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PREFACE

Srupents of Plant Disease are naturally divided into
two categories. First: those who wish to recognize and
treat diseases, without the burden of long study as to their
causes; second: those who desire to study the etiology of
diseases, and to become familiar with the parasites which
are often their cause.

The present book is designed to meet the needs of the
first of these two classes of readers. It indicates the chief
prominent characters of the most destructive plant diseases
of the United States, caused by bacteria or fungi, in such
a way that in most cases reliable diagnoses may be made,
though it must be recognized that in some cases certainty
cannot be had without recourse to microscopic details. In-
formation is given regarding the best methods of prevention
or cure for these diseases.

In this volume only such characters are used as appear
to the naked eye or through the aid of a hand lens, and all
technical discussion is avoided in so far as is possible. No
consideration is given to the causal organism except as it
is conspicuous enough to be of service in diagnosis, or
exhibits peculiarities, knowledge of which may be of use in
prophylaxis.

While, in the main, nonparasitic diseases are not dis-

cussed, a few of the most conspicuous of this class are
v



vi PREFACE

briefly mentioned, as are also diseases caused by the most
common parasitic flowering plants.

In selecting common names for diseases the authors have
chosen those that are most widely used or generally known.
In default of any generally accepted name or in cases where
the name now in use is ambiguous, as when the same name
is applied to more than one distinct disease, they have fol-
lowed the plan of giving to the disease a name made by
joining to the name of the genus of the causal fungus, with
or without elision of the last syllable, as euphony may dic-
tate, the termination “ose,” signifying “full of.” They
have also employed this more accurate mode of designation
in the text in all cases where it seemed desirable to do so.

F. L. STEVEXNS.

J. G. HALL.
Raveien, N.C.,

July, 1910.
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DISEASES OF ECONOMIC
PLANTS

INTRODUCTORY

Subdivisions of Plant Pathology

Praxt Diseases may be considered under five heads: —

1. Those caused by cryptogamic parasites, fungi, bac-
teria, and slime molds.

2. Those caused by parasitic flowering plants.

3. Those caused by animal parasites, insects, worms, ete.

4. Those due to adverse inanimate environmental con-
ditions, light, water, soil, nutriment, etec.

5. Physiological diseases due to other internal derange-
ment.

Under the last head are grouped many diseases which
undoubtedly will fall under one of the other groups when
our knowledge concerning them is more nearly perfect.

Owing to the entirely different nature of the causes of
the diseases classed under these groups, their study falls
to the lot of separate specialists: the first group to the
mycologist and bacteriologist; the second to the botanist;
the third to the entomologist and zobdlogist; the fourth to
a large extent comes within the scope of the agronomist;
and the last is in the domain of the physiological botanist.

B 1
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INTRODUCTORY

Scope of this Book

This book treats primarily of the diseases of the first
group only, with mention of a few of the most important
diseases of the second, fourth, and fifth groups. A very
brief statement regarding the naturve of bacteria and fungi
and the most fundamental facts of plant physiology are
given in the Appendix.



HISTORICAL

A science of Plant Disease was an impossibility until
knowledge existed concerning the nature of the parasitic
organisms, the fungi and bacteria. The science of Plant
Diseases or of Phytopathology was in its early formative
period between 1853 and 1870, the very foundations being
laid in the pioneer work of Berkeley and De Bary in es-
tablishing the parasitism of the fungi, and in Pasteur’s
fundamental work on Bacteria and Spontaneous Genera-
tion.

To be sure some of the most conspicuous diseases had
long been known by sight. Blight and mildew were re-
ferred to in both the Old and the New Testament. Wheat
rust was mentioned by Aristotle 350 B.c. and reference
to mildew is found in Kvng Lear, Act III, Sc. 4. There
was even legislation regarding wheat rust as early as 1760.
Yet there was little or no real knowledge of plant diseases
in those times, beyond the fact that diseases.existed.

Following the pioneer publications of Berkeley and De
Bary came the more complete treatises of Frank (1880,
1895), Sorauer (1874, 1886, 1906); Kirchner (1890), Tubeuf
(1894), and others.

It was not .until 1873 that plant pathology became a
part of instruction in botany, and not until 1875 that
special courses in pathology were given in-any of the schools
of America.

A series of papers begun by Burrill in 1873, another by

3






HISTORICAL 5

Farlow in 1875, and other publications by Bessey, con-
tributed to the knowledge of plant disease and served
especially to awaken interest in the problems and to attract
students to this field of research.

In 1879 Burrill, working upon the blight of the pear and
apple, was the first to attribute a plant disease to bacterial
origin. His work was confirmed and his conclusions more
fully established by Arthur.

During the seventies from two or three workers in this
field the number rapidly grew, augmented especially by
the introduction of plant pathology into the Agricultural
Experiment Stations and the United States Department
of Agriculture in the middle eighties, until the number of
papers published in the United States upon plant pathology
between 1888 and 1900 is estimated at over four thousand.
While only a few dozen American plant diseases had been
even cursorily described prior to 1880, to-day a total of
some 525 diseases, more than 250 of them serious, have
been carefully investigated.

Historical concerning plant disease prevention.—
Though little could be done to devise rational methods
of combating plant diseases until their causes were
known, a very few rule-of-thumb, empirical ways of meet-
ing them had been suggested in very early days. As
might be expected many of the methods used were value-
less. Thus Parkinson early in the seventeenth century
advocated the use of vinegar to prevent canker on trees,
and Forsyth in 1790 gave the following directions for mak-
ing a mixture to ¢ cure disease, defects, and injuries of
plants.”! “Take one bushel fresh cow dung, one half

1 Lodeman, E. G., “The Spraying of Plants,” p. 6.
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bushel lime rubbish from old buildings, one half “bushel
wood ashes, one sixteenth bushel pit or river sand. The
last three are to be sifted fine before they are mixed.
Then work them well together with a spade, and afterward
with a wooden beater until the stuff is very smooth, like
fine plaster used for the ceilings of rooms.” Soapsuds or
urine was used to make the composition of the con-
sistency of plaster or paint. After being applied it was
covered with a sifting of powder made of ““ dry powder of
wood ashes, mixed with the sixth part of the same quan-
tity of the ashes of burnt bones.”

Among the early chaff, however, there were some grains
of wheat. Thus Robertson in 1821 said: ‘ Sulphur is
the only specific remedy that can be named for the
treatment of mildew on peaches. It should be mixed
with soapsuds and then applied by dashing it. violently
against the trees by means of a rose syringe;”” thus ad-
vocating a remedy which, modified, is still prominent for
this class of diseases.

The aggressiveness of several plant diseases in Europe
between 1878 and 1882, particularly the downy mildew
upon the grape, which, about 1878, had invaded Europe
from America, stimulated a search in the former country
for effective spraying mixtures. Trials of many chemicals
were made, but it was left to accident to suggest and to
the genius of Millardet, of Bordeaux, France, to perfect
the happy combination of lime and bluestone that we
now know as the Bordeaux mixture. It was customary
in certain vineyards to sprinkle a few rows of grapevines
near the road with a mixture of milk of lime and bluestone
to give them a poisonous appearance to ward off-depreda-
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tion of the hungry passer-by. The vines so treated in
1882 were noted by Prillieux and Millardet to be less
injured by the mildew than were other vines, and they

Fic. 1.— Millardet, father of the Bordeaux mixture.

ascribed the beneficial effect to its proper cause, the lime-
bluestone mixture.

While several investigators were engaged simultaneously
in experimenting with these chemicals upon the mildew,
it was Millardet who first planned and executed experi-
ments and published results which demonstrated the com-
mercial value of the lime-bluestone treatment..

The first systematic applications of copper, and of copper
with lime as a disease preventive, were made under the
direction of Millardet, August 18, 1883. In 1884 the work
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was repeated, and in 1885 Millardet published the first
directions for preparing

BorpEAUX MIXTURE

Water . . . . . . 130 liters (34 gallons)
Bluestone . . . . . 8 kilograms (17.6 pounds)

Lime . . . . . . 15 kilograms (33 pounds)

This mixture was to be shaken upon ‘the plants with a
broom.

Following this demonstration came the introduction of
an era, not yet at an end, of active experimentation with
fungicides, wet and dry, which has already yielded results
of incalculable value.

In 1885 also appeared for the first time the Ammoniacal
Copper Carbonate proposed by Professor Audoynaud of
the Montpelier Agricultural School.

Saunders, in the Canadian Horticulturist in 1884, sug-
gested the use of several liquid spraying mixtures for apple
scab, but little, if any, liquid spraying for plant diseases
was done in America prior to 1885.

In 1885, from Section of Mycology, Division of Botany,
United States Department of Agriculture, appeared an
article by Lamson-Scribner, giving directions for making
“ the copper mixture of Gironde,” the primitive Bordeaux
mixture. In 1886 the spraying campaign may be said
to have been well started in this country.

The disinfection of seeds by bluestone was practiced
first with the cereals as early as 1807 by Prévost of France,
and improved by Dreisch in 1873, by the addition of a
limewater bath to follow the bluestone. In 1887 Jensen
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of Denmark improved upon these methods by develop-
ing his hot-water treatment, which has since proved of
e great value, not so much for its
' primary use, in which it has been
. superseded by formalin, but ow-
_ing to its applicability to those
. loose smuts which cannot be suc-
cessfully treated by surface disin-
| fection. Similar seed treatments
| have been extended to the potato
I by Bolley, and to cabbage by
I Harding.!

The production, by breeding, of
' new and disease-resistant varieties
¢ is one of the latest and most prom-
ising methods of combating plant
diseases. Grapes resistant to Phyl-
loxera were produced by Mil-
Lo lardet ; others resistant to coulure
Fic. 2.—An improved brush by Pierce; cotton, cowpeas, and
for Jsuributing Bordeawx o termelons resistant to wilt by

Orton.

No small part in the progress that has been made in the
prevention of plant disease is due to the improvement of
appliances, dusters, pumps, nozzles, etc., for distributing
the disinfectants upon the plants. This progress is well
illustrated by comparing the broom of Millardet with the
knapsack, barrel, or power sprayer of to-day.

! Harding, H. A., and others, N. Y. (Geneva) Agr. Exp. Sta. Rpt. 23,
pp. 62-78.
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ImporTANT IEVENTS IN PLANT DiseEaseE HISTORY

Ancient. Recognition of the existence of plant diseases in early
Biblical times.

1683 The discovery of bacteria. Loewenhoek.

1807 The efficiency of copper against smut spores discussed.
Prévost.

1821 The use of sulphur as a fungicide recommended. Robertson.

1845 The use of boiled sulphur and lime for mildew advocated.

1846 The studies of Rev. M. J. Berkeley.

1853 The beginning of the “ Morphology and Physiology of the
Fungi” and the proof of parasitism of fungi. De
Bary.

1861 The publication of the first American paper on plant pa-
thology. Engelmann.

1860-1864 The founding of bacteriology. Pasteur.

1864 The proof of alternation of hosts, hetercecism. De Bary,

1869 The first university publication in America regarding plant
pathology. University of Illinois.

1873 Plant pathology taught incidentally with botany in Amer-
ica. Burrill.

1875 Plant pathology first taught as a special subject in America.
Farlow.

1879-1880 Proof of bacterial disease in plants. Burrill.

1880 The discovery of the cyclone principle in nozzles. Barnard.

1882 The beginning of “Sylloge Fungorum.” Saccardo.

1884 Systematic introduction of plant pathology into American
Agricultural Experiment Station work. Arthur.

1885 The announcement of the Bordeaux mixture. Millardet.

1885 Organization of a Section of Mycology in the Division
of Botany, United States Department of Agriculture.
Lamson-Scribner.

1887 The hot-water treatment for smut. Jensen.

1888 The introduction of formalin as a disinfectant. Trillat.
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1888 Organization of the State Agricultural Experiment Stations.
1890 The beginning of pump improvement for spraying.
1906 The passage of the Adams Act.

DAMAGE CAUSED BY PLANT DISEASES

The crop grower, in his ignorance of what plant diseases
are, often suffers much damage from them, entirely uncon-
scious of the fact that his crop is affected by disease. Or,
if the presence of disease is recognized, the amount of
damage is often underestimated. Thus oat smut to the
extent of 15 or even 40 per cent is sometimes entirely over-
looked by an otherwise observant man.

An attitude of willful disbelief in the prevalence of a
disease is often couched in such terms as these: “I don’t
see why I must work to protect my apples from rot. My
grandfather used to raise fine apples without any attention
to these things.”

It must be recognized that plant diseases are with us;
that they are increasing by importation from other coun-
tries or other states; that diseases formerly insignificant
are, in many instances, becoming serious ; that long, inten-
sive culture of one crop in a locality permits new diseases
to develop. Diseases have many means of dispersal: on
seed, hay, or other produce shipped by mail, express, or
freight; on animals; by wind; by water; by birds. Dis-
eases will continue to spread and to increase in destructive-
ness until the individual and the general public are aroused
to such active appreciation that conditions of plant sani-
tation and plant protection become much more general
and effective than they now are.
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Aside from diminishing the value of the produce and
the thrift and future productiveness of perennials, as
trees, vines, etc., plant diseases entail depreciation in the
value of land, and in some cases even occasion large loss
of life. Thus the famous famine in Ireland in 1845 is
directly traceable to the injury done to the potato crop
by the potato blight. The presence of ergot in grain
used as food for cattle or man may result in disease and
death.

The presence in land of the causal germ of the melon,
cowpea, cotton or tobacco wilts, of onion smut, cabbage
club root or black rot, or of any one of many other soil-
borne diseases precludes the possibility of successful culture
of the susceptible plant for a long period of years, perhaps
forever, upon the soil in question. Such restriction may
prevent the raising of just the crops that are most profitable
in that particular section, and in some instances depreciation
of 50 per cent or more in the market value of land has resulted
from the invasion of one of these ineradicable soil diseases.
Still more serious is this kind of injury if the crop in ques-
tion is one which requires large money outlay before the
presence of the disease germs is manifest. In the case of
Sumatra tobacco under shade, or lettuce grown under
canvas, the money expended to prepare for the crop may
aggregate from $700 to $1000 or even more per acre the
first year. The capture of such acreage by the lettuce
drop or the tobacco wilt is a far more serious matter than
a plant disease is usually considered to be. Some of the
money losses caused by diseases of a few crops are given
below, merely as illustrative instances. The authority is
named with each estimate.
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The California vine disease in 1892, $10,000,000. Pierce.
Wheat rust in the United States, 1898, $67,000,000. Galloway.
Wheat rust in Illinois, 1885, $1,875,000. Burrill.

Violet, leaf spot in the United States, 1900, $200,000. Dorsett.
Peach leaf curl in the United States, 1900, $2,335,000. Pierce.
Potato late blight in New York, 1904, $10,000,000.  Stewart.
Oat smut in the United States, annual, $6,500,000. Orton.
Wheat loose smut, United States, annual, $3,000,000. Orton.
Wheat bunt in the United States, annual, $11,000,000. Orton.
Potato blight in the United States, annual, $36,000,000- Orton.

SYMPTOMS OF DISEASE

Every part of a plant — root, stem, leaf, flower, fruit,
bark, wood, veins—is subject to disease, and the same
disease may be mani-
fest in many, even
all, of these parts at
once.

Rot is perhaps the most
common symptom
of disease to be
noted in any plant
part. Rot is of
many characters,
— soft, wet, dry,
hard, offensive or
inoffensive of odor.

Fic. 3. — Cowpea leaf spot (amerosporiose). Blight is a symptom

Pycnidia scattered throughout. % 4. Original. often eXhlbltEd

by leaves, roots, stems, flowers, or fruit. It indi-
cates complete death of the part affected, may be
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local or general, and
may or may not be fol-
lowed by rot.

Wilt of stems or leaves is
caused usually by either
a plugging, or other in-
terruption, of the sap-
carrying veins, or- by
some injury to the ab-
sorbing root system.

Spots of leaves, bark, or fruit
may be caused by local
blight, rot of tissue, im-
perfect coloration, or by
local over-development
or. under-development
of color.

Scab in fruit, leaves, or bark
is due to the growth of Fxc.-4.——SoriO :ifgri\;:fl; of asparagus,
the causal parasite upon
or near the surface, or to thickening of the outer layer
or layers of tissue caused by the irritation of a parasite.

Fie. 5.— Hyphae in a leaf spot much enlarged. Redrawn after Garman.
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Mildew upon any plant surface consists of a whitish pow-
dery fungous growth.

Burn is a general term applied to all cases where the leaves
turn red or brown, especially if the edge first shows
the symptom.

Smut consists of a mass of spores, usually black and pow-

Fi1c. 6.— Clustercups of rust enlarged. After Clinton.

dery. It is most common in the ovaries and other
floral parts of the cereals.

Rust should properly be applied only to cases where the
special rust fungi (Uredinales) are present. Rusts
usually show the spores in sori.

Yellowing of leaves, due to diminution in green coloring
matter, is a common symptom of disease.

Chlorosis is a lack of proper green, a whitening of tissues
which should be normally green.

Canker consists of a roughening or splitting of the bark.
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In addition to the somewhat general characters accom-
panying diseases, it is necessary for purposes of diagnosis to
note closely the detail charactérs of each sick part.

In a spot the color of its margin and center; its border,
whether sharp or indefinite; whether the same upon: both
upper and lower surfaces are important items to observe.

In a rot these same _ S—

details, also the texture,
soft or hard, wet or dry,
the odor, and taste are
important.

" In the plant, on a
whole, it is well to note
whether the disease is
local or general, progres-

R

N

sive or stationary, spread-
ing regularly or otherwise.

Certain minute struc-
tures should be looked for
upon rots, spots, cankers,
or other diseased parts. Some of these, which may be
recognized with the naked eye or a good hand lens, are:—

Pycnidia or perithecia. — Small, nearly microscopic,
covered sporiferous pustules on the surface of the diseased
area.

Acervuli. — Structures like pycnidia, but uncovered.

Sori or spore clusters.

Hyphae. — FErect, hair-like, -very nearly microscopic
growths comiﬁg from the diseased area. Their presence
upon a white background may often be recognized by the
dirty ashen color which they lend to the spot.

c

Fi1a. 7.—Sclerotia of lettuce sclerotiniose,
natural size. Original.
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Cluster cup.— The cup-like sorus in which the spring
spores of many rusts are borne.

Sclerotia. — Small, hard bodies variously colored, but
usually black; masses of compact fungous threads.

PREVENTION OR CURE OF PLANT DISEASES

Owing to the comparatively small value of the individual
among plants, cure of a plant already sick is seldom at-
tempted except in the case of plants of exceptional value.
Such value very rarely attaches to annuals or biennials;
hence it is only with perennials, valuable vines, bushes,
or trees, that cure of the individual is attempted, and here
only in a-few special cases.

The burden of the effort of the plant pathologist must
be directed toward methods of prevention, which are here
worth far more than their proverbial ratio.

The science of plant pathology, barely antedating 1880,
is yet young; its founders in America are still alive and are
still vigorous workers. In comparing this youthful science
with its far more aged prototypes, human and veterinary
medicine, one is astonished at the progress already made,
rather than abashed at the multitude of diseases as yet
unconquered.

Among all classes of crops are diseases, single or many,
which have given way to the control of man, many of
them diseases of fearful destructiveness, yet which are
now completely under the subjugation of the intelligent
educated crop producer.

The remedies, with one or two exceptions, are entirely
the result of patient, scholarly investigation, careful de-
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duction, followed by experimenting, testing, and improving.
Such investigation is ever proceeding with increasing
activity, and yearly new or improved methods of combat
are devised, so that the future may with confidence be
relied upon to see the subjugation of many of the foes that
are as yet unconquered.

MEeTHODS OF PREVENTION

All methods of prevention aim at the destruction of

the causal organism, the diminution of its numbers, or the
strengthening of the crop plant so as to withstand its attack.
The various methods employed may, for convenience of
reference, be here summarized as follows:—
- 1. Killing the causal organism as it rests upon the seed.
— Examples: oat or wheat smut, cabbage black rot.
For this purpose the -seeds (sometimes cuttings or even
whole plants are similarly treated) are subjected.to the
action of disinfecting chemicals long enough to kill the
organism causing the disease, but not long enough to kill
the seeds. Chief among such disinfectants are:—

A. Formalin (40 per cent formaldehyde).

B. Corrosive sublimate.

C. Copper sulphate, followed by weak limewater.

D. Formalin gas generated in a gas-tight disinfecting
room.

2. Killing superficial fungi by applications upon the
green parts of the plant. — Exzamples: powdery mildew
upon grape, gooseberry, or rose.. This method is-applicable
only with the purely superficial fungi, since internal pari-
sites cannot.be so reached without injury to the host plant
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itself. It finds prominent application with the powdery
mildews. The chief applications used are:—

A. Liver of sulphur.

B. Bordeaux mixture.

C. Ammoniacal copper carbonate.

D. Flowers of sulphur.

3. Killing superficial fungi hibernating upon the bark
of the dormant plant or plant supports. — Examples: apple
hypochnose, peach curl. For this purpose Cleansing
Sprays, often called dormant sprays, may be used.
Since the parts of the host receiving the spray are highly
resistant to their poisonous action, the sprays thus em-
ployed may he much stronger than could be safely used
when the plant is in foliage. For this purpose use:—

A. Copper sulphate with lime sufficient to color.

B. Lime-sulphur mixtures.

4. The use of protective sprays. — Examples : grape
black rot, apple scab. A protecttve spray is one applied
to the plant upon its bark, foliage, or fruit, to kill any
offensive germs that may fall upon its surface, or to pre-
vent their growth upon or into the plant. Such sprays
are distinguished from the cleansing sprays, which are
not primarily for protection against future invasion, but
rather for the purpose of cleaning off or killing all
spores actually upon the plant. Protective sprays are
usually employed when the plant is in foliage, and there-
fore must be used with due regard to the susceptibility
of the plant to the poison employed. The protective
spray should be applied :—

1. Often enough to replace any previous protective spray
that may have been removed by rain or other means.
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2. To give protection to any new surface of twig, leaf,
or fruit which has developed since the last protective spray
was applied.

The first protective spray should be given as soon as
possible after susceptible surfaces have developed, and
before the attacking organisms are expected to make their
invasion. The time varies of course with each special crop,
with each disease, with the climatic relations and section
of the country. Nor can any absolute rule be laid down
for the application of subsequent protective sprays. Fre-
quency of rain is an important controlling factor. A fungi-
cide, if rained upon just after it is applied and before it has
time to dry, is much more easily washed off than is the
case if it dries well before the rain falls.

New tissue and new surfaces develop every day; there-
fore theoretically to secure complete protection, sprayings
need to be very frequent, much more frequent than is prac-
ticable. To meet the needs occasioned by new growth, pro-
tective sprays are usually given at intervals of from ten to
fourteen days, though special rules must govern special cases.

The chief protective sprays are : —

A. Bordeaux mixture, full strength or weak.

B. Ammoniacal copper carbonate.

This solution possesses the advantage that it does not
spot the fruit and may therefore be used near the period
of maturity, when the Bordeaux mixture, owing to its
spotting effect, would be less desirable.

C. Lime-sulphur mixtures.

5. Excision' of the affected parts.— Exzamples: Ash
white rot. Excision is resorted to chiefly in the case of trees
which from their location or quality possess value suffi-
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cient to warrant the necessary outlay. of labor. It is so
practiced as to remove the diseased wood and sufficient of
the healthy wood to expose an entirely uncontaminated sur-
face. The wounded surface-is then treated with a strong
antiseptic (tar, bluestone, or corrosive sublimate), and if
the wound be deep, it is filled with cement to remedy any
mechanical weakening incident to the operation. _ A

6. Removal and destruction of diseased twigs, leaves,
or fruit. — Ezamples: pear blight, peach rot. The re-
moval and destruction of diseased parts diminishes the
number of bacteria, spores, etc., that are available to spread
the disease and thus lessens infection. Mummified fruit
may be picked from the plant or the ground and destroyed,
or it may be removed by appropriate pasturage by fowls,
swine, etc. Affected leaves in many instances may be
similarly removed. Blighted twigs and cankers may be
cut out at any time when they are seen.

7. Removal, in whole or in part, of complementary hosts.
— Examples : applé rust, wheat rust. Complementary hosts
always serve as multiplying places for the causal parasite,
and in some instances are absolutely essential to its hiberna-
tion. Such complementary hosts should, when practicable,
be removed from the immediate vicinity, and when possible,
not allowed to exist within considerable distance, one eighth
to one half mile, or better still, a greater distance. When
it is not practicable to remove the host, the offending por-
tions may be cut away, e.g. in the case of the apple rust
the cedar balls may be removed from adjacent trees.

8. Avoidance of disease-bearing material or material
favoring disease. — Infection may reach hay through
sick melon vines (melon wilt), or manure through sick plant
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parts (potato scab, cabbage rot, melon wilt, .etc.). Soil
may wash from one field to-another and bear disease with
it (tobacco wilt, melon wilt, ete.).

9. Prevention of wound infection. — Ezamples: heart
rots, sap rots, cankers, fruit rots. Wound infection may
often be avoided by care in handling the plant so as not
to wound it. In trees place ladders carefully, not roughly,
among the limbs; avoid walking on limbs with nailed or
hard boots, etc. Gather all fruit, root crops, etc., carefully
to avoid breaking the skin or bruising the underlying tissue.
In case of removal of large limbs coat the exposed wood
with paint or tar to prevent invasion by parasites.

10. Avoidance of susceptible varieties; selection of resist-
ant varieties. — There is much difference in the suscepti-
bility of different varieties of plants. Study the different
varieties of the crop to be raised, particularly in this regard,
and use those that are most resistant. In case resistant
individuals are observed among sick plants, save their seed
carefully and test the resistance in succeeding years. In
this way new and. resistant varieties may be developed.

11. Avoidance of diseased localities. — This is in many
cases imperative where the soil is invaded by a germ
inimical to-the growth of crops of certain kinds, as in the
case of cabbage black rot, cotton and melon wilt, etc.
Similarly, low damp locations favor diseases of some crops
(potato blight), and the proximity of certain kinds of plants
leads to disease with others (apple rust). All this should
be considered in the selection of land for the crop.

12. The practice of crop rotation. —Constant growth
of the same crop in any locality tends to increase- the
enemies of that crop. Rotation breaks the. continuity
and hinders the multiplication of the parasite.
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PUBLIC PLANT SANITATION

In addition to the means suggested above, which may
be applied by the individual plant producer, much can be
done toward the eradication of these pests by the creation
of a more enlightened public sentiment regarding them.
So long as these diseases are regarded as natural, as inevi-
table, no progress will be made. When it becomes gen-
erally known that they are contagious, that they are pre-
ventable, steps to overcome them will be generally made,
and their increase checked. To create a much-needed,
enlightened, aggressive public opinion is part of the duty
of plant pathology. It may be done in several ways: —

1. By disseminating knowledge concerning the nature
of plant diseases, the damage they do, how to recognize
them, and the means of controlling them. This may be
done through the common rural schools, the high schools,
the agricultural colleges, the farmers’ institutes, and other
educational channels.

2. By instructive articles in the agricultural papers. .

3. By collections of plant diseases displayed so that the
visitor may learn both the appearance and control of the
important ones.

Legislation which shall guard against shipment of any
infectious material should be enacted and enforced. With
all the advances of the past twenty years in the control
of plant diseases we have but barely kept pace with their
increase. Diseases will continue to increase for some
decades yet, if not indefinitely, and increased efforts to
control them are necessary on the part of the crop producer.
At present many wise laws prohibiting the shipment of
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infected stock, particularly peach yellows and rosette, the
various crown galls, and certain insect pests, are inoperative
on account of lack of proper means of enforcement or too
often owing to absence of the necessary sustaining public
opinion.

FUNGICIDES

Bordeaux mixture. — While the early formulas for this
mixture called for 6 pounds of copper sulphate and 4 pounds
of lime to 22 gallons of water, and other similarly strong mix-
tures were in use for several years, experimental evidence
soon showed that the strength could be reduced without
disadvantage. The chief strengths of Bordeaux now used
are as follows: —

ORDINARY BORDEAUX

5—5—50
Copper sulphate (bluestone) . . . . . 5 pounds
Quicklime . . . . .. . . 5 pounds
Water .. . . . . . . . 50 gallons

This strength may be used on most plants the foliage
of which is not especially delicate or sensitive to copper.

STRONG BORDEAUX
6—4—50

Copper sulphate (blue stone) . . . . . 6 pounds
Quicklime . . . . . . . . - 4 pounds
Water . . . . . . . . 50 gallons
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This strong solution is particularly for grapes, potatoes,
and tomatoes; crops which possess good resistance to the
copper of the mixture, and upon which a strong solution
is desired.

WEAK SOLUTIONS

2—2—50
Copper sulphate . . . . . . . 2 pounds
Lime . . . . . . . . . 2 pounds
Water . . . . . . . . . 50 gallons
25 —6—50
Copper sulphate . . . . . . . 2% pounds
Lime . . . . . . . . . 6 pounds
Water . . . . . . . . . 50 gallons

Plants with sensitive foliage, such as the stone fruits,
peach, plum, cherry, and apricot, are injured by the stronger
solutions, and very weak solutions must be used upon them.

There is no certainty as to what strength of mixture is best.
To most crops no damage can come from the use of as
strong a solution as the 6-4-50, yet it is possible that all
of the benefit can be derived from a 4-4-50 mixture. If
s0, there is loss of material through use of the stronger
solution. This matter is still open to experimentation.

In the preparation of the Bordeaux mixture it is well
to have on hand stock solutions of copper sulphate and of
lime. The stock solution of copper sulphate is made by
dissolving a_certain number of pounds of copper sulphate
in one half the number of -gallons of water. For example :
80 pounds of copper sulphate in 40 gallons of water. Every
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gallon of this solution contains 2 pounds of copper sul-
phate, and the necessity for further weighing is avoided.
This solution will remain good for any length of time if
the water evaporated is replaced.

In order to dissolve the copper sulphate, suspend it in
a coarse bag near the top of the water in a barrel. In this

F16.'8. —A éonvenient afrangement for mixing Bordeaux mixture. After Vermont
Agricultural Experiment Station.

way it will dissolve in a few hours. If it is placed in the
bottom of a barrel, it will dissolve but slowly, even with
frequent stirring. When dissolved, the solution may be
made uniform by stirring.

A stock solution of lime should be made. Quicklime
of good quality, which is not at all slaked, should be
weighed out, placed in a trough, and slaked slowly, using
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the minimum quantity of water. Thus a fine quality of
slaked lime is secured. After the lime is thoroughly
slaked enough water should be added to make a putty-
like mass. It should then be covered with more water
to keep out the air and may be used when needed. Since
this mass was originally weighed, estimate can be made
sufficiently accurate to determine the amount of the paste
to use in any given amount of Bordeaux mixture.

In preparing the Bordeaux mixture from stock, measure
out the proper amount of stock solution of copper sulphate,
dilute it with half of the amount of water needed. In a
similar way measure out the proper amount of lime from
the stock and dilute it with the other half of the water in a
separate vessel.

The lime should be passed through a fine wire strainer
of about eighteen meshes to the inch, or through cheese-
cloth, to remove particles of stone which would other-
wise cause great difficulty in the pump nozzle when
spraying.

The two ingredients are now mixed each with one half
the amount of water called for in the formula. All
that remains is to pour them together slowly and stir
thoroughly.

It is a matter of considerable importance that the stock
solutions be diluted before they are mixed with each other,
since the quality of Bordeaux mixture resulting from this
method is superior in several respects to that which would
be made if strong solutions were mixed together and after-
wards diluted. The Bordeaux should be freshly made
each time before using.

An excess of soluble copper compounds in the completed



Fia. 9. — Bordeaux mixture, 1 and 3 properly and 2 and 4 impropérty made : 1 and 2 after.
standing 45 minutes : 3 and 4 after standing 4% hours. After Sheldon.
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Bordeaux mixture is dangerous to the foliage, while a
slight excess of lime is a point of safety. It is therefore
advisable, unless it is certain that sufficient lime of good
quality is used, to apply a test in this regard. If an excess
of lime be present in the mixture, the breath expired upon
it for a few moments, as held in a saucer or cup, will cause
a flaky film to form upon the surface ; if no such film forms,
more lime is needed. If an excess of copper sulphate is
present and a bright piece of iron or steel, a knife blade
or nail newly filed or sanded, be held in the solution for
a few moments, a distinct deposit of metallic copper will
appear upon the bright iron. It is well to practice each
of these tests with solutions known to have excess of copper
and lime respectively, to thus become familiar with the
working. of the test. No metal cans or utensils should be
used in preparing Bordeaux mixture.

Soda or potash Bordeaux mixture. — While the usual
lime-Bordeaux mixtures are very successful in preventing
plant diseases, slight difficulty is sometimes encountered in
using them, owing to the occurrence of small stones, im-
perfections in the lime. These, if not thoroughly strained
out, clog the spraying nozzle and are troublesome. To
escape this difficulty and to render the preparation and
application of the Bordeaux mixture easier, as well as to
give a mixture which can be used as the fruit approaches
maturity, without spotting it, use of potash or soda as
a substitute for the lime has been recommended. Soda
is most_acceptable for this purpose. For general use there
is no indication that these mixtures will supersede the
ordinary lime-Bordeaux.



FUNGICIDES 31

TrE Sopa BorbpEAUX
Copper sulphate (bluestone) . . . . 5 pounds
Commercial caustic soda sufficient to combme with the copper
sulphate and leave a slight excess of soda.
Water . . . . . . . 50 gallons

It will be hoted that the amount of caustic soda to be
used is not stated definitely. It is impossible to make a
definite statement, since the strength of the various com-
mercial sodas varies greatly.

The following table gives the amount of copper sulphate
required for a single can of several of the more common
sodas. In the last column is found the amount of mixture
which a can will make. For example, if the Champion
soda, a can of which weighs 13.75 ounces, is used, one should
use 1.6 pounds of copper sulphate to each can of soda.

Gross WEIGHT CoPPER AMOUNT

WEIGHT OF SULPHATE OF

oF CaN SUBSTANCE REQUIRED MIXTURE
Soda (Troy) .| 11.2 1b. | 10.17 Ib. | 46.22 1b. | 462 gal.
Babbitt’s Potash . | 17  oz.| 145 oz. | 3 1lb. | 30 gal
Champion . .| 13750z. | 12 o0z. | 1.6 Ib.| 16 gal
Red Seal . .| 17 oz | 145 o0z.| 24 lb.| 24 gal
Leggett’s . .| 17. oz.| 14750z. | 2.5 1lb. | 25gal
Lehman’s . .| 147502. | 12.250z. | 24 1b. | 24 gal
Hirsh . . .| 145 oz. | 12750z. | 1.8 lb. 18 gal.
Washington . .| 14.2502. | 12.750z..| 1.7 lb. | 17 gal
Saponifier (Solid) 15.75 0z. | 1425 0z. | 2.5 1b. | 25 gal
Saponifier (Granu-
Clated) . 0 .| 17 oz | 147502 | 2.6 1b. | 26 gl
Natrona . .| 4275 0z. | 36.750z. | 7.2 lb. | 72 gal
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One can of soda contains 12 ounces of substance and the
1.6 pounds of copper sulphate together with the one can
of Champion soda will make 16 gallons of soda Bordeaux.

In a similar way, by consulting the table, one can find
how much copper sulphate to use per can with any of these
brands and how much mixture it will make=

Dissolve the caustic soda in water. Dissolve the copper
sulphate also in water in another vessel and dilute each
solution to half the volume desired in the completed mix-
ture; then mix the two solutions together.

If used in the above proportions, the mixture will be
alkaline. If too little soda is used, the mixture will be
acid, and is then liable to injure the leaves.

The amounts as given in the above table are equivalent
to the 5-5-50 Bordeaux mixture. If one comparable to
the 4-4-50 is desired, increase the amount of water by
25 per cent.

In order that the mixture may be more easily seen on
the trees, and thus enable the operator to know when a
tree has been completely sprayed, a small quantity of
lime, about one half pound to every 50 gallons of mixture,
should be added. _

Prepared or dry Bordeaux. — To meet trade demand
various forms of ready prepared Bordeaux mixture have
been placed upon the market. While some of these may
be good, there is no sufficient reason for their use, since
better and cheaper mixtures can be made at home with
little or no difficulty.

Ammoniacal solution of copper carbonate. — This
solution contains no sediment, and on drying leaves no
unsightly marks upon the fruit. It may therefore be
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used upon fruits in the latter stages of ripening, when
the spotting that the Bordeaux mixture causes precludes
the use of that fungicide. The mixture consists of a
solution made by dissolving copper carbonate in ammonia-
water in the following proportions :—

Copper carbonate . . . . . . . 6 ounces
Ammonia, about . . . . . . . 3 pints
Water . . . . . . . . . 50 gallons

Weigh out the proper amount of copper carbonate.
Set a very small portion of this aside, and dissolve the
remainder of it in diluted ammonia, using only enough
ammonia to dissolve it. Then add the portion of copper
carbonate which was reserved. This will insure the use
of no more ammonia than is necessary. It is better to
have a little too much of the carbonate in the solution
than to have too much ammonia. The strong solution
made in this way can be diluted with the proper amount
of water. The copper carbonate may be purchased di-
rectly from the drug-store, or it may be prepared at home.

To make copper carbonate proceed as follows: Dis-
solve 10 pounds of copper sulphate in 10 gallons of water.
Also dissolve 12 pounds of carbonate of soda in the same
amount of water. Allow these two solutions to cool,
then mix them slowly together stirring in the meantime.
Allow the mixture to settle-about 12 hours, pour off the
liquid, and add water equal in amount to the liquid poured
off. Stir thoroughly and allow it to settle as before.
Repeat this operation again, then drain off all of the
liquid possible, and dry the blue powder which remains.

This powder is.the copper carbonate.
b
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Burgundy Mixture.

Copper sulphate . . . . . . . 2 pounds
Sodium carbonate (sal soda) . . . . . 3 pounds
Water . . . . . . . . . 100 gallons

Fach chemical should be dissolved separately in half
the water, then mixed as in making Bordeaux mixture.
This mixture may be used as may ammoniacal copper
carbonate when it is advisable to avoid the spotting of
fruit which would result from use of the Bordeaux mixture.

Copper sulphate solution, 1-17. — A solution -consist-
ing merely of copper sulphate and water to kill the spores
on the bark and supports may be used before the leaves
appear.

Copper sulphate . . . . . . . 1 pound
Water . . . . . . . . . 17 gallons

Dissolve the copper sulphate as in preparing the Bor-
deaux mixture, dilute it to the required strength, and
spray upon the trees. The addition of a little lime, one
half pound to 50 gallons of mixture, enables the operator
to see exactly what portions of the tree have been sprayed.

This mixture must not be used after the leaves appear.

Copper sulphate, 1-7. — Made as above, but using 7
instead of 17 gallons of water.

Potassium Sulphide Solution.

Potassium sulphide (liver of sulphur) . . . 1 ounce
Water . . . . . 2 to 4 gallons

This solution should be freshly prepared. It is used
as a substitute for the Bordeaux mixture, to avoid spotting,
in the same way that the ammoniacal solution of copper
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carbonate is used, when the fruit has become so large that
the Bordeaux mixture must be discontinued. Potassium
sulphide is also especially efficient as a protection against
the powdery mildews.

Formalin. — Formalin is a very powerful germicide
which came into wide use about 1889. Its interest to the
farmer lies chiefly in its power to prevent the potato scab,
onion smut,-and the various smuts of cereals. Full direc-
tions for its use are given under special crops.

This substance appears on the market under two names:
“formalin” and “40 per cent formaldehyde.” These
substances are absolutely identical, and since 40 per cent
formaldehyde is cheaper, owing to the fact that the word
“formalin 7’ is protected by patent, the customer will of
course do well to purchase the 40 per cent formaldehyde.

Corrosive Sublimate.

Corrosive sublimate . . . . . . 1 part
Hydrochloric acid . . . . . . . 2 parts
Water . . . . . .. .. 1000 parts

This is employed chiefly as a seed disinfectant particu-
larly for black rot of cabbage. It is intensely poisonous
and should be so regarded.

Flowers of sulphur.— This substance is chiefly employed
as a specific for the powdery mildews. See grape, p.164.

Sulphur-Soda-Soap.

Caustic soda . . . . . . . 10 pounds
Sulphur . . . . . . . . 35 pounds
Fish-oil soap . R 6 pounds

Water . . . . . . . . 100 gallons



36 DISEASES OF ECONOMIC PLANTS

Bring the soda and a little water to a boil in a kettle,
then slowly add the sulphur and soap and boil for about
one hour, with frequent stirring; strain and dilute to
100 gallons.

LiMe-SuLPHUR MIXTURES !

These mixtures are of both fungicidal and insecticidal
value.

Home-boiled lime-sulphur wash. — This is the wash
regularly used against the San José scale.

Lime . . . . . . . . . 20 pounds
Sulphur . . . . . . . . .15 pounds
Water . . . . . . . . . 50 gallons

The lime, the sulphur, and about half of the water are
boiled together for forty-five minutes in a kettle over a fire
or in a barrel or other suitable tank with steam. Strain
and dilute to 50 gallons and the wash is ready for applica-
tion.

For spraying trees in the dormant state this wash may
be substituted for Bordeaux mixture as a fungicide; but
it is injurious to foliage, and cannot be safely used as a
summer spray unless greatly diluted.

Factory-boiled or commercial lime-sulphur wash. —
This solution is practically the same as the home-boiled
wash and is placed on the market as a substitute for the
latter. The home-boiled wash is troublesome to make
and does not keep well. The prepared wash keeps in-
definitely and is ready for use when received, requiring
only dilution with water.

1 Modified from Scott, W. M.; U. S. Dept. Agr. Bur. Plant Indus.
Cire. 27.
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For insects and fungous diseases on dormant trees a
strength of 1 gallon of the solution to 9 to 11 gallons of
water gives satisfactory results.

Self-boiled lime-sulphur wash. — The self-boiled lime-
sulphur wash is a combination of lime and sulphur boiled

Fra. 10. — Making lime-sulphur wash. After Sherman.

with only the heat of the slaking lime, and is primarily
intended for summer spraying as a substitute for Bordeaux
mixture where the latter is injurious to foliage or fruit.
For most purposes the Bordeaux mixture is as yet to be
regarded as the better fungicide and should be used

except when it is liable to injure the plants. Peach foliage
E
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is so susceptible to spray injury that ordinary Bordeaux
mixture cannot be used as a summer spray on peach trees;
neither can the sulphur washes which contain any consider-
able quantity of sulphides in solution. The self-boiled
lime-sulphur wash, however, when prepared as a mechani-
cal mixture of lime and sulphur with only a small per-
centage of the sulphur in solution, is not injurious to
peach foliage and has proved to be a good fungicide. It
may also serve a good purpose in spraying varieties of
apples, like the Ben Davis and Jonathan, which are often
injured by applications of Bordeaux mixture.

The mixture that appears to be the most satisfactory
is composed of

Lime . . . . . . . . .10 pounds
Sulphur . . . . . . . . .10 pounds
Water . . . . . . . . . 50 gallons

This can best be prepared in rather large quantities — 20
pounds, or even 40 pounds at a time—so as to get
enough heat to produce a violent boiling for a few min-
utes. Place the lime in a barrel and pour on enough
water (about 3 gallons to 20 pounds) to start it slaking
and to keep the sulphur off the bottom of the barrel.
Then add the sulphur, which should first be worked
through a sieve to break up the lumps, and finally enough
water to slake the lime into a paste. Considerable stirring
is necessary to prevent caking on the bottom. After the
violent boiling which accompanies the slaking of the lime
is over, the mixture should be diluted ready for use, or at
least enough cold water added to stop the cooking; 5 to
15 minutes, according to whether the lime is quick-acting
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or sluggish,. are required for the process. At the end of 30
or 40 minutes, if the hot mass is permitted to stand undi-
luted as a thick paste, a liquid is produced that is dangerous
to peach foliage and in some cases even to apple foliage.

The mixture should be strained through a sieve of 20
meshes to the inch in order to remove the coarse particles
of lime, but all the sulphur should be worked through the
strainer.

Hot water may be used to good advantage in preparing
the mixture with sluggish lime, but with quick-acting
lime hot water is not best. If desired, the mixture may
be kept for a week or more without deterioration, but it
should be thoroughly stirred before using.

In applying the self-boiled lime-sulphur wash the spray-
ing outfit should be equipped with a good agitator. The
agitator of the ordinary barrel sprayer is not usually
adequate.

CoMBINED BORDEAUX AND ARSENATES

When an insecticide and a fungicide -are to be used at
the same time, it is usually possible to combine the two,
so that only one application is necessary.

Bordeaux-Paris-green. — To the usual Bordeaux mix-
ture Paris green is added at the rate of 5 ounces to each
50 gallons of mixture. The other arsenical mixtures, as
London purple, arsenate of lead, or arsenite of lime, may
also be combined safely with the Bordeaux mixture.

SPRAYING MACHINERY

The needs as regards a spraying equipment necessarily
vary with the amount of spraying to be done, whether a
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small garden or a large commercial orchard. In either
event proper apparatus is needed. A machine of good
quality is more durable and cheaper in the end.

In selecting a pump the fol-
lowing points® should be given
consideration : —

1. The air chamber should be
sufficiently large to ensure a
steady spray and be so placed on
the pump that the latter will not
be rendered top-heavy.

2. Some means of keeping the
spraying mixture thoroughly
stirred is cssential.

3. The working parts should
all be of brass and be so arranged
that they can be examined with-
out undue difficulty.

4. The pump when mounted
should not extend above the bar-
rel more than is necessary.

5. It is desirable to have the
Fic. 11.— Bucket pump showing  device for attaching the pump to
hose, nozzle, and bucket attach- - the harrel so arranged that the

ment. After Gould Mfg. Co. .

pump can be readily mounted
on, or removed from, the barrel.

6. The different parts of the pump should be so con-
structed that they can be readily taken apart, especially
those which inclose the valves.

7. All points for attachment of the hose should be cut
with threads of standard size.

L Modified from the Maryland Agr. Exp. Sta. Rpt. 13, p. 73, 1899.
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The chief types of pumps are briefly mentioned below.

Bucket pumps. — These pumps are suited for use in
the garden; to spray the bushes or a few small fruit trees
in the yard. The fact that they may be used in-any ordi-
nary bucket or pail gives them an advantage over some
of the other outfits. By the attachment of a foot rest which
extends outside the pail to the ground, the pump can be
held firmly. They cost from $3 to $7 complete, including
rubber hose and nozzle. :

Compressed air sprayer. — After the tank is partly filled
with the spray mixture and closed, air is pumped in, thus
pressure is exerted upon the liquid, which is forced out in
the form of a fine spray when the nozzle is opened.

This type of sprayer is satisfactory in some instances,
and is adapted to about the same fields as the bucket pump.
It is not well adapted for spraying large areas, since the
sprayers are inconvenient to carry, are slow, and heavy.
They cost from $3 to $7.

Knapsack sprayers. — These consist of 3 to 5 gallon
tanks, with straps so attached that the outfit can be carried
upon the back in the manner of a knapsack. The handle
is so adjusted that it is operated in front of the carrier.
These pumps are best adapted to spraying crops which
grow breast high, as grapes. They may also be used in
spraying small trees. For general garden use, or small
areas, a half acre to an acre, they are to be recommended.
Complete - with hose and nozzle, these pumps cost from
$10 to $20. ‘ '

Barrel pump. — For ordinary orchard work the barrel
sprayer is of most importance. The pump is adjusted to
a barrel, at either the side or end, preferably the side. It
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should be provided with a good agitator to keep the spray-
ing mixture stirred while in use. The pump should be
fitted to carry two leads of hose. Without hose or nozzle
the cost will be from $13 to $16.

Fic. 12.— Barrel pump showing agitator. After Gould Mfg. Co.

Tank sprayers. — These differ from the barrel pumps
mainly in their larger capacity and mode of obtaining
pressure. They cost about $25.

Field sprayers. — This sort of sprayer is used in spray-
ing low plants, such as strawberries, potatoes, tomatoes,
cabbage, etc. Several nozzles are attached, so that from
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3 to 6 rows can be treated at one time. Where a number
of acres of truck crops are grown, this sprayer is of great
advantage.

Power sprayer. — Still larger sprayers, either geared to
wheels to use horse power, or operated by steam or gasoline,
are used by the large commercial growers.

TFic. 14.— Sulphuring machine in use. After Faurot.

Nozzles. — The nozzle should be one that will throw
the liquid into a very fine spray, a mist. From the Ver-
morel the liquid issues in the form of a cone-shaped mist.
From the Bordeaux nozzle it issues in a fan-shaped spray
which is not so fine as that given by the Vermorel type.
The Bordeaux nozzle may be used to better advantage to
spray tall trees.

Sulphuring and dusting machines. — These consist of
various forms of bellows or blowers driven by hand or
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other power. The points to be desired are evenness of
flow, economy of sulphur, and ease of operation. The
discharge of the sulphur from the exit is shown in Fig. 14.

COST OF SPRAYING

Since both the cost of labor and of materjals vary, and
the amount of each required is determined by the size
of the plants to be sprayed, no accurate estimate of the

F1e. 15.— The nozzles are turned at an angle to the rod so that the spray may be
directed upward or downward. After Faurot.

cost of spraying can be given. Still reasonably reliable

estimates may be made from the following examples.
Orton! estimates the cost of spraying cucumbers or

cantaloupes as follows: “On the average, 15 acres per

1 Orton, W. A., U.S. Dept. Agr. Farmers’ Bul. 231, p. 22.
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day were sprayed, making the labor cost 33 cents per acre.
Assuming that 100 gallons per acre were applied, the total
would be :—

Copper sulphate, 6 pounds at 7 cents per pound . . % 42
Lime, 12 pounds at 1 cent per pound . . . .12
Total cost of material . . . . . . . 0§ 54
Total cost of labor . . . . . . . . .33
Cost per acre of each application . . . . . % 87
Cost per acre of six applications . . . . . 522

““There should be added for interest on investment,
repairs, and depreciation of outfit, $1 per acre, which
increases the total cost to $6.22 per acre.”

Spraying potatoes, tomatoes, or any other crop which
in like manner covers the ground costs approximately the
same.

“The cost of treating pear, plum, and cherry stock the
first year, or before and after the buds are inserted, will be
about 25 cents for 1000 trees. The next year, or when the
buds are making their first season’s growth, the cost of the
work will probably not exceed 25 cents, while the following
season or the second year from the bud, the cost will be
increased 10 to 15 cents, or about 40 cents per thousand.
On this basis the entire cost of treating trees until they are
two years old from the bud will range from $.85 to $1 per
thousand, or about 1 mill per tree.” !

At Southern Pines, N.C., a careful account was kept
of the cost of treating grapes, including both material and
labor. The Bordeaux mixture cost almost exactly 50
cents a barrel. The labor was estimated as the work of

17U. S. Dept. Agr. Div. Veg. Physiol. & Path. Bul. 7, p. 27.
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three men, each at $1 per day. The following table gives
the cost per acre of the material and labor for each of the
6 sprayings:—

Semaviv omor | Gost o (Toms, Coer
1st . ) . ) . $ .45 $1.13 $1.58
2d ) : ) . . .68 1.i3 1.81
3d ) L ; . .68 1.10 1.88
4th . . . . 1.36 1.47 2.83
5th . ) ) . ) 2.06 1.65 3.71
6th . .. . ) 2.06 1.65 3.71

Total ) ) . ) $7.39 $3.13 | $15.52

For potatoes ‘ the items of expense of spraying 10.4
acres five times were as follows : —

234 pounds copper sulphate at 7 cents . . . . $16.38
195 pounds prepared lime at 14 cents . . . . 2.92
90 quiarts arsenite of soda solution at 2} cents . . 2.10
70 hours labor for man and horse at 30 cents . . 21.00
Wear on sprayer . . . . . . . . . _6.50

Total . . . A . . . . $48.90

“The total expense of spraying was $4.70 per acre or 94
cents per acre for each application.”?

According to Kinney ® the cost of spraying apple trees
twice with combined Bordeaux mixture and Paris green,
and once with Bordeaux mixture, has been estimated as fol-

1 Stewart, F. C., and others, N. Y. (Geneva) Agr. Exp. Sta. Bul. 290,

p. 257.
2 Kinney, L. F., R. I. Agr. Exp. Sta. Bul. 31, p. 15.
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lows by Mr. George W. Burlingame who had charge of the
work : —

466 gallons of Bordeaux mixture . . . . . $9.68
14 pounds of Paris green . . . 45
Labor of 3 men, preparing and applymg the mlxtule 60 hours 9.00
Use of team 20 hours . . . . . . . 3.00

Total . . . . . . . . . . 2213

This amount when divided among the 131 trees treated
makes the cost of the treatment 16.9 cents per tree.

The cost of spraying in Missouri' is reported as follows :
Arsenate of lead estimated at 12 cents per pound, blue
vitriol at 6% cents, and lime at % cent. In computing the
cost of applying the sprays, $5.75 per day was taken as
a liberal estimate for labor of team and fhree men and
for gasoline and oil required to operate the power outfit.
This placed the wages of each man at $1.25 per day.

CosT oF SPRAYING INGRAM ArpLES IN MISSOURI

E B~ 'éé‘.’ —ng\ —Zw Eé';;,\ ;gg
by | E22| 28 | G228 850 |87A8 825
55 | 228 | Bg | 828 |%%E3 |gi58|gss
my |BET| 22 | ox— | 0By |SEE-] £E2
1st spray . . 474 49 [83.19] 3.86 | $2.51| 8.76| $5.70
2d spray . . 367 22 | 143|185 | 1.20| 4.05| 2.63
3d spray . . 344 2.0 1.30| 2.06 | 1.34| 4.06| 2.64
All sprays . . 1185 9.1 | 5.92| 7.77 | 5.05]16.87 | 10.97

! Taylor, E. P., Mo. State Fruit. Exp. Sta. Bul. 21, p. 40, October,
1909.
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SPRAYING AT AvON, VA., DURING THE SEASON OF 1905, AND
ITS RESULTS'

TREATMENT WITH BORDEAUX MIXTURE
Pror Nos (5-5-50 FORMULA) Pickep Sepr. 19 TO 23
BERS (2 -
}:DI‘REE% 0 | ® Tle Fl8(eligi=(Q |+ Sound | Rott clzgﬁ—,_
cH PLO" > o . . oun otten
A ron)| g S| 28 § -;’ %’ g 4 § Fruit | Fruit aS%?xgtfi
Rl Eal R NS N - gl B - I Fruit
Bushels | Bushels
1. vyl == —=!—=—1—|—1]18.50 | 30.25 | 37.9
2 . v — | — | — | 47.50 | 22.50 | 67.8
3 . ” ” ” ’” 7 ” ” R —_— —_— 56. 00 2. 00 96. 5
4 . ’” ’” 1”7 ” ” 7 7 7 —_— —_ 54 00 1 75 96 8
5 17 1" 1” ’” ’” r” 7 17 ” —_ 32 75 1.15 96 .6
6 . 2728 BR72 72 N7 RO R RV 7 | 68.50 70 98:9
A Check — one untreated tree .00 | 10.00 | 00.02
7. === | 56.50 | 14.00 | 80.1
8 . ” ” ’” —_— R —_ —_— 1”7 ’” ’ 1”7 7 00 6.50 51.8
9 . — === 177 |{—|7”|—128.50 6.00 | 82.6
B Check — one untreated tree .00 | 17.00 | 00.0 2
10 — === """ |” |59.00| 6.50|90.0
11 — == == """ ‘ 7”1 42.25 6.50 | 86.6
12 — === == 28.50 | 24.75 | 53.5
C Check — one untreated tree - .00 | 13.00 | 00.0
D . .. Check — one untreated tree LW | 20.75 {00.02
5 . . J—|—|—=|=|=1"17”]1"”]|"”|—]|52.25 5.25 190.8
6 . . J—|—|=|=}" """ |—|—]52.50| 3.75|93.3
w7 .. ===y —|—|—140.00 5.00 | 88.8
E ... Check — one untreated tree. .25 | 16.25 | 1.5

In Arkansas 400 gallons of mixture were required for
one spraying of 200 trees, and the work was accomplished
with four men and one team in one half day. The 40
pounds of bluestone at 8 cents a pound cost $3.20 and the
same amount of lime at one half cent a pound cost 20
cents. The four men, at $1.25 a day each, cost for the
half day $2.50, and the team cost $1 for the half day:
This aggregates $6.90 for spraying 200 trees, or a little less
than 31 cents a tree for the one application, making a total

1Scott, W. M., U. S. Dept. Agr. Bur. Plant Indus. Bul. 93, p. 23.
2 Of the check trees, A had 1 sound apple, B 6, and D 2, but the per-
centages were too small to show in the table.
E
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cost of 104 cents a tree for three applications. This is the
cost of the bitter-rot treatment alone; if the cost of the
arsenate of lead used for protection against the codling
moth be included, 11 cents a tree for each application should
be added.*

PROFITS FROM SPRAYING

Spraying protects the foliage and harvest from insect
and fungous attacks. — By properly spraying, perfect
produce and good yield are often obtained where the
omission of spraying would mean poor yield and diseased
products, or permanent injury to the plant in the case of
perennials.

A marked increase in yield is often evident to even a
casual observer. To accurately judge this value in first
experiences some portion of the crop should be left un-
sprayed, and the yield from sprayed and unsprayed parts
should be carefully measured and the gain compared with
the cost of treatment. In the conduction of any large
business every small increase in profit and every saving
of leakage is important.

Perfection of produce. — The quality as well as quantity
of the yield is improved by spraying. The perfect product
proves its excellence on the market by its ready sale and
the high price it commands.

One cannot afford to raise inferior produce. The in-
crease in quality, even if the quantity of the yield were
not affected, is sufficient reason for spraying. The keep-

1 Scott, W. M., and Quaintance, A. L., U.S. Dept. Agr. Farmers’ Bul.
283, p. 13; April 29, 1907.






