) :
a. Beetle ; 1), pupa ; c, fulbgrown
larva.
Five times
uatural
size.
(Cbittenden)

FIG.

FIG.

265.—Adults and Inrvse of Mexican beau beetle on underside of bean leaf, sbowing areas eaten by adults. Slightly enlarged. (N. F. Howard)
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fecting cabbage, 10 were imported, including the cabbage worm, webworm, root maggot, diamond-back moth, aphis, flea beetles, curculio
and stalk weevil. Other vegetable-feeding insects w^hich have been introduced into the United States include such primary pests as the bean
and pea weevil, broad-bean weevil, pea aphis, pea moth (fig. 272),

^/x^ÎHH^tfiV
266.—The cabbage worm : A, Cabbage leaf, showing Injury by cabbage worm ;
a, eggs; h, chrysalis; B, butterfly; C, eggs, enlarged; D, worm or larva, enlarged; E, chrysalis

FIG.

onion maggot, seed-corn maggot, asparagus beetle, carrot rust fly,
sweet-potato weevil (fig. 278), and sweet potato cutworm, in addition
to several snails and slugs. The most outstanding native pests include general feeders, such as cutworms, blister beetles, cucumber
beetles, May beetles, wireworms, and army worms, in addition to
many more specific feeders. In reviewing the primary insect enemies
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of vegetables, it is found that a high percentage of them are native
to this country. In the case of the native species, however, parasites and other agencies of natural control are so active in their
suppression that they are seldom present in seriously injurious
numbers for any considerable number of years in succession. In
the case of a large number of the imported insects, control by
natural agencies is not so completely developed and the losses caused
by these pests as a group, are more recurrent in nature and thus constitute a regular tax on the vegetable grower.
In addition to the two classes of insect pests listed above, there
are several which are of North American origin but which have
invaded the United States from adjoining countries. Examples of
this group are the Colorado potato beetle, Mexican bean beetle,
harlequin cabbage bug, pepper weevil, and others. The invasion
of these insects has been a slow process of dissemination and was

FIG.

267.—One of the tomato hornworms : a, moth ; ft,
larva; c, pupa. (Chittenden)

made possible by the extension of the cultivated areas and the widespread planting of crops on which the insects could live. The
Colorado potato beetle may be accepted as the best example of this
group of invaders. This insect was undoubtedly of Mexican origin
but at the time the western part of the Mississippi Valley was settled
it was present at points along the eastern base of the Rocky Mountains. At this time it was known to feed on buffalo bur (Solanum
Tostratvmh) and was of no greater importance than any other insect
which was associated with wild plants. The early settlers planted
potatoes, and as these plants belong to the same botanical family
as the buffalo bur and were more succulent and abundant, the insect
readily transferred its attention to them. It spread eastward from
field to field, finding congenial conditions and carefully cultivated
food plants, and by 1865 had reached the Mississippi River. Its
steady march continued and by 1874 it had reached the Atlantic
seaboard. Its range of infestation now covers the entire eastern
United States, with the exception of a part of Florida, and it has
somewhat recently crossed the Rocky Mountains and invaded Wash-
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ington, Oregon, and some neighboring States. This case plainly
shows that the opening of new areas to cultivation may jeopardize
crop groups by making it possible for localized pests of wild food
plants to extend their range and adjust their food habits to closely
related cultivated crops.

FIG.

268.—Injury caused by celery leaf tyer

Insect Groups as Related to Food Habits
Insects vary greatly in their choice of food. Some, as previously
stated, feed on a wide variety of cultivated plants and herbs whereas
others feed upon a limited number of closely related plants. The
first group of insects may roughly be divided into two classes—
those which are closely associated with the soil and are therefore
fairly well fixed as regards location, and those which are capable
in their injurious stage of moving freely from field to field. The
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first class is composed largely of cutworms, wireworms, white grubs,
and mole crickets, among true insects, and slugs (fig. 274) and
snails from another group of animal life. Their presence or absence
in a field is not largely dependent on the variety of the crop planted
as they feed upon a wide variety of plants. These pests are generally in the injurious stage at the time the seed is planted or at the

FIG.

269.—Kadlslies showing cabbage maggot injury

latest, by the time the seedling plant is beginning growth. Conditions are therefore encountered in which the insect is feeding heavily
at the same time that its food plants are small, tender, and readily
injured. Under these conditions there can be only one result—
many plants are killed outright and if the crop is not replanted, the
stand is thinned and the final yield is low. If injury appears at an
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early, period, it is possible that conditions may still be favorable for
replanting, but this expedient will not suffice until after the pests
have transformed into another stage in which they are not injurious.
;: General feeders belonging to the free moving class include such
insects as blister beetles, flea beetles, grasshoppers, army worms,
and corn earworm, and are capable of invading a field suddenly and
causing heavy damage. Their coming can seldom be forecast in
time to influence the date of planting or to permit the selection of

FIG.

270.—The pea aphis on peas

less susceptible crops. Many of these insects are attracted to the welldeveloped crop and are therefore seldom to be found when the plants
are in the seedling stage. If large plants are attacked, the insects
must necessarily be present in great numbers to cause injury so serious
that the plants may not recover and produce a commercial yield.'
The fact that the injury often occurs over a considerable period of
time generally permits the application of control measures, but
where this is not done, the loss is relatively heavy, since a favorable
time for replanting has usually passed and if the ground is not to
remain vacant for the duration of the season, either a catch crop
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must be planted which will yield only partial returns, or the original
crop must be replanted with its short season and almost certain short
crop.
It is a difficult matter to state exactly the specific food habits of
insect classes, since these vary with the individual insects and may
even be changed by different seasonal conditions or crop succession.
Thus, the insect which is so injurious to the ears of corn and known
as the corn earworm is the same insect which is destructive to
tomatoes, and is then known as the tomato fruitworm. In this case
a single insect is a primary pest of two vegetable crops which
botanically are quite dissimilar. On the other hand, an insect may
be a secondary or noneconomic enemy of one cultivated crop and
later become a primary pest of another crop totally unrelated to

FIG.

271.—Harlequin cabbage bug

the first. Such a case is illustrated by the onion thrips, which may
reproduce on cabbage but never attain injurious abundance; yet if
onions are planted adjacent to cabbage fields, the insect may invade
the planting and cause considerable damage.
Insects wdiich are more specific in their food requirements generally limit their feeding activities to a few vegetable crops in the
same botanical class or closely related thereto. It is found, for
example, that most insect enemies of potatoes may also attack tomatoes, eggplant, and sometimes tobacco and many of the uncultivated
nightshades, all of which belong to the same botanical family.
In a similar way, many of the insects injurious to cabbage feed also
on kale, cauliflower, collards, turnips, and radish. Cucumbers,
melons, squash, and pumpkin form another plant group which is
susceptible to attack by the same insects. Although insects may be
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FIG.

272.—Pea moth injury

273.—The sweet-potato weevil {Cylas formicarius) :
«j Beetle ; h^ pupa ; c, larva ; d^ side view. Much enlarged. (Chlttenden)

FIG.
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pests of several related plants, there are generally only a relatively
few crops on which the insect is of economic importance. The remaining crops are really secondary hosts on which the insects may
reproduce but not by preference, and when restricted to them, seldom
attain injurious abundance.

FIG.

274.—Slugs on lettuce

Local Spread of Insects
The dissemination or local spread of an insect is largely dependent
upon its activity in one or more of its stages. In some cases the
extension of the infested zone takes place at a regular rate«, but with
other individuals there may be a wide spread in one direction and
practically none in another. Local conditions, including hibernating
quarters, may have much weight in determining the distribution
91044°—26

36

556

Yecùrbooh of the Department of Agrieultvjre^ 19%

of an insect. Such factors are especially noticeable in the case of
the Mexican bean beetle, a pest in both the Eastern and Western
States. The distribution of this insect is greatly influenced by the
necessity for satisfactory hibernating quarters. Since wooded highlands are apparently necessary for its successful hibernation, it could
be concluded that the bean beetle would be less restricted in the East
with its many wooded hills than in the West where wooded hills are
not general. Such is the case, for in 50 years under western conditions the bean beetle has extended its range only slightly, while 5
years under eastern conditions have enabled the insect to extend its
range from Birmingham, Ala., to Lake Erie.
Climatic conditions may affect the direction and distance of spread.
Most insects fly with gentle winds and therefore the direction of the
prevailing winds during the time of flight is of great importance.
Few insects are on the wing when the wind is strong, but sudden and
violent storms may scatter them over several miles. Most of the
vegetable pests which fly readily may spread from farm to farm
and, for this reason the adoption af clean culture methods may be
partially nullified by slipshod methods on adjoining farms or in
cases when infested wild plants are near at hand. In order to understand the dissemination of insects and to be able to foretell possible
invasions, a knowledge of the lifehabits of the species concerned
and its reaction to its surroundings is necessary.
Aside from their own flight, insects are carried over long distances
by outside agencies, such as floods and the common carriers of commerce. Those insects which are associated with the fruit of their
host plants are often transported over long distances with shipments
of fruit or seeds. Some insects, like the corn earworm, are carried
in corn and tomatoes and leave the fruit to complete their development, but others, like the sweet-potato weevil, potato-tuber moth
and some of the bean weevils, may breed through additional generations in the stored product. Development in this manner enables
the insect to pass the winter safely, increase its numbers, and finally
issue to attack the growing crop, often at some distance from its
place of origin the preceding year. The general distribution of
insects, which already occur widely over the country, probably has
little effect on their abundance, but commercial intercourse often is
the means of introducing new pests, and of assisting their rapid
dissemination.
As already noted, many of the serious vegetable insect pests are
of foreign origin and were presumably introduced with shipments of
plants or were introduced with merchandise before the adoption of
quarantine laws and port inspection. Aside from the mere introduction of foreign insects, the rapidly increasing rate of commerce
and transportation has served to hasten the dissemination of those
whose distribution had heretofore been restricted. Numerous examples of such widespread dissemination have occurred in the case
of some important vegetable pests. Although the Mexican bean
beetle undoubtedly invaded the southwestern TTnited States from
Mexico, its appearance in the Southeastern States was not the result
of its own spread but rather of a so-called " commercial jump." In
like manner the appearance of the potato-tuber moth on the Virginia
coast probably resulted from the importation of the insect either
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from the West or from some foreign country. The pepper weevil,
originally introduced from Mexico, furnishes an additional example
of the commercial spread of an insect in its jumps into New Mexico
and quite recently into California.
Evidence indicates that a majority of these long-distance invasions
have resulted from the carriage of the insect from one place to
another in agricultural products, but these do not furnish the only
means of insect transportation, for flying insects, particularly those
which are active during the day, may find lodgment in moving
vehicles, including cars and boats, and be carried some distance.
The general use of automobiles and their utilization for long trips
makes it not only possible but probable that insects are materially
aided in their distribution in this manner.
Multiplication of Insects
Insects attain their tremendously destructive possibilities through
their extreme rapidity of multiplication. Though many succumb
each winter, their increase is so rapid that, given favorable climatic
conditions and an abundance of food, many species are numerous
enough to be of economic importance by spring or early summer.
Insects affecting vegetables exhibit a wide range as regards rapidity
of development and multiplication varying from some of the wireworms, which require three years to complete a life cycle, to some of
the aphids, which may complete 12 to 16 life cycles in a single year. As
a general rule, most of the insect enemies of vegetables pass through
from one to four generations a year, depending principally upon
the group to which they belong and to a lesser extent upon climatic
conditions. The number of eggs produced by a single female varies
from less than 100 to tiearly 2,000, dependent upon the species of
insect concerned. Aside from its effect on plant injury, the muliplication of any insect is intimately connected with its spread, since a
species which multiplies rapidly and becomes crowded tends to
extend its range more rapidly.
Food is a most important stimulus in the life of an insect and
therefore plays a most important part in determining the numbers a
pest may attain. Wild food plants are especially important in this
regard, for they do not fluctuate in abundance as much as cultivated
plants, which may vary either with crop rotation or market demands.
In addition to their food value, uncultivated plants furnish a favorable winter shelter for many vegetable insects, and they are thus
able safely to pass the winter near the source of their next season's
food supply;. An abundance of food is generally found in the
larger trucking areas, but in the case of the home or city garden the
more favorable conditions for insect breeding are seldom present
throughout the season.
Development of Insects
A knowledge of the habits and development of different insects is
necessary in order to insure their control in an economic and efficient
manner." It is not sufficient merely to know that arsenicals are the
usual remedies for most chewing insects or that nicotine and oil
emulsions are good general remedies for most sucking insects. Before intelligent effort can be directed toward the control of an inju-
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rious insect, there should be available knowledge regarding its
identity and habits, the character of the injury and its relation to the
development of the crop or crops attacked. Of these requirements,
the most important is a knowledge of the identity of the insect and
of its growth, reproduction, and manner of life. The more important steps in the development of insects include hibernation, reproduction, development of the injurious stage or stages, and factors
affecting seasonal abundance.
In all parts of the United States, except the extreme southern portion, the insects remain inactive during the colder months of the
year. This is probably the ^nost severe test an insect must endure
and many of them perish during each winter. Those which are
most fragile or short lived in the adult stage, such as flies, moths, and
butterflies, generally pass the winter in some immature stage or protected situation, while some of the more resistant forms may overwinter as adults. In most cases the insect seeks some shelter on the
approach of winter or as soon as its host plants disappear or become
unpalatable, and remains quiescent until warmer weather occurs.
Some overwintering insects may become partially active during warm
periods, but seldom does an insect leave its winter quarters until the
weather becomes mild and food plants appear. Insects as a class
may hibernate in any stage of development and under widel}^ diverse
conditions. Accordingly, a study of each species or group is necessary in order to determine the exact manner and period of hibernation. Such information is intimately connected with the prevention
of infestation by many species and is therefore of great value in crop
protection. Conditions which upset normal hibernation methods
either by disturbing the hibernating form or exposing it to the
weather or its natural enemies greatly increase winter mortality
and Result in reducing the number of individuals available for spring
infestation of the cultivated fields.
The reproduction of insects is as varied as is their hibernation.
Each species must be observed in the different regions which it
inhabits if reliable information which may help to control it is
obtained. As a general rule, insects pass through one or more generations during the active reproductive season. The hibernating
stage develops and from this the subsequent stages are produced
until winter puts an end to reproduction. Aside from the reproductive possibilities of any insect pest, the time of recurrence of
its injurious stage in connection with crop development is an important index in determining the necessity for control measures
and in dictating the method to be used, since not all stages of an
insect are injurious. As some of the injurious stages are of only
minor importance, it sometimes becomes possible to avoid the most
injurious form at the time the plants are susceptible to insect damage. A knowledge of the insect's biology and information regarding the maturing of the crop may often suggest proper measures
for avoiding losses. The development of cutworms may be taken
as an example of this type. Where plants are large and vigorous,
the feeding of these pests may only become threatening as the
worms approach maturity. A proper knowledge of their growth
sometimes shows that they will transform into the harmless pupal
form before they have caused sufficient injury to require treatment,
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and that the crop may mature before another generation of worms
is produced.
Although the reproduction of insects is extremely rapid and
may produce an enormous number of individuals, the number of
survivors which are available for crop injury is often influenced
by natural agencies, including climate, beneficial insects, and disease. The exact effect of such factors is often difficult to foretell
but they may be of great importance in indicating the need or uselessness of artificial control measures. In the case of some aphids,
notably the pea aphis, the natural control agencies are often the
determining factor in successful crop production, for a sudden increase in beneficial insects, or the appearance of an insect disease
epidemic, often so reduces the numbers of the pest that the crop
may recover.from injury and resume normal growth.
General Methods for the Control of Vegetable Insects
Diagnosis of insect injury.—The successful treatment of any disorder affecting plants is dependent on a correct diagnosis of the
cause of the trouble. The determination of the exact cause of injury is not always easy. Plant damage may be caused by any one
of the factors connected with the growth of the plant or a combination of several such factors. Where injury is of insect origin and
affects the aerial portion of the plant, the determination may be
readily made if the pests are still associated with it, but this condiion does not always exist. Many insects are nocturnal in habit, feeding only at night and hiding in the daytime. Such forms are often
difficult to detect and equally difficult to associate with plant injury.
Cutworms are the most common example of insects of this type.
These insects remain hidden on all but cloudy dark days and emerge
to feed at night. They belong to the group of general feeders which
attack a wide variety of crops, and since they generally appear at
about the time the plants are in the seedling stage or soon thereafter,
their injury consists of cutting off the plants at or slightly below the
ground level. More plants are injured than are required for food, as
one worm may in a single night destroy several plants. The only sign
of injury apparent during the following day is a number of par- .
tially consumed, wilted, or dying plants, the worm having buried
itself in the soil about an inch or more below the surface. The injured plants dry rapidly and an inexperienced observer may never
learn the cause, or if the worms are found, they are not always associated with ihe injury.
Damage by chewing insects is generally conspicuous (fig. 275), and
unless the plants are small and tender, some time is usually available for the application of control measures. Sucking insects, on
the other hand, are more insidious in their attack, and once the
plant shows stunting, yellowing, or wilting, the injury is already
very pronounced (fig. 276) and often control measures are only partially effective, since the plant, even when freed of insects, may be
unable entirely to recover and produce a full yield.
Injury by stem borers often may be detected by a stunting, deformation, or wilting of one part of the plant, while the remainder is
developing normally. Pests affecting the roots may either stunt or
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kill the plant. Unless the injury is severe and some of the injured
plants are dug up for inspection, the damage by these insects may
escape notice. White grubs and wireworms may kill plants by cutting the roots, and in the case of a heavy infestation of root aphis,
the plant wilts during the high temperatures of midday. In the
case of potatoes, injurj^ by root feeders may not be discovered before harvest, and while damage to the tubers may destroy only a
small part of their food value, the feeding marks of the insects are a
great source of loss, since the potatoes bearing these marks are either
rendered unmarketable or must be placed in a lower grade with a
consequent reduction in price.
The correct diagnosis of insect injury to growing truck crops may
often be difficult, laut in order that control measures may be effective,

FIG.

275.—Injuryto cabbage by the cabbage looper

the grower must have an accurate knowledge of the insect concerned,
and such information must be available at a time which will permit the application of remedies before the crop is injured beyond
recovery.
Natural control of insects.—In nature insects are exposed to many
checks which tend to reduce their numbers. The principal factors
which accomplish their destruction include adverse weather conditions, birds and other animals, parasitic and predacious insects, and
disease, including fungi, bacteria, and the little understood filterable
viruses. With such a widely scattered group of enemies, the insects
must necessarily be constantly on the defensive and would become
decimated were they not themselves capable of extremely rapid
multiplication and fitted to live under a wide variety of conditions.
In addition to this, in cultivating a variety of crops in wide areas
man has tended to upset natural conditions, thus aiding the most
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adaptable forms of animal life, the insects, many of which are his
enemies.
Climate affects insects in two ways—it may either reduce their
numbers or restrict their economic distribution. The climatic factors
of temperature and humidity alone determine the distribution of
several vegetable pests. Thus there are found insects, like some root
maggots, which are pests only in northern localities where the temperature is not warm over a long period and minimum temperatures
are relatively low. On the other hand, insects, like the harlequin
cabbage bug and the southern green stink bug, are largely limited
to the southern United States, and though individuals often may be
found well to the north, they are seldom able to attain injurious
abundance there. Humidity alone is an important factor in deter-

FiG. 276.—Onions killed by onion thrips showing whitened appearancee of plants .
from which the sap has been extracted

mining the distribution of insects such as the sugar-beet leaf hopper,
stalk borers, and the melon and pickle worms, since some of these
insects are pests only in the humid East, others in the arid West.
Although some of the influence of climate on insects may be due to
its effect on the food plants in supplying a suitable succession of
favorable food plants, there is reason to believe that it also has a
definite effect on the insects themselves.
Aside from the limiting effect of climate on insect distribution,
^adverse climatic conditions exert a great influence on the seasonal
abundance of vegetable pests. All species of insects are greatly
reduced during winter, even under relatively favorable hibernating
conditions, and where the weather is adverse the degree of mortality is increased. Conditions which reduce hiberating insects
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include rapid changes in temperature, humidity either above or
below the optimum, low minimum temperatures, and storms. Any
departure from the normal climate increases insect mortality, the
degree of effectiveness being largely dependent on the amount of
variation and the rapidity of the change.
After the insect emerges from hibernation the beginning and rate
of reproduction are susceptible to the influences of temperature and
humidity. In the first place such conditions may have a great
influence on the presence or absence of acceptable food plants, and
})eyond this the weather conditions have an important influence on
the rapidity of multiplication of the insect itself. Cool weather or
unfavorable moisture conditions may greatly delay the emergence
of the pest from hibernation, may retard growth, or delay the deposition of eggs. Moisture requirements for different insects vary
greatly, but there is generally less difference as regards the temperatures necessary for insect development. Insects closely related
may require very different climatic conditions for their greatest
increase, as is shown by the melon aphis and pea aphis. Both insects
are primary pests of their respective crops, the former attaining its
maximum injurious abundance in the South whereas the latter occurs
in destructive numbers in the northern half of the country. Hot,
dry weather enables the melon aphis to multiply rapidly, and when
such weather conditions occur for a period at a time when colonies
of the pest are generally distributed, plant injury is sudden and
sure. The pea aphis, on the other hand, prefers moist and slightly
cool weather, and several weeks of such weather are usually the
prelude to injury in the pea fields, provided, of course, the early
infestation has been general.
The effect of weather on delaying or retarding insect multiplication may partially determine insect abundance, but in addition to
this, it has a direct influence in killing the insects which may be
present in the fields. Excessive summer temperatures may kill the
eggs or young larvae of some insects, and heavy precipitation is generally of great assistance, both in killing insects and in promoting
plant growth, so the crop may recover from injury and resume
growth. Heavy or regular rains are an important factor in the control of the onion thrips and most vegetable-feeding aphids, since
many of these delicate insects, when washed from the plant and imbedded in sand or mud are unable to return to the plant.
Although the direct influence of climate on crop pests may be the
determining factor in governing their possible injurious effects, these
same weather conditions have an important secondary influence
through their bearing on the abundance of parasitic and predacious
insects and diseases which undoubtedly are among the most important factors in the suppression of vegetable insects.
In nature, where conditions are not upset by the cultivation of
crops, an insect rarely gains ascendancy over its natural enemies,
or when this does happen, it maintains its destructive abundance
only for short periods. Yet even where cultivation has disturbed
environmental conditions, the natural enemies of an insect are of
primary importance. Parasitic and predacious insects are among
the important natural checks to the multiplication of vegetable pests.
The parasites include certain flies and many of the Hymenoptera,
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a group to which the bees and wasps belong. The parasites deposit
their eggs in or upon some stage of the injurious insect and the larval
form of the parasite kills its host.
Predators of primary importance include representatives from
several insect groups, as"^beetles (fig. 277), flies, and lacewings. It is
often difficult to separate parasites and predators by a clear-cut line,
since their activities may overlap. As a rule, however, the parasite
in its development generally kills only a single host insect, whereas

277,—Useful ladybirds which prey upon the melon aphis and other plantlice ; a. Adult of convergent ladybird {Hippoda/nUa convergería) ; h, pupa of
same ; c, larva of same ; d, adult of Scymnus terminatus ; e, larva of same ;
f, pupa of same. All greatly enlarged. Size indicated by hair lines at right of
adults. ( Chittenden )

FIG.

the predator requires a large number, depending on the length of its
growing period and the relative size of predator and host. The
parasite also kills its host slowly, while the predator kills and
devours its prey in a short period. These facts do not necessarily
mean that parasites are less effective than predators, for these conditions may be greatly affected by the insects concerned. The benefit
to be derived from both parasites and predators is dependent upon
a number of conditions, which include, among others, the relation
between the development oí the beneficial insect and its host, aiid
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rapidity of multiplication of the beneficial insect, together with the
number of its insect hosts. It is desirable to have several beneficial
insects preying on each crop pest, so that it is exposed to attack from
a succession of these insects throughout the season. As referred to
under fruit insects the control of injurious vegetable insects by other
forms is seldom perfect, since there are times when conditions may
destroy the beneficial species and permit the injurious form to increase greatly. In such years vegetable pests which normally do
little harm may attain injurious abundance and cause extensive crop
damage, but fortunately such conditions are only temporary and the
beneficial forms, having sufficient food, soon effect their suppression.
The cutworms furnish an example of this type of biological control.
In average years cutworms are only sporadic or pests on a small
scale, but on occasions may be the cause of heavy injury over wide
areas throughout a season. The pest is attacked by a large series of
parasites in the egg^ larva, and pupa stages, and in addition is subject to diseases and to attacks by predacious insects and birds. With
such an efficient succession of natural enemies, it is small wonder that
the cutworm is held to relatively unimportant numbers during most
years. Even under such efficient checks, however, the cutworms are
able at intervals to attain general abundance and be the cause of
heavy plant damage until their natural enemies regain control and
again reduce their numbers below the point of serious injury. Crop
pests which are held in control by natural means are generally
injurious only at intervals and in more or less regular cycles.
Diseases of Insects as a Means of Control
Insects are subject to attack by a wide variety of diseases, including those of bacterial and fungous origin, in addition to some
more obscure disorders which are not yet fully understood. Although the disease organisms are apparently widely distributed, it
is only when conditions are favorable that the value of diseases in
insect control becomes apparent. The two most essential conditions
appear to be favorable weather and overcrowding of the insect
host. The first condition permits the growth of the disease organism
and the second facilitates its spread from one insect to another.
Thus, heavy infestations of cutworms may be practically wiped out
in a few days by a bacterial disease, and the pea aphis or potato
aphis may be almost eradicated over large areas by the attack
of a fungous disease. The reduction of insects by disease may be
a useful method of crop protection, but unfortunately in vegetable
growing it is impossible to foretell the effectiveness of a disease
epidemic far enough in advance to depend on it for the control of
the pest. It is thus quite possible that one grower will go to the
expense of treating his field for the potato aphis and, owing to the
intervention of the disease, not obtain better final control than the
grower who preferred to delay treatment.
Cultural Control
With the possible exception of such crude and direct methods of
vegetable-insect control as hand picking, the suppression of pests by
cultural methods is probably man's most ancient method of solving
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this problem. Viewed in its broadest sense, cultural control includes
all measures connected with the selection, planting, culture, and
harvesting of the crop. A considerable latitude for the practice
of cultural control of insects is offered in the case of annual vegetable
crops.
Soil management a msans of insect control.—The breaking of the
soil for planting and the proper preparation of the seed bed contribute greatly to insect suppression. The former often niay be
very efficient in reducing the numbers of certain insects by mechanical
means, and the latter contributes to prompt germination and quick
plant growth, which would result in early and successful fruiting.
Insects partially controlled by seasonal plowing include cutworms,
certain wireworms, white grubs, the strawberry root borer, and any
others which are in the soil in the larval or pupal condition. Many
not killed outright are by this process exposed to unfavorable
weather or to attacks by birds and other enemies. Most vegetable
plants pass through the period of greatest susceptibility to injury
during the time between germination and the formation of the first
true leaves. During this stage they are so tender that either direct
or indirect injury may prove fatal. When this period of danger
is shortened by the proper preparation of the seed bed, the possibility of insect injury is lessened in proportion. In this way, possibly heavy injury by root maggots, springtails, cucumbei* beetles, and
other common pests of seedling plants often may be avoided. Insects, such as mole crickets, which injure plants indirectly by tunnelling through the soil, may become of minor importance when the
seed bed is prepared to produce rapid growth. In the same way
the early development of heavy roots will reduce injury by such
insects as wireworms and cucumber beetle larvae.
Modification of planting dates,—Other steps in the control of insects by cultural means include the variation in the planting time
in such a way that the susceptible period in the plant's development
does not occur at the time of the greatest seasonal abundance of the
injurious insect. Early planting of sugar beets for the reduction of
wire worm injury is based on the fact that wireworms can only kill
beets by severing the slender taproot. When this part of the plant
gets below the usual " working range " of the wireworm, the plant is
safe. Early planting of sugar beets for " curly top " control is also
practiced in some localities, since it has been found that if the plants
are large at the time the leaf hopper invades the field and transmits
the disease, a commercial crop may still be produced. In the case of
sweet corn in certain sections in the East, it has been noted that the
early and late corn are in silk at times when the corn earworm adults
are present at peaks of generations and are therefore liable to be more
heavily infested than midseason corn.
It must not be supposed that, as a rule, all crops planted early
are less susceptible to insect attack. Although it is true that fewer insects are generally present in the early spring, the early-planted
crops make a slower growth and are therefore generally susceptible to
injury over a longer period of time. In considering this factor, it
must be borne in mind that the grower must understand both the
growth habits of the plant and the life history of the insect under
consideration as inñuenced by seasonal fluctuations in temperature
and humidity.
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Cultivation^^ fertilizers^ and irrigation factors in insect control,—
Fertilization, cultivation, and irrigation of crops are of value in at
least two different ways; in the first place, some direct insect control is exercised, and in the second place, these methods, intelligently
used, stimulate growth of the crop to permit it to keep ahead of the
insect, or if injured, to recover. Very often a treatment with a
rapidly acting fertilizer will so stimulate the crop that an otherwise serious infestation will cause little or no damage.
Irrigation is generally accepted as a remedy for the beet root
aphis, a heavy irrigation being given as soon as the earliest wilting
becomes apparent. Proper harvesting and otherwise treating the
crop immediately afterward is one of the critical steps in cultural
control. Early harvesting and the protection of freshly harvested
potatoes is of great use in holding the infestation of the potato-tuber
moth at a minimum in the stored crop. Prompt removal of sweet
potatoes to a safe distance from infested fields will greatly reduce
the subsequent infestation by the sweet-potato weevil, both in the
harvested potatoes and in the succeeding crop.
Crop rotation and insect control.—Crop rotation is of fundamental importance in the supression of most soil-infesting forms
and is of great value in controlling all insects which attack only a
limited number of food plants. Since many of, our general crop
pests are sôijiewhat restricted as regards food plants of major importance, it is readily seen that most of them would be affected to
some extent by the application of such treatments. The greatest
benefit will be derived where the insect is almost wholly dependent
upon successive crops for its sustenance and is not carried on related
crops or weeds. The onion thrips is an excellent example of this
group, since the individuals w^hich cause damage any one year are
the descendents of those w^hich were produced on the previous
year's crop. Crop rotation would be an effective remedy for this
insect, but, fortunately, clean culture alone is generally sufficient
to largely prevent the insect from attaining injurious abundance.
For the sweet-potato weevil, rotation is an excellent remedy, since
the insects which might remain in the old field in left-over potatoes,
stems, or volunteer plants do not migrate far to infest a new field.
Although the mature insect has well-developed wings, it does not
fly readily, and the selection of the new field, a quarter of a mile
distant, will reduce infestation to a marked degree. In all rotations,
plants of closely related botanical groups should be avoided, since
the beneficial effects from rotation are attained by producing breaks
in the food supply of the injurious insects.
Where insects have at least one generation a year, a rotation of
alternating years is sufficient to show commercial control, but in
the case of vegetable-feeding white grubs and wireworms with
life cycles requiring tw^o or three years, a more carefully planned
rotation is necessary. Since some wireworms have a life cycle of
three years and do most of their damage during their last larval
season, a rotation of three years or less might result in only partial
control. The wireworms belonging to the genera Limonius and
Pheletes.^ which occur in the Pacific region and deposit eggs by preference in cultivated soil, come under this head.
Crop rotation is practiced primarily for the control of diseases and the preservation of soil fertility and, where practiced for
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insect control, its final effectiveness will be dependent largely upon
the size of the area involved and the rapidity of dissemination of
the migratory form of the insect under consideration.
Cultural control is not only in line with good farming methods
but does not require special and expensive apparatus and avoids
such cash expenditures as the purchase of insecticides. The application of such control measures does not, therefore, add materially
to the cost of producing the crop, a most important point in cases
where the growers can bear only the expense of planting and growing the crops and have no funds for expensive protective measures.
Cultural measures are of use also in the production of low acre-value
crops which do not justify an additional outlay for the control of
injurious insects. It must be remembered that cultural methods are
mainly of use in avoiding insect damage rather than for protecting
crops which are actually suffering from attack by pests in injurious
numbers.
Plant Resistance to Insect Injury
Certain species or varieties of plants possess characteristics which
enable them to show marked resistance to insect attack. These
resistance qualities may be physical, chemical, or physiological,
depending on whether the texture or nature of the plant makes it an
unfavorable host, whether it contains chemical components which
make it distasteiul to the insect, or whether the character of its
growth is such as to enable it to mature a crop under conditions of
infestation which would be injurious to ordinary plants.
Physiological factors, such as vigor or character of growth, are
useful in all plants, for these factors enable the crop to continue
growth in the face of insect infestation and to recover readily from
injury following suppression of the insect. The general value of this
quality is intimately connected with good cultural practices, since
the rapidity of plant growth is dependent upon both factors.
Other things being equal as regards edibility and market value,
plants which are able to withstand unfavorable growing conditions
are much to be preferred, since insect infestation may only be one
of several of the contributing causes of crop failure. In this connection it has been shown that certain varieties of potatoes do not
show the extreme type of injury from the potato leaf hopper, a
quality which is supposed to be due to extremely vigorous growth.
Experiments in the breeding of corn resistant to the corn earworm
have indicated that varieties possessing greater length and thickness
of the husk covering are freer from corn-earworm injury. Should
further work bear out these indications, it should be possible to breed
varieties of sweet corn which not only possess useful horticultural
qualities but which would reduce injury from the corn earworm to
a minimum.
The Control of Insects by Chemicals
In spite of the fact that insects are held in check by natural agencies and reduced by cultural means, it often becomes necessary to
combat them with chemicals in the form of dusts, sprays, baits, or
fumigants. Such methods, although expensive and not always satisfactory, are valuable in that they offer practically the only means
of relief, once the crop or product becomes infested.
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In undertaking the control of insects with insecticides, many
factors must be considered. These include (1) the determination of
the insect concerned; (2) selection of an effective insecticide; (3)
satisfactory application; (4) total cost of control; and (5) probable
return in added crop as the result of treatment. The first three
factors are entomological, the last two economic. The first factors
determine the possibility of controlling an insect, the last show if
insect control will pay. Market conditions are of some weight in
determining the possibility of obtaining dividends from insecticide
application, but general crop values are of the greatest importance.
Weather conditions and the stage of development of the crop must
also be considered as carefully as the progress of the insect outbreak
in the case of some pests. The application of insecticides may be
impractical on some of the low-priced annual crops, while on others
the insects if unchecked would not do sufficient damage to justify the
necessary expenditures for their control. Finally, the general protective factor resulting from the treatment must be considered, for it
is sometimes possible to protect crops over a much larger area than
that actually treated.
In the case of stomach poisons the insect is killed by ingesting the
poison with its food and such materials are effective only against
insects which consume plants or plant products exposed to insecticide treatment. Contact poisons, which kill either through the
trachea or by permeating the chitin (covering), with few exceptions
are used for the control of sucking insects. Exceptions to these rules
are found in the case of the striped cucumber beetles, some flea
beetles, and leaf miners which yield in varying degrees to both contact and stomach poisons. Fumigants kill by entering the trachea in
gaseous form and such materials are of most use in treating stored
products in inclosed spaces and for the treatment of greenhouse
insects.
The earliest insecticides usually consisted of sprays in which the
toxic material was mixed with water and sometimes in combination
with other materials which were added to augment the effectiveness
of the treatment either by activating the toxic portion or by increasing its spreading and sticking qualities. Recent insecticide developments, however, have brought dusts into prominence, since these
materials are more quickly and easily applied and the total cost of
application is generally less than in the case of sprays and is gaining
very rapidly in popularity and general use.
As a result of continued improvements the field of agricultural
insecticides has been standardized until at present there is a fair
choice of both contact and stomach poisons which are effective
against a large proportion of insect pests and at the same time
largely safe to use on foliage and in different situations and under
varying conditions.
Stomach poisons.—Stomach poisons for vegetable insects include
such materials as lead arsenate, calcium arsenate, Paris green, magnesium arsenate, zinc arsenate, derris, hellebore, white arsenic,
sodium arsenite, sodium fluoride, and others. The last named has
been used principally under western conditions as a poison in bait
for cutworms and earwigs. White arsenic and sodium arsenite are
more generally used in poison baits for grasshoppers and cutworms.
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Hellebore and derris are not generally used. The remaining poisons
consist of stable arsenicals which may be used in sprays and dusts
and applied to growing crops. Lead arsenate practically has superseded Paris green and for many years has been the favorite arsenical
for truck crops and fruits. Calcium arsenate is rapidly becoming
popular for general use. Its chief advantages are low price, good
stability, and satisfactory dusting qualities, but in addition to these it
meets the other qualifications for a good stomach poison, which
include (1) high insect toxicity; (2) favorable plant tolerance; (3)
good spreading and sticking qualities, and (4) wide compatibility.
Although arsenicals are applied to kill insects, there are many
groups which are repelled rather than killed. These groups include
active insects, such as flea beetles, blister beetles, and others which
can move readily from plant to plant. Foliage is susceptible to
injury by some arsenicals, and plant tolerance to the spray must
always be considered. This factor varies largely with the quantity
of soluble or uncombined arsenic in the material, but undoubtedly
there are other factors which have some influence on plant injury.
The stage of growth of the plant, presence of new foliage, and other
factors may be of importance in connection with spray injury and
climatic conditions, including both humidity and temperature, also
have a definite relation to foliage injury by sprays.
Contact poisons,—^Among contact poisons are included nicotine,
soaps, oil emulsions, sulphur preparations, pyrethrum, Bordeaux
mixture, corrosive sublimate, derris, and a few others. Oil emulsions and soaps are used only in sprays, but the other materials
may be employed either in the spray or dust form. Bordeaux
mixture is useful as a control for the potato leaf hopper. Corrosive
sublimate is valuable for the control of root maggots and as a
repellant for ants. The sulphur preparations are utilized in mite
control and sulphur dusting is a successful treatment for these pests
where températures are high enough to release the sulphur fumes in
toxic concentration.
Nicotine, soaps, and derris are used against soft-bodied sucking
insects, such as aphids. Derris is an organic material and although
efficient is not yet in general use. The contact insecticides in most
general use include nicotine and soaps, in addition to the sulphur
compounds. Soap may be used with the nicotine spray mixtures
and undoubtedly adds to the toxicity, in addition to improving the
spray from a mechanical standpoint. Soaps are of greatest use
against the soft-bodied insects, like plant lice, but are used mainly
in small-scale operations. Contact insecticides have been generally
used in spray form but the recent development of nicotine dust has
given great impetus to the use of dusts. Nicotine solutions in high
concentrations (40 per cent) added to some carrier, as hydrated lime,
make a dust which has shown a high toxicity for many sucking
insects, such as aphids and nymphs of the plant bugs. In addition to
this, some chewing insects, such as flea beetles and the striped cucumber beetle, are readily controlled with such material. The dusts
range in strength from 1 to 4 per cent of actuaV nicotine, but the
1^^ and 2 per cent dusts are favored for general use.
Sprm/s vs. dusts,—^Although some of the recent improvements in
th^^ insecticide field have been due to the development af new com-
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binations which either increase the toxic effect or lower the cost,
the greatest development has undoubtedly been due to the wider
utilization of insecticides in the form of dusts. This step has greatly
popularized insecticide application and has led to the wider application of chemicals. This point is of paramount importance since the
final value of an insecticide depends on its general use by the growers.
The popularit}^ of dusts is based largely on the following points :
(1) Rapidity of application; (2) water not necessary; (3) lighter
weight of working equipment, and (4) no delay to fill tank and mix
stock solutions. For a long time sprays maintained their popularity
because of the belief that they assured better distribution of the
poison material under all conditions. Although sprays may penetrate better than dusts in some instances, this factor is not alone responsible for insecticide distribution, and it has been found that
electrically charged or finely divided dusts may reach to protected
parts of the plant not covered by sprays.
Fumigants.-—Fumigants are used principally to kill insects in
inclosed spaces. The compounds generally used include the
cyanides of sodium, potassium, and calcium, carbon disulphide,
carbon tetrachloride and nicotine. Hydrocyanic-acid gas is used
in killing insects in stored products and green houses. Hydrocyanic-acid gas is generated from sodium and potassium cyanides
by means of dilute sulphuric acid. Calcium cyanide releases
hydrocyanic-acid gas on exposure to moist air, ño apparatus being required for its use. Although the latter material is a new
development, it is being tested for many insects not inclosed, and
under these conditions may be called an "open air" fumigant.
Many satisfactory kills have been obtained in preliminary outdoor
tests, but'since it is extremely difficult to build up toxic concentrations of hydi*pcyanic-acid gas under these conditions and maintain
them over a killing period, the use of calcium cyanide for the control
of vegetable insects outdoors may be said to be still in the experimental stage. The high toxicity of this material to various plant
bugs, which are highly resistant to most insecticides, indicates that
it may find a field for usefulness in this directiöli. Calcium cyanide
used as a soil fumigant has already proven its usefulness for the
control of some of the soil-infesting insects under certain conditions.
^ Carbon disulphide is one of the oldest and best-known fumigants.
Its action is slower than that of cyanides and it is impossible to
build up ä killing concentration at temperatures much below 65° F.
With the exception of the fire hazard, it is not as dangerous to use
as the cyanides and is still in great favor for the treatment of many
stored products. The liquid volatilizes and the carbon-disulphide gas,
being heavier than air, penetrates material readily. Exposures generally last from 12 to 48 hours, depending on the insect and the
material to be fumigated. The principal objection to carbon disulphide is that the liquor is inflammable and the gas when mixed with
air is explosive in the presence of fire. Carbon tetrachloride is of
relatively low toxicity and is used as a fumigant to only a small
extent but has the advantage of being nonexplosive.
Nicotine is still a popular fumigant for greenhouses in spite of the
fact that dosages for sodium cyanide have all been worked out and
that the latter is more effective in killing insects. Nicotine is favored
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by some greenhouse men because of its safety, but recent tests with
calcium cyanide have definitely demonstrated the usefulness of the
material for greenhouse work. Nicotine is volatilized by heat, and
exposures generally last about 12 hours.
New and Promising Insecticides
During the last few years the attention of entomologists and chemists has been directed toward the development of new insecticides
and improved methods for the application of all insecticides. Some
success has resulted and several promising compounds have been developed. Carbon-disulphide emulsion has given excellent control of
soil-infesting forms, like May beetles and wire worms, but with present methods this treatment is only promising in cases where the
returns from vegetable crops will permit a heavy expenditure for
insect control. Recent experiments in search for cheaper contact
insecticides have shown that certain of the fatty acids (capric, etc.)
have a definite,and rather high toxicity to some sucking insects. The
acid is made up into a stock emulsion with soap, glue, and benzol
gasoline. In preliminary tests sodium fluosilicate has shown promise
in the control of a wide variety of vegetable insects. This material
is effective as a stomach poison with the additional advantage of
cheapness and low toxicity to higher forms of life.
Future Outlook for Vegetable Insect Control
With a greater concentration of the vegetable industry, under
average conditions, such development would tend toward heavier
insect losses. On the other hand, large-scale vegetable production
permits of wider practice of cultural control and the consequent reduction of pests. Under such conditions, it is also possible to provide the necessary materials and equipment for prompt treatment of
such insects as do appear. The trend of treatment of vegetable
insects in the future therefore seems to be more in the nature of sound
farm practice to prevent the appearance of insects and at the same
time to insure the development of vigorous plants with resultant
good crops. These methods can be made a part of crop production
without material increase in cost and their value lies in the fact that
the cheapest and most effective way of controlling vegetable insects
is to avoid their presence.
Combination Disease and Insect-Control Measures
Frequent reference has been made in the foregoing pages to the
close relationships existing not only between the life history and
activities of the various diseases and insects of fruits and vegetables,
but al^^ as to their methods of control. Many horticultural crops are
subject to disease and insect enemies that respond to the same control
methods and materials. Certain chemicals used in the control of
insects and diseases may be combined without changing them chemically, and thereby effect dual control resulting in a saving of time in
making the application. There are, however, numerous chemical
and physiological relationships and limitations that must be considered in connection with combination insect and disease-control
measures. It is obviously desirable wherever practicable to combine
91044'>~26
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the materials used for two or more phases of control in order to
reduce the expense and to obtain timely application of the necessary
materials. This is especially important in view of the fact that the
labor required in the application is frequently the largest item of expense. In cases where the disease and insect infestation do not
occur simultaneously, dual application is impracticable. The chemical relationships of the materials employed, however, are of vital
importance as combinations of certain chemicals in a single spray
or dust may result in the production of conipoimds that are injurious
to the plants or which may modify the effect of the individual ingredients. In order that the grower may not injure his crops or
fail to obtain control, it is essential that he have accurate information as to the combinations that may be made safely and effectively.
Table 1 gives the more important insecticides and fungicides
which are ordinarily combined, together with the limitations in
their application.
1.—Spray and dust comMnations ^

TABLE

FUNGICIDES

Basic material

Contact sprays

Nicotine sulphate
do
do
do
Bordeaux
ture.

mix-

Stomach poisons

T^ead arsenate
do

Stickers,
spreaders, or
neutralizers

Soap- _
Soap__

Calcium arsenate _

do

licad arsenate
Calcium arsenate..

L i m e-sulphur
concentrate.

[Nicotine sulphate. .
....do

:

Self-boiled lime- (Nicotine sulphate
sulphur.

do

Soap__ _ _

Lead arsenate. _. _
do. __
Lead arsenate

Casein

Remarks

_

Not on peach.
Do.
Do.
Not on truck crops, except
cabbage; not on peach.
Not on fruits, especially
stone fruits.
Not on peach.
Not on fruits, especially
stone fruits.
Not safe on tender foliage.
Not on truck crops; not on
peach.
Do.
Do.
Use on stone fruits, not on
vegetables.
Do.

CONTACT POISONS

Basic material

Lime-sulphur
concentrate.

Nicotine sulphate.

Contact sprays
or fungicides

Stomach poisons

Stickers,
spreaders,
neutralizers

ÍNicotine sulphate
....do
Lime-sulphur concentrate.
...-do
.__.do
Bordeaux mixture...
_...do
_—do..
do

Lead arsenate
do.
Casein
Lead arsenate
Calcium arsenate.
Casein-Lead arsenate
Calcium arsenate.
Lead arsenate
.do

Remarka

Not on truck crops; not
on peach.
Do.
Do.
Do.
Do.
Do not use.
Not on peach.
Do.
Do.
Not on fruits, especially
stone fruits.

Milk of lime. _
Casein
Soap or casein.
Calcium arsenate . Milk of lime-- Not on fruits, especially
stone fruits.
1 Combinations containing soap and lime-sulphur, lead arsenate, Paris green, or calcium arsenate should
be used with caution on tender foliage, The addition of casein does not alter any combination spray.
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1.—Spray and dust combinations—Continued
CONTACT POISONS—Continued

Basic material

Contact sprays
or fungicides

Stomach poisons

Nicotine sul- Sulphur.
phate dust.
Kerosene emul- Bordeaux mixture...
sion.
Lubricating oil
do
emulsion.
\
Lubricating oil /Lime-sulphur
\Nicotine sulphate. /
emulsion.

Stickers,
spreaders, or
neutralizers

Casein

;Remarks

Contact insecticide and repellent.
Not on truck crops; not
on peach.
Combined dormant scale
treatment and fungicide.
[Dormant or delayed dor's mant treatment for scale,
aphids, and fungi.

STOMACH POISONS

Basic material

Fungicides

Contact sprays

Stickers,
spreaders,
neutralizers

Bordeaux mixture... Nicotine sulphate.
do_-Soap.
do
. do
Lime-sulphur conMilk of lime- _
centrate,
doNicotine sulphate.
do.-Soap

lllldoiy/""""".

Lead arsenate

do __
Finely ground sulphur.i

Nicotine sulphate.

Milk of lime..
do.-

Remarks

Not on peach.
Not on tender vegetables.
Do.
Not on peach.
Not on truck crops; not
on peach.
Not on truck crops, except
cabbages; not on peach.
Use on cabbage; not on
peach.
Used as dry dust.

Nicotine sulphate. Milk of lime.. Not on fruits, especially
stone fruits.
Lime-sulphur
... .do
Not on fruits, especially
stone fruits; not on
Calcium arsenate.
truck crops.
Bordeaux mixture..
. do
_
Not on fruits, especially
stone fruits.
Milk of limeDo.
fBordeaux mixture...
Not on fruits, especially
stone fruits; not on tender vegetables.
Paris green ___ ____do
Nicotine sulphate.
Do.
do...
... Milk of lime- Do.
do
Do.
Nicotine sulphate.
Do not use.
Í Hydra ted lime or gypsum are also used as diluents. They have no fungiddal value.

In the application of the table for determining safe combinations
for spray treatment, it is first necessary to make a careful diagnosis
of the separate troubles which must be treated. With this information the necessary chemicals for the treatment can be determined
and the table shows whether or not these chemicals can be combined and put on at one application.
In most instances combinations of chemicals must be made to
effectively control both insects and diseases or even different combinations of insects or diseases, but in a few instances it has been
found possible to control both insects and diseases by the use of a
single substance. In such instances a material primarily used as
a fungicide has also insecticidal or deterrent properties which at
the same time make it the best-known means of controlling certain
insects* In such a category would come the use of Bordeaux mixture
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for the control of potato leaf blights since it acts also as a deterrent
to a flea beetle and is the best-known remedy for the potato leaf
hopper, which is the cause of hopperburn.
Another example of the dual-purpose treatment is found in
the case of lime-sulphur which acts both as a fungicide and a
contact insecticide when applied during the winter to dormant trees
for the control of San Jose and certain other scale insects, pear-leaf
blister mite, peach-twig borer and others, and at the same time
destroys spores of various disease producing fungi. Lime-sulphur
in a dilute form is used as a summer spray for the control of various
leaf and fruit diseases. In the summer spray lead arsenate may be
added to control the later broods of codling moth and other chewing insects.
In some cases the insects bear an essential relation to the disease
in their being the most important, or often the sole agent of transmitting the disease organism or virus from plant to plant and from
field to field, as is the case with cucumber wilt and the striped
cucumber beetle, and potato virus diseases and the plant louse. In
such cases the successful control of the insects furnishes at the same
time a high degree of control of the disease as well, the value of this
treatment depending upon the timeliness in controlling the insects,
which are the contributing cause before the disease becomes a factor
in crop production.
In most instances, however, insects and diseases occurring on a
plant have no special known relation to each other, as, for example,
in the case of the Colorado potato beetle, and the potato leaf blights,
or the codling moth, and apple scab, bitter rot, and blotch.
Materials for Combination Treatments
Sprays.—Bordeaux mixture is the most widely used fungicidal
spray tor the control of leaf diseases of truck crops and of many
fruits. When properly made with reliable chemicals and applied at
the proper time with efficient spraying appliances which deliver fine
sprays, many leaf diseases are efl'ectively controlled and disease
losses markedly reduced. Different strengths are used on various
crops but the 5-5-50 formula (5 pounds bluestone and 5 pounds lime
in 50 gallons of water) is commonly used for most truck crops
including potatoes, tomatoes, and watermelons. A weaker solution,
such as 1 1 50, is used by some on celery, or 2-4-50 for the earlier
applications on crops like cucumbers and muskmelons which under
certain conditions are sometimes injured by the stronger spray. As
a rule the 4-4^50 or 3-3-50 strengths are used on fruite.
As shown in Table 1 Bordeaux mixture may be combined with
many of the standard insecticides such as lead arsenate or calcium
arsenate to act as a complete spray for leaf and fruit diseases, as
well as for any chewing insects such as Colorado potato beetle or
codling moth.
To be effective for sucking insects also, the addition of nicotine
sulphate in some form is essential and may be included without
injury to the crops or reduction of the efficiency of any ingredient.
Eesin fish-oil soap may be added to any of these combinations if
desired to increase the spreading and sticking of the spray, but the
addition of soap to an arsenical should only be made where the
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plant is hardy, for a combination of soap with an arsenical raises
the soluble arsenic content of the spray mixture and makes it more
injurious to foliage. The addition of soap is especially important in
sprays for crops like onions and cabbage, and only slightly less so
on the fruit of cranberries and grapes on which it is difficult to get
the spray to stick.^^
Dusts.—^As a result of renewed experiments with various dust
fungicides and insecticides during the last few years, marked improvements in the materials available for use, and in the methods
and equipment for applying them have been made. It is recognized
that there are certain definite advantages in dusting over spraying
which make it highly desirable that methods and materials be devised for overcoming the offsetting disadvantages and thereby making possible a larger substitution of dusting for spraying. The advantages are chiefly speed of application, lightness of equipment
needed, and lower initial cost and operating expense. The offsetting
disadvantages ai^ lower efficiency of most fungicidal dust materials
at present available and the considerably increased cost of these
materials, which in many cases is not balanced by the greater speed
of application. Dusts are, however, being used in some instances as
supplementary to sprays and in others as substitutes for them, and
it seems probable that their use will increase in the future in direct
proportion as their efficiency is increased and their cost reduced.
Where fungicidal dusts have proved effective for disease control it
is frequently possible and highly desirable to combine with them
the required insecticides.
Sulphur and copper-lime combinations are among the most important fungicidal dusts now available and where these give satisfactory disease control they can be combined with insecticides to
furnish insect control at one operation.
Powdered arsenate of lead is the leading dust insecticide for chewing insects on tree and small fruits and on truck crops. Calcium
arsenate where it can be used is cheaper and is as effective as lead
arsenate, but can not be used with safety on most horticultural
crops, especially the stone fruits. Insecticidal dusts are available for
control of insects and are coming into more general use than fungicidal dusts. They can be combined where desirable.
Nemic or Nematode Pests of Fruits and Vegetables
Nemas or nematodes, often called eelworms or roundworms, owing to their abundance and wide distribution, bear an important
economic relationship to practically all phases of fruit and vegetable production. There are many species and millions of individuals, of plant-infesting nemas occurring in soils everywhere, many
species living in plants, some being very injurious. Nemas are
slender, round, and threadlike and often so small as to be invisible
to the naked eye; if visible, they look like small, whitish threads,
rarely more than one-sixteenth of an inch in length. Their bodies
are usually transparent so that with the aid of a microscope their
internal, aä well as external structure can be seen (fig. 278). Oc.
20 See Faritíers' Bulletins 1060, 1081, and 1220.
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278.—Female of a typical mononch, Mononchus longicaudatus, a syngonlc form.
This individual had been feasting on other nemas, the remains of which are shown
inside the Intestine. Only the anterior half of the sexual organs can be seen in the
illustration ; an entirely similar branch is hidden on account of the colled attitude
of the body

FIG
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casionally tiny earth worms (technically known as OUgochaetes)
are mistaken for nemas, but are easily distinguished by their larger
size. In addition, nemas practically never contract their bodies
longitudinally as do all earth worms; also, nemas are not segmented and do not have movable locomotor bristles along the body.
The illustrations accompanying this article show the nemic life
cycle, including adult nemas, the ^gg^ and the larva. The egg (fig.
279) is minute, ovoid or spheric, and its shell is usually smooth ; it
is sometimes very resistant to dryness and cold. The %gg is easily
transported by water, wind, or animals, or attached to almost any
moving thing to which it may adhere. The larval nema (fig. 280)
has the general appearance of the adult but is without sexual or-

X75ff
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270.—Egg of Aphelenchus eocophilus as found in the tissues of the trunk of
coconut palm, cph, head of embryo; hlJ), oesophageal bulb; nrv r, nerve ring; oe,
oesophagus ; teg, shell of the egg
FIG. 280.—Manner in which Aphelenchus eocophilus occurs in the parenchymatous
tissue of the trunk of the coco palm, aph 1 and 2, two individual nemas as fixed in
formalin ; cph, head of a nema lying in the intercellular space ; term, tail end of
same ; par, parenchymatous cell of palm ; rph, rhaphides in another cell ; gm, one of
the granules in the more or less disintegrated contents of one of the cells. All the
palm cells shown are dead. The material here shown could be contained in a particle
of trash only one one-hundredth of 1 inch long.

FIG.

gans; while growing it sheds its skin (cuticle), usually four times.
The larvae are sometimes very resistant to cold and drought. The
sexual organs mature at the fourth moult or shedding of the skin,
after which reproduction occurs.
The larva? of some species of nemas have the faculty of forming
cysts ; that is, of transforming the skin or cuticle into a protective
cover, and, if need be, remaining inside in a dormant condition,
highly resistant to changes of temperature, dryness, etc. In this
condition nemas may be easily transported. Some nemas encyst
themselves attached to insects and are thus protected and transported. Their small size, their slender form and snakelike way of
moving, combined with their ability to resist unfavorable conditions
adapt nemas for life in the soil and for a parasitic life in plants and
animals.
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Nemas are one of the important factors in soil life, and influence
soil changes in various ways. They live in wet and dry lands, in
clayey as well as sandy soils, and thrive wherever plants grow or
animals can live, from snow-covered mountains in the Arctic regions
to the warmest parts of the Tropics. Nemas are numerous in the
soil—the richer the plant life, the greater their number. This
interrelationship between plants and nemas finds expression also in

w

FIG.

282

FIG.

283

Fioî. 281.—Tt/lcnchulus semipenetrans. Mature and half-grown females, with their head
ends permanently embedded . in the feeding root of a citrus tree. This is a plant
parasite simihir in many ways to the notorious gallworm, Vaconemu radüñcola. a. Tail
end ; h, vulva ; Cj, excretory pore ; d, e, egg in uterus
Fio. 282.—Citrus root attacked by the parasitic nematode Tylenchulus semipenetrans,
magnified five diameters. The parasites are shown at a. They are shown black, but
in reality are yellowish or brownish. Owing to the presence of the parasite the feeding
roots may become somewhat enlarged and irregular and the outside portion of the root
somewhat separated from the axial portion, as shown at ft. When the roots are
agitated in water the outside portion sometimes becomes loosened in segments whi<ih
will slide on the axial portion h^ somewhat as beads slide on a string
Fi(!. 288.—Half of a cross section of a root of coco palm infested with the nema Aphelenohus cocopMlus. cor, bark or cortex of'root; m and f, male and female nemas infesting the root ; jTv^ central fibro-vascular bundle of the root

a. denser nema population in and about the roots of the plants. With
increasing depth and decrease in the number of roots,- fewer nemas
occur, but following long roots nemas penetrate many feet into the
soil, in fact as far as do the roots (figs. 281 to 28B). The surface
layer of the soil with its large quantity of dead and living organic
material is especially rich in nema population. Estimates showed
their minimum number in the top 6 inches of an acre of a Missouri
corn field to be 048,000,000; of a Rhode Island field 610,000,000;
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of a Minnesota field 121,000,000. The maximum numbers would,
undoubtedly, be multiples of these figures. They live in and on
plants throughout the year, their number being largest in the summer. Frozen as well as dry soil may contain them, and thawing or
moisture will bring them back to active life.
Nemas play various rôles, some being factors in the change of
organic matter to humus, thus influencing the life associations of
the soil. Sprouting seeds often attract large numbers of nemas, but
often resist their attack if none of the especially injurious forms aro
present. Kati Marcinowski counted on three apparently healthy
sprouting wheat kernels the following : On No. 1, 15 nemas belonging to 8 different species; on No. 2, 31 nemas of 6 different species,
and on No. 3, 75 nemas of 7 different species.
Certain of the nemas feed on only one or at most a small number
of plant species; others feed on almost any plant, while still others
feed on animal as well as plant food. Quite a number of nemas feed
on other nemas, these being useful to man where they feed on
injurious parasitic forms. (Fig. 278.) Soil fungi, soil algae, and
soil bacteria are the chosen food of other nemas. On the other
hand, while nemas have their diseases fungoid, protozoic, and bacterial—certain of the nemas are carriers of soil microorganisms
and in this way may spread diseases of plants and indirectly do
much harm. They also do good by fostering the growth of the
microorganisms connected with the formation of humus. Nemas not
directly injurio'us may become indirectly so, because when feeding on
plants they break the protective surface tissues and thereby create
an entrance for diseases. The general effect of nemas on the soil,
especially on its plant life, is manifold and of far greater economic
importance than is commonly realized. Soil nemas spread by their
own activities. These wanderings take place radially from the original center of infestation. For this reason field infestations, large or
small, are, as a rule, more or less circular areas which increase year
by year. The spread of nemas by means of carriers, however, is
more important. Man is the most important carrier, spreading the
nemas in the soil adhering to his footwear, tools and machinery,
nursery plants, bulbs, seeds, packing materials, hay, manure, and, m
fact, in almost any material that may be moved from one point to
another on the farm. Animals and birds of many kinds, both domestic and wild, as well as insects, are carriers. Wind and water,
especially irrigation water, are important distributors of nemas.
The heavy losses in the fruit and vegetable industry owing to the
work of nemas are often attributed to other causes. Nemas work
invisibly and it is difficult to estimate their annual damage which
in the aggregate amounts to many millions of dollars, though absolute failure of crops because of nemic diseases is exceptional. Losses
of 4 or 5 per cent are extremely common and very often are much
higher. Poor stands, reduced harvest, and nonmarketable crops are
caused by nemic pests. The effect of a nemic disease upon the crop
varies from reduced vitality and lower resistance to other pests to
complete loss. Young plants suffer more than do the older ones;
nearly all parts of plants—roots, stem, foliage, flowers, and fruit—
have their specific nemic diseases. Nemas occur in all parts of the
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country, but flourish especially where the climate is mild. During
recent years nemas have become very important greenhouse pests.
The presence of nemas may manifest itself in various ways, often
in the form of swellings called galls (fig. 284) which may occur on
the roots, stems, leaves, flowers, or even on the seeds. Owing to the
fact that their parasitic organisms such as fungi and bacteria may
induce plants to form galls, the presence of these latter are not a
characteristic of nemic diseases only. In other cases nemas cause
an abnormal growth in
plants, mainly distortions, dwarfings, and
cauliflowerlike growths.
Heaviljr infested roots
sometimes form an abnormally large number
of fine rootlets or become "bearded." Other
nemas living in stems,
leaves, or flowers may
give rise to spots of
yellow, brown, or red
color. Seeds containing
nemas are sometimes
dwarfed, but often enlarged. Potatoes infested by nemas usually
have a rough, warty,
and somewhat discolored surface.
To determine the
PIG. 284.—Roots of tomato,
showing enlargements
caused by the gall nema Gaconema, radioicola. To- cause of any trouble of
matoes sometimes suffer sererely fromi this disease. this character beyond a
(After George F. Atkinson.)
doubt, it is necessary
to determine the presence and species of the associated nema
by the aid of a microscope. Some plants are more or less
immune to nemic attack, while some are to a certain degree
protected against nemic attack by the toughness of their bark
or, seems likely, by specific substances contained in their tissues.
Such resistant varieties may often be used to advantage on
soils that are heavily infested. It is interesting that the same crop
may be effected by nemic pests in one locality but appear nonsusceptible in another locality. Nemas appear to have developed different tastes, the explanation of which seems to be as follows : Nemas
have sense organs which enable them to locate the host plant they
prefer, even at considerable distance. They move through the soil
toward the preferred plant, seeming to neglect other possible host
plants closer by. Although some injurious nemas attack a large
number of different crops, any given nemic population may prefer
a particular crop or a small group of crops. This preference seems
to be acquired. Thus the nemic populaiton may be said to specialize
more and more on a particular species or variety of plant. If the
latter is present, the nemas will promptly attack it in large numbers ;
but if absent they may hesitate, or, at least,, not promptly take to
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another host plant, even if right at hand. This explanation shows
why nemic pests increase where the same crop is grown year after
year—the nemas seem to adapt themselves to the particular crop, and
for that reason their attacks become more and more deadly.
Although there is at present no possible way of determining accurately the economic loss to the fruit and vegetable industry owing to
nemic infestations, these losses are so broadly distributed and affect
so many different crops as to render this class of pests one of the most
important with which the fruit and vegetable grower has to deal.
Their spread has been rapid and it is only within recent years
that any real knowledge has been gained relative to either their
life history or control measures. At present the losses to nurserymen and plant growers from root knot (fig. 284) resulting from
nemic attack are enormous. The vegetable grower, especially in
the milder climates of the country, has in many cases, been compelled to abandon the growing of (pertain crops because of nemic
infestation. The greenhouse-vegetable growers of the North have
spent millions of dollars in steam and other* forms of sterilization,
and in the various methods that have been adopted for the control
of nemic pests. With the establishment of the bulb-production industry in the United States there has arisen an impiortant economic
problem in the control of nemas (fig. 285). In fact the persistence
in spread of nemic pests has already indicated certain geographic
limitations in the development of the bulb industry.
Remedies
No thoroughly direct control for nemic diseases of plants has been
found. The chief measures to be taken are of a preventive nature.
Crop rotation is one of the most effective measures and is based on
the behavior of the nemas in the selection of host plants, and on the
fact that nemas in general do not at once readily adapt themselves
to new and different hosts. In crop rotation special attention must be
paid to weeds which, if not destroyed, frequently carry nemic pests
over long rotation periods. In order to minimize a nemic pest
through rotation, the causative nema must be determined and for
this purpose it is desirable to have as much as possible of the previous
crop history of the infested field. Nemic pests in greenhouses and
nursery beds can often be controlled by sterilization by means of
steam, hot water, or dry heat. Numerous chemicals have been tried
from time to time, including calcium cyanimide, formaline, and carbon disulphide, which have received a limited amount of approval.
The quantities of these chemicals, however, that are necessary in
order to obtain satisfactory results make this method expensive,
and thus far chemical treatment has not been extensively adopted.
For certain plants which have dormant stages such as bulbs, seed
dasheens, and others, a hot-water remedy has been found by which
the bulbs are submerged for three to four hours in water which is
kept at a constant temperature of 122° F. No nema, including the
eggs and the larvae has been known to survive a hot-water treatment
of 130° F. for more than a few minutes, and a 3 to 4-hour treatment
at 122° F. is generally considered effective. In certain cases, temperatures as low as 110° have been recommended as sufficient. Prevention in the nursery, greenhouse and propagating beds is best ob-

582

Yearbook of the Befartment of Agriculture^ 1925

tained by using clean, uninfested soil, clean seed, clean nursery stock,
and by avoiding contamination by the careless spreading of the
nemas as previously referred to. Rotation of crops is, undoubtedly,

^IG. 286

FIG. 285
285—-The devastating nematode of the onion and other bulbous crops {TylencJms
dipmci). This nematode has caused enormous damage in the Netherlands and other
parts of Europe, where it attacks the onion, hyacinth, and numerous other plants. It
has been known for a long time in Europe and Australia ; no means have yet been
devised by which it can be eradicated. Recently it has been found doing great damage
to bulbs in the United States. It is one of the species which puncture the tissues of
plants by means of a long, narrow, tubular sting, or spear, located m the mouth. I, a
female • II, head of the same more highly magnified, the spear is most clearly shown ;
III tail of a male ; IV, vulva from below ; V, cross section of the neck passing through
the'sucking bulb; VI, front view of the spicula and accessory parts; VII, cross section
through the middle of a female, showing how the body cavity is filled completely by the
ovary (W7) and the intestine {z). a, lip region; h, tip of spear; c, m,edium sucking
bulb ; d, nerve ring ; e, excretory pore ; /, muscles for protruding the spear ; g, posterior
esophageal swelling; h, excretory gland ; i, hind end of spear; ;, loop m ovary ; fc, spiculuni, o? penis ; l, muscles for opening the vulva ; m, the vulva ; n, i?landular(?) bodies ,
o, bursa ; p, hind end of ovary ; q, uterus containing spermatozoa and a segmenting ^^^
(at r) ; r, segmenting egg ; ¿f, vagina ; t, the vulva or female s^ixual opening; u, Umá&A^
of posterior rudimental? ovary; v, intestine, showing its cellular sí^cture;!^, cross
section of an ^9^9^; x, aniis ; y, wings of the cuticle; 0, cross section of the intestine
FIG 280—Roots of cucun^^^^
enlargements caused by the gallworm. Nearly all
^'othercoriiSon garden plants are similarly attacked. There are many t^^^^^
of the
worms in the nodules upon such a root system. (After Kati Marcmowski)
FIO

the best known method of controlling nemas in the open ground. A
golden rule as applied to nemas is to " always be suspicious of any
swelling on the seed, plant, or cutting, or on the root, unless this
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swelling is well known to be natural to the plant.". This rule, if
followed, would have doubtless saved agriculture in the past from
enormous losses.
Over 500 different species of plants, are already known to be attacked by the gall nema which is the worst nemic pest known (fig.
286), if not the worst pest known to agriculture. Many fruits and
most vegetable crops are attacked by the gall nema {Gaoonetna
radicioota) which produces galls, swellings, and deformations on
roots and on tubers, where it is known as " big root " (fig. 284). The
sugar beet nema {Heterodera schachtii) lives on a score of host
plants, including beets, beans, peas, spinach, cabbage and its relatives,
potatoes, corn, etc., in addition to the sugar beet (fig. 287). This pest

'

FIG.

287.—Sugar-beet field near Lewiston, Utah, containing a small area very se-.
verély infested with nematodes. Photographed by Gerald Thorne

is sometimes rather difficult to recognize. In extreme cases on beets
the roots have a bearded appearance because of the large number of
small rootlets formed.^^ The stem nema {Tylenchus dipsaci)á,ttacks numerous host plants, among which are alfalfa, clover, onions,
potatoes, beans, peas, strawberries, and others. It produces decay in
bulbs of'hyacinth, narcissus, and onions, one effect being the occurrence of brown rings on a cross section through the bulbs ; by warty,
discolored surfaces on potatoes; and distortions and dwarfings on the
stems, leaves, and flowers, and even on the seeds of various plants.
The affected parts of the plants frequently, but not always, contain
the «nemas in large numbers.^^ The citrus nemsi- {Tylenchutus .seiwlpenetrmis) occurs on citrus trees (figs. 281 and 282), including the
sour and sweet orange, the grapefruit, and the three-leaf citrus fruit
21 See Farmers' Bui. No. 1345 and Dept. Agr. Clr. No. 297.
2" See Farmers' Bui. No. 1248.
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known as Oitrm trifoliata. It attacks the rootlets, which become enlarged and irregular, the outside portion becoming easily loosened."-^
Strawberry bunch (Aphelenckus fragaHde) occurs in the stems and
leaves of strawberries. A plant that is heavily infested produces an
abnormal growth; in the spring the leaves become deep red and
there is also a reddening of the under sides of the unfolded young
leaflets.
The above are but a few of the important nemic pests that have an
important economic bearing upon the horticultural industries, but
those enumerated will be sufficient to indicate the vast importance
of this class of pests. The present state of our knowledge of nemas
is such as to render it impossible to furnish all the information that
would be necessary in order that the average grower could determine either the kind of nema present or the remedy, and Avherever
there is a doubt active measures should be taken or a specialist Avho
has studied nemas consulted.
Birds, Maniinals, and Other Animals in Relation to Fruit and
Vegetable Production
Birds
The relation between bird life and the production of fruit and
vegetable crops is a complex one. Birds of many species and in
incredible numbers prey not only on insects that are a menace to
horticultural industries, but themselves take toll at times from the
farmers' crops. There are those that render conspicuous service at
all times in the destruction of scale insects, tent caterpillars, cutworms, or leaf beetles. There are a few whose presence in the
orchard during the fruiting season or in the garden earlier in the
year is generally looked upon with suspicion. Others distinguish
themselves as benefactors to the farmer at one season, while ai another, either through a concentration of numbers because of failure
of natural food supply, or simply through an acquired food preference, they become so destructive that measures for crop protection or
even local reduction in numbers may be required.
An outstanding fact revealed by the study of the relation of
birds to agriculture in this country has been the close association of
instances of severe damage with the operations of the pioneer farmer,
or the one situated in close proximity to conditions that may still be
looked upon as primeval. The substitution of orchards, gardens,
and fields of grain for areas that formerly afforded ample food in
the shape of wild fruits and the seeds of weeds naturally invites
damage by birds. The cultivated fruits and grains in some cases
seem even more attractive than the original food supply, and certain
birds not only thrive greatly but also tend to concentrate where the
new and abundant food supply gives assurance of easy living.
As time went on and the agricultural development of the
countiy progressed,^ small isolated holdings increased in number and in time joined with others to make great areas of
improved farm land. By this process not only were the birds
diminished in numbers through continued encroachment upon
23 Jour, Agr. Res., vol. 2, No. 3, June 15, 1914.
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their breeding grounds but the corresponding expansion of crop
areas tended to spread the damage inflicted by the remainder over
so wide an area that losses to individual farmers were materially
lessened.
What took place on the Atlantic seaboard in early Colonial days
is now being continued, under somewhat different environmental
conditions, on farms in the foothills of Colorado and California,
on plantations bordering the virgin marshes of the Gulf Coast, and
at numberless points throughout the country where man upsets the
long-established relations of things. He takes away that upon
which bird life has fed from time immemorial and often sets forth
in its place a veritable banquet table. The result is inevitable, and
there aré reasons to believe that on the narrow borderland of agricultural advancement the interests of certain birds and man will
long conflict.
Occasionally factors other than those mentioned account for bird
damage in orchard and garden. A sudden increase in numbers
and a resultant concentration of bird population are conditions productive of trouble even though the species involved may as a whole
be a most commendable one. Within recent years there has occurred a marked increase in the robin population, owing doubtless
to the protection now afforded the species in the Southern States
during the winter months. Where formerly the raids made on
winter robin roosts of the South served as an effective check,
absolute protection has resulted in a remarkable increase, with the
result that the producers of cherries and other small fruits in
some sections of our Northern States have suffered damage of increasing seriousness. The worth of the robin at other seasons of
the year and in areas where it is normally abundant is universally
recognized. When it concentrates in great numbers, however, during the ripening season small fruits may be seriously damaged.
Sudden failure of a natural food supply may also lead birds, ordinarily harmless to prey on cultivated crops. Apparently such a circumstance was the cause of the influx of robins into the olive
orchards of California in the winter of 1900-1901 and it may also
account for some of the erratic wanderings of the piny on jay resulting in visits to cultivated areas where ordinarily few are seen.
Drought also plays an important part in guiding the wanderings
and food preferences of birds, especially the fruit eaters. There are
indications that the occasional depredations of the Cape May warbler on grapes has as its stimulus a desire for water, and in the arid
regions of the Southwest, such birds as thrashers, orioles, and verdins
are at times driven to fruit eating by a scarcity of water. The
Lewis woodpecker of Oregon and Washington has a liking for
fruit, which is unduly emphasized on certain farms that happen to
lie in the direct route of migration of these birds from their breeding
home to their wintering range. Here the species may become a
serious pest, whereas in other sections its presence may scarcely be
noticed.
No species has shown itself to be so universally destructive that it
must be combated at all times, and it is manifest that bird damage
in the orchard or garden is a local problem. Peculiar environmental
conditions may so emphasize some minor preference that even the
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most commendable of birds may occasionally be an offender. However, the number of species that become objectionable with any degree of frequency is relatively small.
Crows have been the source of considerable trouble in cherry,
apple, prune, and apricot orchards and in the almond groves of our
far-western States. Persian (English) walnuts and pecans, as well
as such garden crops as melons and sweet corn, are not immune to
their attack. Several species of jays have shown similar proclivities, and grackles have made inroads on crops of Persian walnuts,
green peas and sweet corn. The robin of the East is our outstanding cherry thief, and the introduced starling has shown proclivities
of the same kind. Grapes and other small fruits are at times attacked by the same tAvo birds. The Bullock oriole, the magpie,
and the house finch may become troublesome in the irrigated sections of the West and Southwest, and also occasionally such birds
as thrashers and verdins. Sapsuckers of three species have been
known to damage fruit trees by their feeding operations on the bark
and cambium layer of growing wood, and that crowlike member
of the woodpecker family, the I^wis woodpecker, has revealed
marked frugivorous habits during its post-breeding migration.
The ubiquitous English sparrow frequently becomes a garden pest,
especially early in spring, when the tender sprouts of truck crops are
an attraction, and, in the irrigated West, such normally harmless
species as lark buntings and horned larks may become similarly
troublesome.
In spite of such incriminating evidence one must not lose sight oí
the fact that not only may the farmer successfully combat some of
these attacks and thus materially lessen or even avoid losses, but
that many of these same offending birds have redeeming qualities
that may more than compensate for the damage inñicted. There is
also that great host of other species that seldom or never inñict
damage to the products of the orchard or garden, many of which are
continuously at work holding in check insect pests that, if not
checked by birds and other natural enemies, would literally destroy
agriculture.
•
i •
Of the defenders of orchards few birds excel the cuckoos m their
useful services. These birds, primarily caterpillar feeders, are
special enemies of such pests as the tent caterpillar and the fall
webworm. Woodpeckers, of which there are 24 species in the United
States, specialize on wood-boring larvae and hibernating insects secreted beneath bark. Ants, generally looked upon as close allies of
plant lice, are preyed upon by practically all the woodpeckers, and
flickers have shown a marked preference for them. Flycatchers of
many species are common residents of orchards—these with the
swallows, make continuous warfare on all flying insects. Nuthatches,
titmice, and chickadees search diligently over the bark and smaller
limbs for scale insects and plant lice, and vireos and warblers form
the outer guard in the tree tops where a variety of insect life falls
as their prey.
As protectors of the garden we must look to our ground-teedmg
species. The starling, itself an offender at times in both orchard and
garden, is conspicuous because of its unrelenting war on cutworms
and grasshoppers. Even the crow is a notable enemy of the wire-
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worm and white grub. Meadow larks, grackles, and the multitude
of native sparrows are largely ground-feeders that come in contact
with garden-insect pests during the breeding season and exert a
powerful restraining influence.
Birds of prey through their persistent warfare on rodent pests
must also be looked upon as protectors of both orchard and garden.
The barn, long-eared, and barred owls, and the red-tailed, redshouldered, and Swainson hawks are conspicuous enemies of meadow
mice, rats, pocket gophers, and rabbits.
To obtain some idea of the general influence of bird life upon
agriculture and horticulture, one need only recall the number of
avian enemies of certain important insect pests of orchard and
garden. No less than 36 species of birds are known to feed on the
codling moth. Their combined work has resulted, in some localities^
in the destruction of from 66 to 85 per cent of the hibernating
larvae, good work that has had a pronounced effect in curtailing the
spring broods of this pest. In the Southeastern States alone, 128
birds are known to prey on wireworms, destructive enemies of a
number of crops, especially corn. Fifty-seven feed on white grubs,
known in their adult stage as May beetles. Cutworms have to contend with more than 75 bird enemies, and such notorious garden
pests as the cucumber flea beetle, and related forms, the Colorado potato beetle, and plant lice of many kinds, all must contend with
numbers of bird enemies that are quick to detect any unusual abundance in such food supplies.
The many cases on record of effective insect control by the concerted efforts of birds can not but convince the prudent farmer that
it is to his interests to encourage the presence of useful birds.
Shelter, nest boxes, a water supply, and protection from enemies cost
little and may yield much. With such things in mind the orchard
may be made an admirable bird sanctuary, and its products as well
as those of the garden will be benefited.
Rodents
Both the friends and the enemies of the horticulturist are included
in the general group of rodents. Practically every kind of fruit,
nut, and vegetable grown hj the horticulturist is subject to damage
by one or more species. Injury done in orchards and vineyards is
especially serious because of their value and the long-time investment and culture which they represent. For example, over 1,000
apple trees 18 years old were killed in a single orchard by pine mice.
Generally damage done by rodents is more or less seasonal, being
associated with a shortage of the usual food supply caused by snows,
or periods of drought and, in some cases, with special attractiveness
of cultivated products to rodents. The general distribution of species
of rodents injurious to fruit trees, bushes, and vineyards, and to
crops produced on truck farms and vegetable gardens, the character
of the injury done, and the determination and application of practical means of prevention, have been the subject of study by the
Bureau of Biological Survey from the earliest organization of this
work.
The root systems of fruit-bearing plants and vegetables are
attacked chiefly by pocket gophers and pine mice. In a Texas
91Ô44*—26
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nursery 90 per cent of the ¡^ecan seedlings were killed by pocket
gophers.
The trunks or branches of trees and vines and the surface portions
of vegetable crops are attacked by meadow mice, cotton rats, kangaroo rats, woodclmcks, mountain beavers, porcupines, and the various
species of rabbits, such as jack rabbits, snowshoe and cottontail
rabbits, and the European hare. Fruits and nuts on the tree may
be destroyed by tree squirrels, chipmunks, and various species of
ground squirrels. House rats, while at times doing damage in the
field to various fruit and vegetable products, are especially destructive to horticultural products stored in cellars, root houses, and warehouses, during shipment in freight and express cars, or w^ien held
in market places. Damage may be continued in the individual
homes, even to cupboard and pantry shelves. Inspection to detect
the presence of destructive rodents or to note the first signs of injury to the plants, and application of suitable control measures
should be regular features each year of the care of orchards, vineyards, truck farms, and gardens.
Pocket gophers.—Pocket gophers dig their runways extensively
under ground, throwing up mounds of dirt at intervals. These
animals must be guarded against at all seasons as they are active
throughout the year. They attack the roots of practically all fruit
and nut trees and also vines. In California, one hundred 3-year-old
apricot trees were thus killed in a 40-acre orchard. Damage to citrus,
apple, and date trees has proved serious wherever these pests occur.
In one county in California 25,000 orange stocks were required during one season to repair trees girdled by pocket gophers. They may
cut off practically the entire root system before passing on to another
plant. Sometimes only a portion of the roots will be cut off, which
deprives the plant to this extent of its fruit-producing possibilities
and opens Avounds for the entrance of disease-producing organisms.
Pocket gophers are also exceedingly fond of vegetables, such as
sweet potatoes, carrots, and parsnips, and may destroy row after row
of root and tuber products. The only hope of preventing losses
from their subterranean attacks is by the use of traps or poisons to
destroy all pocket gophers found at work in orchards, nurseries, vineyards, truck farms, or vegetable gardens and to see that none gain
entrance from the outside. In irrigated areas, the burrows of pocket
gophers cause breaks in canal banks and laterals. On an irrigated
project in New Mexico, 95 per cent of the breaks in laterals were
caused by pocket gophers. They also divert water during distribution so that some trees receive insuíRcient water and others are killed
by an excess.
Control measures,—Pocket gophers are readily caught in special
traps commonly found on the market, and a few of these set in the
entrance of burrows serve to keep small areas free of the pests. For
ridding large orchards, and long stretches of levees or irrigation
ditch embankments of these pests, a more practical method is to
poison them by use of baits of sweet potato, carrot, parsnip, clover,
alfalfa, or oats placed in their underground runways. The vegetable
baits should be cut in pieces about 1 inch long and one-half inch
square. The poison preparation recommended consists of powdered
strychnine alkaloid and an equal quantity of baking soda, the two
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ingredients being thoroughly stirred to insure a uniform distribution
of the poison. In using it, one-fourth ounce of the mixture is suißcient for treating 3 quarts of freshly cut bait. A pepper box can be
employed in sifting the poison over the bait. Good results may often
be obtained by using oats poisoned as for ground squirrels, a tablespoonful being placed in the pocket-gopher runway in the same
manner as the vegetable baits. One ounce of powdered strychnine
alkaloid dusted over 10 pounds of fresh green clover or alfalfa leaves
is effective against some species, a quantity equal to 2 or 3 dozen
leaves being used for each bait.
The runways, which are usually 4 to 8 inches beneath the surface,
can be located by means of a probe made of a strong handle an inch
in diameter and 30 inches long. One end should be bluntly pointed.
Into the other should be fitted a piece of 14-inch iron rod, protruding
about 15 inches, and bluntly pointed. A foot rest aids in probing in
hard soils. By forcing down the iron rod near gopher workings or a
foot or two back of fresh mounds, the open tunnel can be felt as the
point breaks into it. The blunt end of the instrument is then used
carefully to enlarge the hole so that the bait may be dropped into the
main runway, not in the laterals, and the probe hole closed. A shovel
or trowel may be used to open the runway, but care must be exercised
not to disturb it unduly or cover up the bait when closing the hole.
One soon becomes expert in locating the runs and can treat 300
to 500 pocket-gopher workings in a day. Baits need be placed at
only two points in each separate system of 10 to 30 mounds, which
is usually the home of a single pocket gopher. Some trapping may
be required to kill animals that refuse to eat the poison.
Pine mice,—Pine mice which are small, reddish colored, shorttailed, burrowing forms, gnaw the bark from the roots and cut off
smaller rootlets, thus reducing the bearing capacity and killing
great numbers of trees. They kill young trees in nurseries, but their
attacks are riot limited to these, as great numbers of trees in full
bearing, even those 40 years old, are killed by the attacks of these
animals. (Fig, 288.) They are also fond of practically all tuber and
root crops, such as potatoes, sweet potatoes, beets, carrots, and turnips, while numerous bulbs are also destroyed by them. They
usually start their attack upon tree roots early in the fall, but
under somewhat unusual conditions may do this even during the
summer. Usually, the principal damage occurs after inclement
weather and snowfall when they find it more difficult to obtain
their natural food of grass roots and the bulbs of various wild
plants.
Control measures,—For these mice, mechanical protectors placed
above ground are of no value, for only by destroying the mice can
protection be obtained. Placing poisoned baits in orchards should
be a regular part of their care, especially during times of drought
and in the fall. Poisoned grain should be distributed in containers
so constructed of wood, glass, tile, or metal as to protect the grain
from storms and. moisture, but permit mice to enter and feed readily.
(Figs. 289 and 290.)
For this purpose mix together, dry, one-eighth ounce each of
powdered strychnine alkaloid and baking soda. Sift the strychninesoda mixture over 1 quart of rolled oats, stirring constantly to insure
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even distribution of the poison through the grain. Thoroughly warm
the poisoned rolled oats in an oven and sprinkle over them 6 tablespoonfuls of a mixture of 3 parts of melted beef fat and 1 part of
melted paraffin, mixing until the oats are evenly coated. When the
grain is cool it is ready for use.
For larger quantities use (in the proportion) 1 ounce of strychnine, 1 ounce of soda, 8 quarts of rolled oats, I14 pints of the beeffat-parafBn mixture. Teaspoonful quantities of the poisoned rolled
oats should be placed in the small containers or stations and distributed nea,r the base of the trees to be protected or over the infested
areas. Teaspoonful quantities may also be scattered along runways
and within the entrance of the burrows. The starch-strychnine paste

Vu;. 2SR.—TTsuiil tvpf of pino-mouse iuiurv to large ifuit trees. The soil has been
r('ri)()\(Ml betöre pholoyrnphjui; in older to show the otherwise hidden injury by
lliib muu^e

described for ground squirrel control may also be used to advantage
by applying this to 12 quarts of wheat or 20 quarts of whole oats
or steamed crushed oats, mixing thoroughly, so that each kernel is
coated.
- .
:
An effective vegetable bait may be prepared by cutting sweet
potatoes into 1/^-inch fcubes and treating them with the same poison
mixture and used at the same rate as described for the control of
pocket gophers (p. 588). Use the bait while it is fresh by dropping
one or two pieces into mouse tunnels through natural or artificial
openings. It may also be scattered at the base of trees or in other
places frequented by mice.
Meadow mdce.—Meadow mice of several kinds occur. They are
found usually in surface runways and nests. Mechanical devices
made of fine-mesh wire netting, wooden veneer, and other wrap-
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pings and washes are often employed with good effect to protect
trees. Elimination of cultural practices favorable to the increase
of mice by affording them food and shelter and the regular use of

lno. 280.—Simple wooden poison station for field mice, made of 1-incli material, the
top 8 inches.and the bottom 6 Inches square, and the side strips 1% inches high.
An imj)ortant feature of this station is the one-half inch depression or groove to
hold the poisoned bait, shown (darker) in the floor

poisoned baits as described for pine mice are the most satisfactory
methods of preventing damage by these rodent pests.
Rabhits.—The various kinds of rabbits are usually controlled by
shooting, trapping, poisoning, and drives. The traps mainly em-

FiG. 290.—Poison stations made (A) of glass and (B) of tile. Others may be made by
utilizing wide-mouthed glass bottles, glass Jars, or tin cans, although wooden stations
seem to be entered more freely

ployed for cottontails are the old-fashioned box traps, such as those
set with a figure-4 trigger, with cord attached to hold up the box
lid. A number of modifications of this trap have been made and a
considerable number of other traps have been designed for this pur-

,
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pose. Eabbit-proof fences made of a netting of galvanized wire of
iy2-inch nicsli and about 3 feet liigli are probably the most effective
means of excluding these animals from nurseries, orchards, truck
farms, and vegetable gardens.
INIechanical protectors placed about the trunks of the trees in orchards often afford a considerable measure of protection, but snows
may cover these, permitting the rabbits to feed on the trunks and
limbs above. For cottontails, poultry netting of 1-inch mesh and 18
inches wide is used. The wire is cut in about 1-foot lengths, rolled
into cylindrical shajDe about the trunk of the tree and fastened by
bending over projecting ends of the wire where they interlock. (Fig.
291.) \'eneer and other wooden ])roteclors are found useful, as well

PIG.

291.—Wire aereen of 14-incIi mesh for protection from mice and rabbits, showing
also method of clearing shelter away from trees

as heav}^ building paper, gunny-sack, or other cloth wrappings used
to make a .sheath about the base of the tree of sufficient height to
¡prevent rabbits fi-om gnawing the bark. For jack rabbits and in
regions of heavy snow fall, aheight greater than 18 inches for the
mechanical jDrotector is required.
Protective washes are often dangerous to young trees and many
of them are not sufficiently permanent to afford protection for an
entire winter, thus necessitating further applications. One of the
]nost satisfactory mixtures consists of 1 part of creosote oil to 2 or 3
parts of coal tar. This may be ap])lied to the trunk of the tree by
means of a brush. It is injiu-ious to tlie soft bark of seedlings up
to about 2 years of age and may also injure larger trees if allowed
to extend below the ground surface. Undiluted lime-sulphur solu-
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tion is useful, but it is effective only a short time and must be renewed several times during an average winter. Addition of a pound
of glue to a gallon of the concentrated lime-sulphur adds somewhat
to its durability.
Control measures,—The following poison preparations have
proved effective in destroying rabbits :
Poisoned alfalfa leaves: Dissolve 1 ounce of strychnine sulphate
in 2 gallons of hot water and sprinkle over 10 pounds of alfalfa hay
leaves, mixing the leaves thoroughly until all moisture is absorbed.
The poisoned leaves should be distributed in small handfuls in lines
a few feet apart across portions of fields where observations made
at night show the rabbits to be feeding. Poisoned alfalfa should be
distributed only in places from which stock is excluded. Such
places should be baited with a small quantity of clean alfalfa hay a
few nights previous to poisoning in order to get the rabbits accustomed to feeding there. In localities where alfalfa is not raised,
rye, wheat, barley, and emmer heads or sheaves of the grain may be
substituted. (CAUTION.—Great care must be exercised in using
these materials as they are likely to be eaten by livestock.)
Poisoned oats: Mix 1 tablespoonful of starch in one-half cupful
of cold water and stir into 1 pint of boiling water to make a thin,
clear paste. Mix 1 ounce of powdered strychnine with 1 ounce of
powdered bicarbonate of soda (baking soda), and stir with the
starch to a smooth, creamy mass. Stir in 1 teacupful of table salt.
Apply to 12 quarts of good, clean oats and mix thoroughly to coat
each kernel. Distribute as in directions for use of poisoned alfalfa
leaves, using a large tablespoonful at each place. Each quart should
make 25 to 30 doses. A clear, cold night, when snow is on the
ground and the natural food supply of the rabbits is scarce, is the
best time to expose this poison.
Poisoned salt : When rabbits are feeding chiefly on succulent green
crops such as growing grain or alfalfa, there is considerable craving
for salt and good results may be obtained by a mixture in proportion
of 1 ounce of strychnine alkaloid to 16 ounces of fine salt. Teaspoonful baits may be placed on clean, hard surface, in jar lids spiked
to the ground, or in pieces of 2 by 4 joist in which 1-inch auger holes
have been bored for a short distance. Care should be exercised in the
use of poisoned salt to prevent domestic animals from having access
to it- Rabbits may also be poisoned by inserting crystals of strychnine in pieces of apple or melon rind and placing these baits at
intervals along their runs or paths.
Where fruit trees have suffered root or trunk injury as by rabbits
or pine mice, bridge grafting ^^ or the use of nurse trees planted at
the side of the injured tree and grafted into it by inarching above
the injured area will usually enable the tree to recover (figs. 292 and
293.)
Ground squirrels»—The various species of ground squirrels may be
most readily controlled by the use of poisons and fumigants. For
poisoning, dissolve 1 heaping tablespoonful of dry gloss starch in a
little cold water and add three-fourths of a pint of hot water; boil
and stir constantly until a thin, clear paste is formed. Mix together
1 ounce each of powdered strychnine alkaloid and baking soda, sift
2* Bridge grafting is fully described in Farmers' Bulletin No. 1369.

594

Tenrhooh of the Department of AyricuJture, 1925

into the hot staix'h paste and stir constantly to a sniootli, ci'camy consistency. Add one-fourth pint of corn sirup, 1 teaspoont'ul of glycerine and one-tenth oinice of saccharine, stirring thoroughly. Ponr
this mixture over 10 to 20 quarts of
oats, barley, oatmeal, or steamed rolled
oats, and mix until tlie poison is evenly
distributed through the grain. Other
grains maj' be used instead of those
suggested, where available and the
animals show a ]M'efei'cnt'e for them.

202.- All applo tree two or ihru;
years after it was bridge grafted a.s!i
means of saving it following rabbit

FIO,

í?ird)íníí

In poisoning (Columbian ground
s(piirrels and other sjx'cies which
hull the grain very skillfully in
iA?a¿SiAí
eating, 3 tablespoons of flour made Yu;. 2!il. .'V KiiMled apple tree with small
into a creamy jjaste by adding a
seedling or nursery trees planted at its base,
an<l the tops grafted by inarching to the
little cold water and stirring thoitrunk of the tree above the girdled area.
The view shows the grafting completed exoughly may be used in ])lace of the
cept applying wax thoroughly to all cut surstarch ])aste. About 1 teaspoonfaces that are exposed to the air. The tops
of
I hcsmall trees above the points of contact
ful of this ])reparation should be
with the trunk of the girdled tree arc left
until after the parts have grown togciher,
put in a place, either on hard ground
when they are cut oii-close to and immedinear their burrows or along their
ately above the union
runways. These poison pi-eparatioiis are also eifective against cotttm rats and kangaroo rats in the
Soutli.
Carbon disuiphide may be used a -, a fumigant to destroy the
animals in their bui'i-ows. About 1\ 4 tables]K)onfuls of this nia-
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terial should be poured on a small piece of cotton waste, shoddywool, or other cheap absorbent material and placed well down into
the burrow. The mouth of the burrow should be immediately
closed with a shovelful of earth or sod, thus asphyxiating the occupants of the burrow. Every burrow showing evidence of being
used should be treated with an application. About 1 gallon will
be required for 200 holes. Crude calcium cyanide, used in the form
of dust or flakes, is effective in fumigating burrows of certain
ground squirrels, such as the Columbian. An ounce of the dust may
be blown into the burrow by the use of a portable blower. The
same quantity of the flakes may be placed down in the mouth of the
burrow by the use of a long handled spoon. With this method it is
usually not necessary to close the holes.
Woodchucks or ground hogs.—^Woodchucks, or ground hogs, may
be destroyed most readily in the Eastern States by fumigating their
burrows with carbon disulphide or crude calcium cyanide. About
iy2 ounces (3 tablespoonfuls) of carbon disulphide should be poured
on a piece of cotton or other absorbent material and placed as far
down into the burrow as possible, after which the entrance should
be tightly closed with sod or damp earth. In using calcium cyanide
flakes, place 1 tablespoonful well down into the mouth of the burrow, after which it may be closed or left open. Either procedure is
very effective, but an occasional animal may escape the first fumigation and, if the holes are closed when treated, those reopened will
indicate the ones that should be retreated.
In many sections of the West fumigation is not practicable owing
to the character of the places in which woodchucks live. Under
these circumstances the animals may be controlled most readily by
the use of poison prepared and distributed in the following ways:
Poisoned grain: Mix 1 tablespoonful of gloss starch in one-half
teacupful of cold water and stir into one-half pint of boiling water
to make a thin, clear paste. Mix together 1 ounce each of powdered
strychnine alkaloid and baking soda and stir with the starch into
a creamy mass, beating until the mixture is free of lumps. Add
one-fourth pint of heavy corn sirup, 1 tablespoonful of glycerin, and
1 teaspooniul of saccharine dissolved in a little warm water. Beat
the starch mass again and then pour it over 12 quarts of oats in a
tub or tight box, mixing thoroughly or until there are no dry kernels.
Four tablespoonfuls of salt added to the boiling water before making the starch will increase the effectiveness of the poison during
the crop-growing season. Only good, heavy, recleaned oats should
be used for this bait. In distributing the poisoned grain, place a
handful in a place, on a clean, hard surface close to the den or burrow. These marmots pay no attention to scattered grain.
Poisoned green alfalfa: A very satisfactory bait can be made by
the use of green alfalfa. Mix dry, 1 ounce powdered strychnine
alkaloid with one-eighth ounce of powdered saccharine and place in
a pepper box, properly labeled. Dust this mixture over about 20
pounds of freshly cut alfalfa tops which have first been moistened
with a solution made of 2 parts corn sirup and 1 part water. Place
the baits (a handful to a place) near burrows, trails, and lookout
points.
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Poisoned salt : Mix 1 ounce of strychnine alkaloid with 12 ounces
of table salt. Place salt on clean, hard surfaces, a teaspoonful to
a bait, or in jar lids spiked to the ground. The bait is best exposed
in fields where ground hogs are feeding.
CALTION: Care must be taken to place all of these baits out of the
reach of livestock.
Poríjupines,—Porcupines may be most readily controlled by shooting individual animals that are found doing damage. They may
also be trapped readily by using steel traps baited with bits of meat,
fruit, vegetables, or other material of which they are known to be
fond.
Mountœin heavers are also controlled readily by trapping and
poisoning. No. 1 steel traps should be baited with apple and be
set well down the hole or burrow. In poisoning, sliced apples or
apple peelings dusted lightly with powdered strychnine alkaloid
are placed at the entrance of holes or along runways.
House rats and mice.—Means for the control of house rats and
mice consist of the use of traps, poisons, fumigants, deterrents, and
rat-proof construction and repair of buildings so as to exclude them.
Many effective traps are on the market, but those commonly known
as " snap " or " guillotine " traps have proved most generally"adapted
for use against rats and mice. Traps should be baited with attractive food, such as bread, fried bacon, raw or cooked meats, fish, nut
meats, cheese, apples, or carrots. Sprinkling rolled oats over and
about the trap adds to its effectiveness. Traps should be set along
runways and at points where the animals seek concealment and in
such a way that they are likely to run over the trigger of the trap
even when not attracted by the bait. Many artifices in concealing
traps may be adopted, and intelligence and persistency are required
to outwit these animals. Be sure to use sufficient traps.
Where it is practicable to employ poisons, the use of barium carbonate in the following way is recommended. Select a bait from
each of the following three classes and mix powdered barium carbonate with it in the proportion of one part (by weight) of poison
to four parts of.bait (adding water when necessary to make baits
moist) : (1) Meat, such as hamburg steak, sausage, canned salmon,
sardines, etc.; (2) fruits or vegetables, apple, tomato, melon, etc.;
(3) cereals, bread, rolled oats, etc.
Wrap teaspoonful quantities of the three kinds of poisoned baits
separately in small paper bags or in small squares of newspaper and
put one of each kind in places where rats are apt to feed. Remove
and destroy uneaten baits each morning and put out fresh ones in
the evening. Continue this until all rats are gone. Other foods
should be removed or made inaccessible to rats before poisoned baits
are distributed.
Where rats occur in burrows, as around garbage dumps and similar
places where fumigation is practicable, they may be destroyed in
large numbers by the use of carbon disulphide or calcium cyanide
applied as in the case of woodchuck burrows, or the calcium cyanide
dust may be forced into their burrows by means of a dust blower.
A reaäy means of destroying rats in burrows is to direct the exhaust gas from an automobile or other gas engine into the burrows
by means of a hose. The opening should be filled in around the hose
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with moist earth and the engine operated at moderate speed for 10
minutes or more. In houses or other places where the odor will not
prove objectionable the use of flake naphthalene scattered about liberally has a tendency to prevent infestation with rats and mice.
Among the most important measures in obtaining relief from these
animals is the employment of means to exclude them from buildings
and from food or other supplies likely to be damaged by them.
Fine-meshed wire netting may often be employed to encase storage
places. By means of tight-fitting doors and the use of cement,
metal strips, and wire netting at points where these animals may
gnaw through or otherwise gain access to a building, their entrance
can be prevented at very moderate cost.^^
Predatory Animals
A certain amount of interest attaches to the various species of
predatory animals in connection with fruit and vegetable production. Species such as coyotes and foxes frequently do excessive
damage by feeding upon grapes, muskmelons, and other succulent
products. Skunks, though usually beneficial, at times feed upon
fruits, especially berries.
It has been very generally believed that considerable reliance could
be placed upon predacious species such as coyotes and foxes to
prevent damage by injurious rodents. It is well-known that they
feed to a considerable extent upon mijce, ground squirrels, and rabbits, thus exerting a repressive influence. It is a mistake, however,
to place reliance upon these animals as a means of protection against
rodents. If they are feeding chiefly upon rodents, this very fact
implies the occurrence of rodents in dangerously destructive numbers,
which makes it necessary to resort to positive measures such as the
use of poisons or traps in order to prevent them from doing excessive
damage while the predacious animals are feeding upon a relatively
small proportion of those present.
Where predatory animals are found to be doing damage, they may
be most readily disposed of by the use of traps and poison. Steel
traps of suitable size and design are usually preferred. For small
animals such as skunks. No. 1 or No. 2 traps are satisfactory, while
No. 3 traps should be used for animals the size of the fox or coyote.
Traps are usually fastened securely by a chain to a wooden or iron
stake driven into the ground or the chain is equipped with drag
hooks. They are usually set along trails, runways, or other places
known to be frequented by the animals sought.
Traps should be concealed with a light coat of dirt, care being
taken to cover and support the pan so that its action will not be
interfered with and to see that there is nothing to prevent prompt
action of the spring and jaws of the trap. After completing the
set, the ground should be brushed very lightly so that the place
will have a natural, undisturbed appearance. Care must be exercised not to leave anything about that will arouse the suspicion
of the animals and cause them to avoid the place.
Baits consisting of small animals or other attractive foods are
often employed, but scent baits are usually more effective. A scent
25 See Farmers' BuUetin No. 1302, « How to Get Eid of Rats."
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bait that is attractive to many animals is made of fish, the oily
varieties such as sturgeon, eel, trout, sucker, and carp being preferred. The flesh should be p*ound in a sausage mill, placed in a
strong tin or iron can, and left in a warm place to decompose thoroughly. The can must be provided with a small vent to allow
escape of gas, otherwise there is danger of explosion. The vent
must be screened with a fold of cloth to prevent flies from depositing eggs. This scent may be used within three days after being
prepared, but is better after standing about 30 days. Addition of
new material from time to time serves to improve the mixture.
For poisoning predatory animals, strychnine is generally preferred. It may be used in capsules, in the form of tablets, or in the
granular or paste forms prepared by the Bureau of Biological
Survey. About 1^2 grains of strychnine are used for animals the
size of a coyote, the quantity being correspondingly smaller for
smaller animals. Pork fat, beef suet, and fat from horses and
sheep make attractive baits. Lean and dried meats may also be
used. These may be ground and molded into pellets or cut into
chunks small enough to be swallowed without chewing. The poison
should be placed in the bait, either by making a pit in the side or
by splitting open sandwich fashion. After putting the poison in
place, the opening should be closed securely with scrapings of fat.
The baits should be carefully distributed about " feeding stations,"
consisting of small carcasses or places known to be frequented by
the animals sought. Special trails may be made by dragging a
piece of carcass, fresh meat, or similar substance along the ground,
the bait being dropped along the trail as made. Utmost care must
be exercised in distributing these poisoned baits to avoid killing
dogs or other domesticated animals or the unintentional destruction
of valuable fur bearers. Baits not taken by the animals should be
gathered up and destroyed.
Other Animals
Moles, which are small, soft-furred animals with long slender
snout and front feet conspicuously flattened as digging tools, frequently invade gardens, truck farms, and lawns, doing extensive
damage by lifting up the soil as they excavate their runways and
burrow about in search of food. Their food consists principally of
earthworms and insects but they may also eat softened and sprouting seeds, such as peas and corn. Gnawing vegetables, roots, and
bulbs by mice or other rodents is often wrongly attributed to moles.
Trapping moles with traps specially designed for this purpose is
the most reliable way known to prevent damage by them.
Land crabs and crawfish do extensive damage by cutting off
young plants, especially tomatoes. Fumigation of their burrows
with carbon disulphide is the most practical way to destroy them.
Ten drops of carbon disulphide should be placed well down the
opening, which is then closed by a sharp pressure with the heel or
use of a small piece of sod where the soil is hard. A small-mouthed
can or bottle may be used to carry the liquid, which is applied with
a medicine dropper, a glass syringe, or a long-nozzled oil can.
Where the oil can is used the nozzle should be flattened so that the
liquid will dro|) slowly. When carefully applied, a gallon of car-

Diseases and Pests of Fruits and Vegetables

599

bon disulphide will treat about 5,000 .holes. As carbon disulphide is
highly inflammable and explosive, due care should be exercised in
using it to keep fire away.
The gopher turtle, Florida gopher, or salamander occurs over a
wide range in the Southern States, but is most common on sandy
ridges in central Florida, and often does considerable damage to
crops such as beans, peanuts, and sweet potatoes. Pit traps have
been employed in efforts to destroy them, but this method is slow
and laborious. Recent investigations indicate that these animals
also may be destroyed in their burrows by introducing from 2 to 3
ounces of carbon disulphide well down the burrow, which is then
tightly plugged about 18 inches below the surface.
Certain reptiles and amphibians deserve notice as enemies of
garden and fruit insects. These animals are not directly injurious
to orchards and gardens, and in most cases all will be found to have
a useful relation to the fruits and vegetables. Some of the snakes are
the most relentless foes of those meadow and other mice which are
serious enemies of trees. Other snakes, lizards, frogs, and toads
include considerable proportions of insects in their diet and daily
prove themselves friends of man. The common toad, especially, is
a voracious feeder on garden insects, and has a splendid record
against such pests as the potato beetle, cucumber beetle, flea beetle,
squash bug, and others. Toads are so appreciated that they are
sometimes introduced and confined in gardens to obtain the advantage of their destruction of insect pests.

