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An Economic Stuly of the san Jose Scale; 1ts Alilies,
Histnry and Methods for its

Exterriination.

Chanpter 1.
Conditions and Object of the Work,

During the fall of 1905 czrtain experiments were under-
taken at the college witl. a vicw of accwwilating facts which
vold 42nd to determine the rslative efficiancy of fall versus
spring applications ~f tha lire-siiinhur wash in the eradica-
tion of San Jose scale,. Three aypplications of the wash were
made; in the fall, winter and spring respsctively. The forrmula
used in all cases was as fgilowaz 15 pounds clean stone lirme,
15 pounds flowers of sulrhur, and 50 gallons of water, This
mixture was boiled about an hour and a half.

The following patent preparations were also tested to
determine their relative merits, compared one with another
and of all as compared to the lime-sulphuir wash,

Tobacco-potash, Whale-oil Soap, No. A. James Good,.
Philadeiphia, Pa.

caustic-potash Whale-oil Soap, No. 3. James Good,
Philadelphia, Pa.

Kil-o-scale. Griffith and Turner Co., Baltirmore, Md.

Horicum, Hammond Paint and Slug-shot Works, Fishkili-

on-Hudson, N. VY.
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Sealecide. B. G. Pratt Co., 11 Broadway, New York, N. Y.

Target Brand Scale Emulsion. American Horticultural
Distributing Co., Martinsburg, West Va.

Target Brand Scale Destroyer. American Horticultural
Distributing Co., Martinsbturg, West Va.

Sscale syray. Sherwood-Carmody-Smith Co., Watervliist,
Berrisn Co., Mich.

salimene. Monmouth Chemical Works, sShrewsbury, N. Y.

One other scale remedy was tried which, although not a
ready i.ale preparation, is just making its way into favor
among thos2 having nost to do with tlie eradication of San
Jose seale, This is the Xerosene-limoid mixture, cormonly
known as K-L. It is rmade according to various formulae, de-
pending on the percentage of kerosene desired. That used by
tve vriter was what is called a fifteen per cent solution and
is made as follows; to 30 pounds slaked l1lime, 7% gallions of
kerosene was added, stirring thoroughly into a thin sloppy
mass. This was diluted with 414 gallons of water, violent
agitation being kept up while the water was being added.

It is the usual practice at the present time to spray
for San Jose scalse in the late winter or early spring, when
the trees are in a perfectly dormant condition. 1If this work,
usually something of a bug bear to the fruit grower, can be
successfully done in the fall, some of the most objectionable

features may be eliminated. Excert in unusually wet séasons



-3-

the orchard is drysr and in better condition to work in at
this time of the year than it is in the spring; owing to the
greater ease cof application and to the fact that the average
fruit grower has more time at his disposal in trne fall than

in the spring, if done in the fall the work is rmuch more
likely to be done in a thorough manner. T}-: necassity for
thoroushness caniot be too strongly emphasized and its extreme
importance will be brcucht out in a later chapter.

Perhaps the chief advantage claimed for fall spraying
however 1ies in the fact that the scale itself is attacked at
a season when it is supposed to be unable to offer such great
resistance to the wash as it is in the late winter when
thoroughly encased in its almost impervious coat of mail.

Some work along the line of fall srraying for San Jose
scale has recently been done in other states, notably in New
York and New Jersey. Altnough perhayps enough has not yet
been done so that any final dictum may be announced, yet the
apparent success of fall spraying at these places has been
sufficiently encouracging to make it seem desirable to deteriine
if spraying with the lime-sulphur wash at this tinme of year,
is equally advantageous under Michican condjtions.

The greater part of the work described in this paper was
on pear, although sore peach, apple and plum trees were also
used, in order to see if the species of the host, within

the 1imits of economic importance, would be an important
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factor in determining the efficacy of the application. Note
was also taken of the effect of the various sprays upon the
host plant, as to the general vigor of the sprayed compared

to unsprayed trees; as to the effect of the sprays in checking
any other Aisease that might be present, and as to the effect
of the application of the various spravs on the vitaiity

of the fruit-buds.

Since tnhe college had no plum, .2ach or psar orchard
sufficiently infestes with San Jose scale to aford a prcfi-
table basis for exr~srimentation, it was necessary to go ahong
the neigivoring farirers and fruit growers for material.
Arsufficient numbsr of nlum and pear treas were found upon
the farm of Mr. H. P. Gladden of Ridge Farm, about one mile
north of Lansing. This gentieran consented to the use of a
portion of his orchard for experimental purpos=s and it was at
this place that tr: greater part of the work was dons.

Mr. Gladden's pear orchard consisted of about six hundred ten-
yeer-old tr=es., A piot of a portion of the orchard is given

in Plate I, showing the arranger<nt. The trees are eirhtean

fe3t apart in rows twenty feet apart, excent the dwarfs, which
are eichteen feet arart in rovs ten feet apart. The orchard

was in heavy tinothy sod about three years old. The infesta-
tion of the orchard was nearly uniform and only moderately severs.

In connection with th: work in spraving for San Jose scale,

a comparative study was made of various other sveci:s of Coceidae
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with a view of naking clear the distinctions between the
Ssan Josa scale and some of its immediate allies. Especial
attention was given to those scales most 1liable to be
mistaken by the fruit grower for San Jose.

An exariination was made of the college campus and the

location of the infestation of San Jose scale placed upon

a map. See Plate II.
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Chapter I1I.
Experirental Work.

Trhe experirmental work eriraced the spraying of about
four hundfed trees and inclwdzd the testing of eleven different
kKinds of svrays for an Joae soqie,  The tre2es were mostly
pears but in addition to the pears swyrayed there were also
thirty Japan plums, ten peach and ten apple trees., Ths pears
and pluns as hac beon before entionsd wyere situated on the
férm of He P. Gladden; the apples were in the variety orchard
of the Hortiecwlitural Departre~t at the Coiler=; the peach
tries were on the farm of ir. Porter about cne mile west
of Lansing.

A plot ¢f a portion of sr. Gladden's orchard is given in
Plate I. Tne varietie« are arranred as foliows, Leginning at
the right hand side of the plot; six rows of siandard Bartlett,
one row standard Hoi<1ll, six rows dwarf Duch=ss, six rows
dwarf Anjou, two rows standard Lawrence. The trses were

sprayed as foliows;

Gladien's I'sar Crchard.
Lime-Sulphur Wash:- October 23,10 Anjou pears;
October 27, 25 Duchess pears: October 27, 25 Bartlett pears;
Cctober 27, 15 Amjou pears; November 13, 13 Bartlett pears;
December 9, 12 Bartlett vears; December 9, 25 Duchess pears;

December 9, 25 Anjou pears; March 29, 25 Duchess pears;
March 29, 25 Anjou pears.
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Jépan TiuSe
Lime-Sulphur Wash:- October 23, 10 Japan plums;

Decembser 9, 10 Japan plums; March 29, 10 Japan plums.

October 3, 10 Peaches at Porters,
November 4, 5 Apples at college.

Decembzr 7, 5 Apples at college.

Patent Sprays in 1z =1's (yravard,
Caustic-potash Whale-oil-soap: April 7, 5 Duchess
pears; April 7, 5 Anjou pears,
Tobacco-potash Whale-oil-soap: April 7, 5 Bartlett pears;
April 7, 5 Anjou pears; April 7, 5 Duchess pears.,
Kil-o-scale: April 12, 15 Howell pears,
Scale-spray: April 12, 5 Bartlett; April 12, 5 Duchess;
April 12, 5 Anjou.
Salimene: April 12, 5 Bartlett: April 12, 5 Duchess;
April 12, 5 Anjou,
Seale Erulsion: April 12, 5 Bartlett; April 12,
5 Duchess; April 12, 5 Anjou.
Horicum: April 12, 5 Bartlett; April 12, 5 Duchess;
April 12, 5 Anjou.
Scale Destroyer: April 12, 5 Bartlett; April 12,
5 Duchess; April 12, 5 Anjou.

K-L: April 14, 15 Lawrence,
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Weather Conditions and Effect on gprays.

During all of the Spraying with the lime-sulphur wash
the weather was fair and cool, except for a few davs following
the appnlication of the lime-sulphur wash to the arnle trees
at tha College on November 5th. The spraying of trese trees
was followed by a hard three days rain. There was practically
no effect however caused by the rainfall on the apyearance
of the sprayed tress, Cn Arril 8th, the day folliowing 'he
anpiication of the Tohacco-potash ¥Wiale-oil-soap and tihie
Caustic-potash Whale-cil-soap there was a rainfail of .66
inches at the coilege. On April 9th, almost irr.sdiately
following the application of Scalecide, successive light
showers occurred for several hnours. As this pr=paration
emulsifies readily in water it was assumed that it would
readily wash off and 1t was at first thought tiiat a repetition
of the aprlication would be 4d4esirable., The trees were ex-
amined on the afternoon of the sarie day on wrich they werse
sprayed however and no effect was observed from the slight
wetting they had received in the forenoon. They had not lost
the dark and oily appearance caused by the s.ray and conse-
quently they were not sprayed a second tinse.

Descrintion of Patent Spravs.,

Scnlecide:- Fift:een trees were spray=d with Scalecide on

Aprii 9th, five each of Duciess, Bartlett and An,ou. Scale-

-cide is one of ths so-calied soluble petroleum sprays.
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The formula for its use as a dormant spray is one géallon of
Scalecide to twenty galions of water. Before diiution it has
much the aprearance of maichine oil. When water is addied it

at once forms a milky emulsion, which remains stable in any
provortion of water very satisfactoriiy. The material

is very easy and convenient to use and has no disagreeable
features in handiing. It is non-corrcsive and doss not injure
the face, eyes or clothing. It has been highly recommended
by two or three experiment stations where it has be=n used
quite extensively,

On April 12th, ninety trecs were sprayed with the six
different kinds of spray material the descrintions of wiich
follow. Five trees each of Duchess, Bartlistt and Anjou being
used, exc=pt with Kil-o-scale, when fiftesan trees of Howell
were used because there vvere not satisfactory specir=ns of
the ot'2r varieties 1=2ft which were at once in goocd vigor
and yet infested with scale sufficiently to affori a good
basis for experiment.

Saiirmene:- This material is nea-green in color and about
the consistency of putty except for a iittle ciear solution,
perhaps about a pint on the top of a gallion can. When water
is gdded considerable stirring is necessary im order to dis-
solve the material. Saliriene is riade of lime, sulphur, salt
and petroleum and when diluted for spraying is of a light

pea-green color. When sprayed on the trees it gives them
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much the avnearance of thoss treated with the lime-sulphur wash.
saiimene is prepared for spraying by mixing one gallon
salimene with from sixteen to twenty gallons of water.

Scale-spray:- The appearance of this preparation is sone-
what similar to that of Scalé;bide, being oily and rather
coloriess, but seemingly of a thinner and lighter nature than
Scalézbide. When water is added an emulsion is readily
formed. The emulsion, while white,seems to be very thin and
has the apnearance of water to which a 1ittle milk has been
added. The dilution of this material which is recommended
by the manufacturer for a dormant spray, is one gallon Scale-
spray to twenty galions of water.,

Target Brand Scale Fmulsion:- This material has the
characteristic machine 0il appearance of many of the petroleum
prepavations. The sample used by the write?/however,made a
vary unsatisfactory emulsion in cold water. Lumps of oily,
greasy materiél collected on the surface of the water and
would not dissolve. Sone of the preparation seemed to mix with
the water ma%ing it a dirty whitish color, but it separated
constantly and collected on the surface in lumps which were
hard to strain out when putting the mipture in the spray
barre;f/and made a slimy coating over« unnel and inside of
the mixing barrel. Moreover’some difficulty was experienced
later in spraying/as some of the viseid insoluble portion got

-into hose and nozzle;and while not causing a complete stoppage
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of the flowAwas difficult to fores out. When the barrel was
ringed preparatory to putting in another kind of séray, lumps
of grease came out which had collected during the time the
spraying was in progress.

Horicum:- This is a dark green material, one of the lime-
sulphur coripounds, and has a very offensive odor doubtless
due to the decomposition of some of the sulphur compounds.

It is of a seni-soiid consistency and must be shaken out of
the can. It dilutes very readily in cold water, the formula
baing one gallon of Horicum to sixteen or twenty gailons of
water. When water is added and the material is ready for
use it forms a dark pea-green spray which shows up well on
the trees when dry, giving them a whitewashed anpearance.

Target Brand Scale Destroyer:- This is manufactured by
the seme company that makes the Target Brand Scale Emulsion.
Scale}Destroyer is a heavy, slugrish, dark liquid, resembling
black molasses in color and consistency. It forms a milky
emulsion with cold water with a fair degree of ease, about
five minutes vigorous stirring being required to secure a
uniform emulsion. The formula is one gallon of the Scale
Destroyer to twenty gallons of water.

Kil-o-scale:- This is another oily looking compound.
Instead of being comparatively clear however, as Scale-cide,
it has a muddy brown color when stirred. On standing a clearer

portion separates and comses to the top, leaving a heavier
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brown layer at the bottom. Care must always be taken on.this
account to thoroughly shake or stir the eentalning vessel
before emptying the Kil-o-scale out. The necessity of this
stirring is recognized and emphasized by the manufacturer.
When water is added Kil-o-scale makes a good emulsion and

is easy and pleasant to handle.

Tobacco-potash Wbhale-oil Soap:- When not dissolved in
water this material is a dark brown color and is thiek -:nough
sn that it pours out of the Xeg or barrel very slowly. As would
be expected, it has the characteristic fishy odor of whale o0il
preparations but no srisll of tobacco was percéptible. It
was used at the rate of one pound of the soap to one gallon
of water. The scap was put in a fifty galion barrel, the
right amount of water poured in, then steam was turned in
through a hose, By the time the water had come to the boiling
voint the soap had about all dissolved. The material was
sprayed on the trees while still hog as wnen cold it tends
-to jellify and is then difficult to forece through the nozzle.

caustic-potash Whale-oil Soap:- This has practically
the same appearance and possesses the same odor as the other
soap. It was somewhat thicker however, and took longer to
go into solution, but this was thought to be due to the pre-
vious cold weather to which it had been exposed and to which
the Tobacco-potash Whale-o0il soap had not been. The formula

. was the same as for the other soap and no difference was
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observed in the effect on the tree ar in the apyrearance
when sprayed.

K-L:- The Kerosene-limoid preparation, commonly known
as K-L, is a mixture of kerosene and lime diluted with water.
It has been quite extensively used at the Delaware Agricultural
Experiment Sstation and is highly racoi. anied in soi2 parts
of tre country. Some of the advantages claimed for K-L are
that it is easily made without heating materials; moderate
in cost, pleasant to handle, effective and adhesive, requires
no straining, is plainly visible on the tres and is absolutely
uniform in the percentage of kerosene in any part of the
mixture. Not quite all of these claims of its advocates
were borne out in ti:s experience of the wiiter. The method
of making it has already been tcuch=24 upon in ﬁhaﬁter I.
The lime used was sifted air slaked lime, although nearly any
form of lime is said to be effective. The most important
point to be observed in making K-L is to be sure to get a
good emulsion. This is supnosed to be obtained by violent
and continued agitation of the mixture while the water is
being adﬂed. The difficulty in securing this emulsion, and
the danger of the mixture if it is not secured, appear to be
the greatest disadvantage of the kerosene-limoid combination.
The air slaked lime precipitates rather rapidly in the spray
tank and a good agitation is a necessity, otherwise the lime

-packs against the sisve op the bottom of the nump and shuts
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off the flow of 1liquid. 1In tiz respect of ‘urability of

suspension, K-L corpares unfavorably with the lime-sulphur washes.

Subsequent Observations.

About an hour after the application of Scalecide/on
April 9th)aevera1 light showers fell. It was thought that
perhaps the material might have washed off, so an inspection
was made on the afternoon of the same day. The trees'were
plainly distinguishable from those not sprayed, by the dark
and oily appearance of the bark. The Bartletts sprayed were
not infested badly enough to judge of the number of scales
killed., On Duchess and Anjou the scales had not sloughed off
at all but appeared shrivelled up.

The application of the Whale-o0il soaps was followed by
a nore or less continuous rainfall during the succeeding
eighteen hours, about s8ix or eight hours having elapsed between
the srraying and the beginning of the rain. The trees were
sprayed on April 7th and were examined April 10th. As this
is a caustic preparation and the park of the tree actively
absorbs the potash the effect of ;ﬁe scap would be felt within
a very short time after the apnlication, anud tie insceticidal
pronartiss of the praparation might have beon expectad to rat
in thair work before the rainfail neran. This was evidently
the case as all the scales anpeared to be dead when examined

April 10th, having turned from the normal lemon yellow color
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of 1ife to a dark orange. They had not slioughed off hLowever.
The material, notwithstanding the rainfall subsequent to the
application, was still plainly visible on the trees giving
them a whitened éppearance as though covered with dried soap-
suds., The}bark likewise rad an oily feeling $o-—the—toerek.

April 20th,-‘t§ﬁ days later the trees were examined again.
Trose sprayed with soap still had t .2 wi:itened appearancse.

Trees sprayed with Horicum were most conszicuous in the
orchard. T7The whitewashed appearance l.~<¢ 1ot 1aft them in
the least. The material apparently does not wash off. No
friit buds sesmed to have be=n injured as all were beginning
to oet green. No 1live scales were found beneath the white
coating on the trees.

Trees sprayed with Salimene were likewise noticeably
whitened but the coating was not so heavy as those receiving
Horicum. The trees sprayed first with Salimen&, which received
the material from the bottom of the tank, were much whiter,
showing that the settling is comparatively rapid. In this
respect Salimene seems inferior to Horicum. No fruit buds
were injured and only a small percent of live Bcalgz?g;hd.

No difference was observable in the appearance of trees
covered with Kil-o-scale and those which had not been sprayed
at all.

K-L. These trees were quite conspicuously whitened and

the material appears to stay on well., No fruit buds were



-16-

injured and no live scale were found.

April 28,- On tnis A~te the final examination of the whole
orchnard v s made, On trees swrayed in f=11 with the lime
sulphur wash by far the greater part of the scales wesre dead
but enough were found alive to perpetuate ti:e btre3di the coming
season. In estimating percentage of dead scales only those
were considered to be dead which were shrivelled and wikhout
juice. The matter of a sinple test of death is one which
should receive more attention than has i:itherto been given it.
It is sometines claimed that an orange colored scale is dead
and that when alive they are of a light iemon yellow. The
distinetion holds true in the main, but the writer h-s fond
many scales of an orange color vwhriclh ware full of juiece and
apparently thriving; on the other hand scales are frequently
found which have the lemon yellow color of most living scales

but which are juiceless, shrunken and apparently dead. In

view of this difficulty, one is tempted to question the
accuracy of many published statements as to the exact per-
centages of dead scales in an orchérd. On the basis for dis-
tinetion betveen dead and 1livig seales given above, it was
sorevhat eneouraring to find that there was hardly a dead
scale in the row adjoining the fall sprayed trees, which had
received no treatment. On fall sprayed trees the lime sulphur
. coating was barely distinguishable; on winter sprayed trees

the spray was scarcely more néticeable, while cn those sprayved
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in the latter part of March the lime sulphur coating wds
very plainly visible.

0n the winter suraved tress in places where the lime
sulphur coating was visible, a few live scales were found
beneath the coating of spray. 7The == ecoytition wae foind

in s2re Llaces o0 £all sirayed tress,

Patent Sprays.

Kil-o-scale:- In some places no live scales could be
found, at others there were plenty to make trouble the coming
swmar,

Scale-spray:—- Material slightly visible, apuearing l1ike
dried soapsuds, numercus live scales,

Scaleciie:- No scales were found alive.

Scale Fmulsion:- Live scaleza;;nrently quite abundant.
The bright yeliow color had bsen preserved’however}in the dead
scales making ther: very difficult to distinguish from the
living insects.

Scale Destroyer:- Material not visible on trees; quite
a mritsr of live scales,

Tokacco-potash Whale-o0il soap:- No changs was noted from
the condition reported under examimm tion of April 20th.

Caustic-potash Whale-oil soap:- No difference observable
in the action of this soap and the preceding.

_Salimene:- Material apparently very durable on trees.
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Very few live scale could be found.

Horicum:- Appearance of trees same as on April 20th.
No 1live scale were found bsneath the coating of spray
material on the trees,

K-L:- The lime made the trees conspicuously whitened
and the coating does not wash off readily. The effect on

the scale was very satisfactory. No live scales were found.



conclusions.
The Lime-Sulphur Wash.
From the kxnown facts as to the action of the lime-sulphur

wash, that is, that its effect is cumilative and not irmediate,
it seers to tis vriter that spraying in the spring is preferable
to‘a f£all arpliecation., Trers are indisputable advantages in
fall spraying in tre -:as2 and eheapness of application, bt
art=r aili efficiency is the essential thing and th: v.riC co-
arriraed in this ono-2 sa.0.8 to indieate that snring srraying

is more effaective, The most beneficial action of the iinme-
sulriur wacn in the opinion of the wyriter is found in its
werk on the voung scales, If the awplication is made in fall
and the old scalcss are not all kilied, by the tire spring

cories thers ias not enouch 144 :»ini 18ft on the tree to be
effeciive,and ti nrocgeny of the survivors of tie £:0311 g:ray
maeat no eleek to tieir inerease, 1f these coasiderations

are tmez, i€ foizcws trat tire ideal methods for the extermi-
nation of the scale in a badly infested orchard is to mnake

two anpplications, one in the fall just about the time the

leaves drop’and another in the spring just before growth besins.,
The fall spray will kill the greater part of the scales, which
are perhawys rore susceptible to insecticides at this time,

and the spring application will prevent the survivors from

multiplying., It iust Lo taton iato eonsideration, howsver,
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in dealing with scale, as with many other enermies of the
farmer, that prevention is cheapsr than cure. The San Jose
scale fron now on will probably be a continual source of
trcuble in fruit growing and the bettsr way to deal with it,
is to not aliow the orchard to be half kilied b=afore taking
remedial measures. If spraying for San Jose scale be made
part of the seasons routine in every orchard and a single
application a seascn be made while the scale is not yet thoroughly
established, littlie trouble need be expected from this source.
Methods for preraring. Many forrulae and methods of
preparation have been advocated for the lime-suip'ur wash.
While the formula uc=d has generally h=en found to give
éatisfaction, yet 1 the opinion of %3 writer, there wo.ld
be ~n advantage in a greater proportion of lime., It is claimed
by adherenﬁs of the 15-15-50 formula that the amount of lime
used is sufficient to go into combination with all the s lphur,
and that every additional bit of 1lime is mere whitewash. This
may be true, but it is aryarent from the investigations of
Mr. Haywood‘;hat t uvine prevents the too rawnid soiution or
eyaporation of the insecticidal properties of the compound.
These are chiefly due to the breaXing down of calcium thio-
sulphate. An excess of lime, while possessing no insecticidal

value in itself, holds the material on the tree longer than

XComposition of the Lime-Sulphur-Salt-Wash. J. K. Haywood.
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if just enough lime is used to satisfy the @hemical reactions
with the sulphur. Moreoverlit has the additional advantage
of making the syray riore plainly visible on the tree and con-
sequently greater thoroughness is 1ikely to be cbtained in
apnlication. Twenty or twenty five pounds of 1lime tc fifteen
pounds of sulphur tlie: vritar beliaves mnakes a better wash,

Much dspends upon the nanner of mixing the lime and
sulphur. Frequently bhe sulphur is Amiped on top of the water
in which the 1ime is slaking. VYhen ailied in a mass i1y %t..is
nann=r, ti2 shiiphur is slow to mix with the waﬁer and a longer
time in boiling is required to make it do so, than if the
sulphur is first mixed with a little water into a thin paste
which may then be easily dAiluted. When enough water has been
added to about cover the required quantity of lime, this
material may be put in. The water should be nsarly to the
boiling point when the lime is added in order to insure good
slaking., If this method is followed, every piece of lime is
immediately surrounded with sulphur, a high degree of heat is
generated by the slaking, and less subsequent boiling is re-
quired to secure the right combination.

Effect on treesi There was no injurious effect on the
trees which weie svrayed before the leaves had falien. No
fruit buds were injured by any of the lime-sulphur aprlications,
nor were the trees harmed in any way. No difference was ob-

served in the behavior of Aifferent species of hosts, in regard
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to their suspeptibility to injury by spraying nor in regard

to the susceptibility of the scales 1living upon them, to

the spray. The last observation hLere recorded was too early
in the season for a judgment to be formed as to the fungicidal
value of lire-sulphur, and as to its value for pear-blight

or peach-leaf curl.

Patent Sprays.

The various prenared sprays may be grouped into three
classes; the iime-sulphur-salt compounds, the soluble oils
and the soaps. In insecticidal vaiue, there seems to be but
1ittle difference in the best s.rav of any of these class<es.

The results which the writer secured with the soluble
0oils do not afTordi a basis for snch a flattering report con-
cerning their value as has bean given by some experimenters.
With one very thorouch apnlication of the oils about 90 tad 95
per cent of the scales seamed dead. Scalecide was the most
satisfactory of the soluble oils. The disadvantage of Kil-o- -
scale was the hsavy brovn precipitate which forms in the con-
taining vessel on standiing. Scale Destroyer was fairly good
but did not forr an emilsion so readily as Scalecide. Scale
Emulsion was unsatisfactory as explained in “naprter 1T, vpaze 10
Scalespray wnile making a fairly good emulsion fell below all
the others in efficiency. As a class the soluble 0il sprays

have the advantage of easy preparation, n:»:ct sclution; they
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have the disadvantage of being washed off the tree by the
first rain. This proves to be a sericus drawback only when
the application of the spray is succeeded almost imrmediately
by rainfali. Unlike the lime-suiphur wash the effect of the
oiis is almost immediate, so that a repetition of their
application is unnecassary unless the rainfall occurs within
a few hours.

Cf the two ready made lime-sulphur sprays used, Hoiicum
was rzore satisfactory than Salimene, because of th= =ase with
which it is prepared for u==, The material goes into_golution
very readily, stays in suspension well, is adhesive and con-
spicuous on the trees. Salimene,while apparently similar in
composition, is much thicker. About fifteen minutes stirring
is required to dissolve it and it settles rather rapidly.

One advantage of no inconsiderable importance which both the
lime-sulphur-s41it sprays possess over the soluble oils, 1is
their durability on the trees, They are apparently as im-
pervious to water as the home-made 1ima-sﬁ1phur wash and are
Just as conspicuous on the trees after withstanding several
rains as tie2y werse just after applying.

The soaps have no anparent advantage over the lime-sulphur
washes or the soluble oils. On the other hand they have the
disadvantages of requiring a considerable amount of time and
hot water in their preparation, ani of the necessity of making

the application while the material is stili hot.
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In all of the so-called patent prerarations consiscred
the item of cost has not been rentiounzd, This is for the
reason that it se: 9 Lo tia writzy that theses syprays are most
suitable for use in a small way, where only a few trees are
to be treated. Under such conditions a few ceats difference
in cost is immaterial. Where a large number of trees are to
be treated, the limes-suiphur wash has no sunerior. When large
ruantiti-e wre to L used so that the iw=st rsthods of making,
such as boiling with stearn, elevated tanks are R c.orLaet,
tre cost of the lime-sulpiiur wash has been found to be lecs
tran that of any patent nreparation now on the market.

K-1.

The experience with the Kerosene-iimoid mixture was in
the main satisfactory. This material has the advantages of
adhering tc the trees vwell, of being plainly visible and of
requiring no heating in mixing. The disadvantages found in
ite use hy U2 writer, was its rapid settling, causing a
clogging of the fine screen on the bottom of the pump. The
settling also caused the first trees sprayed to receive iore
tﬁan their srare of 1lime, which cf course prevented the
baiance of the trees from getiing guite so much as they should.
Tiig disa’vantage was dAue in part to the fact that air slaked
lime was used. The coarss particles were removed by screening,
but even then the air siaved 1ime’when rnixed with water;will

nat form nearly so flocculent a mixture as will freshly hydrated
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or dry slavad 1ir, K-L has no injurious effect on the buds
and was as efficient against the scale as any spray used.

It is a food spray and cne tiat cail be made easily at home.
Great care must be taken however to give violent agitation
when the kerosene is added in order to ssecure a permanent
mixture. The difficulty of doing this prorerly is the worst
fgiiure of K-L, for if a permanent mixture is not formed great
dangsr wiil attend its use, as some of tne tress wilil be

treated to practicalliy pure kerosene,

z Summary of Conclusions,

Lime-sulphur wash: If but one ap: lication of the line-
sulphur wash is mace 1at it be in the spring just before
growth be~ins,

If the orchard is badly infested spray both in fall
and sypringe.

If in a neighborhood whers San Jose scale exists, spray
for it regularly,as for any other expected pest, bsaring in
mind trat spraying is insurance on the crop.

A greater proportion of lime than is contained in the
15-15-50 formula is desirable.

In maXing the lime-sulphur wash first mix sulphur with a
1ittle hot water, then add enough hot water to cover the lime
~to be used, then add lime, stir vigopously and keer the r.ixture

boiling, addins more hot water when lime has slaked.
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Patant wuravs,.

0f the lime-sulphur preparations iHoricum is ti.e best,
iz Aurable, smooth in spraying, and effieient, but is dis-
agreeable and offesngive to handle.

Scalecide i< tiie bast of the soluble oils. It is non-
corrosive and easy to handle. It is efficient if not washed
off by rain soon after bheing apvliied. A slight shower does
not impair itts efficiency.

A8 aﬁiass the prepared sprays are better to use in a
amall way where 1t is not desired to go to the trouble and
evne e of making the iire-suiphur wash,

K-L- "ris is a good spray if made right. Dry siaved
lime should be ussd, violent agitation when the kerosene
is added is essential. The danger of not securing a stable
emulsion will prevent K-L from suyplanting lime-sulphur woeh

for uas in layse eorsereial orohnrds,
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Chapter 1V.

San Jose Scale on the College Campus.

It had been known for some time that there was more or
less San Jose scale present about the campus at the college.
It was known that it was present in considerable quantity,
infesting some of the ornamental shrubs, but whether the in-
festation had spread to other species to any great extent,
how dangerous it was and how widespread, and whethsr it had
yet attacked a very great variety of hosts, were questions
that had not yet been solved. That these questions should be
answered was necessary in order that the best method of dealing
with the pest might be determined and some decisions reached
as to whether it would be most economical to spray or to
destroy the infested plants. Accordingly, with a view of
finding out the present location of the pest and determining
the best method of eradicating it, an examination of the
campus was made and a map drawn. Upon this may, a photograph
of which is given at Plate II, the infestations of San Jose
scale were shown.

The outlines, roads, walks, etc. were made by the writer
by means of a atereoptiqﬁﬁ enlargement of an old map in
possession of the college. The buildings erected since the
survey from which the old map was made, together with the trees
and shrubs were located by Messrs. Spencer and Lambert of

the class of 1906.
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It would be manifestly impossible to examine microscopi-
cally all of the plants srown on the map, but a fairly thor-
ough examination was made, especial attention being given to
the most common hosts of the San Jose scale. The number and
location of the infestations are shown on the map in yellow.
It was found that the scale was present on Japan Quinee in
almost every place where this shrub had been set. Frequently
but one or a few bushes in a bed were infested. The original
source of infestation on the bushes is generally supposed to
have been from affected nursery stock, but there is strong
circumstantial evidence that the first infested bushes came
from the South Haven Experinent Station. Aside from the Japan
Quince the scale was found upon a few scattered fruit treesf
pears, plums, peaches and cherries being attacked. It seems
to be characteristic of this pest that it is liable to confine
its attacks to a single species of host-plant and to multiply
on it for a long time with its usual rapidity, until some
chance or unfavorable condition or other circumstance causes
it to obtain a foothold on a host hithertoc foreign to it in
that particular locality, then to spread with its usual
virulence on its new found prey. Hence’although now present
for the most part only on Japan Quince at the college, k&t irf
prompt measures are not taken to eradicate it the time cannot
be far distant when it will cease to confine its attacks to

this shrub and may spread to the shade trees, other shrubs, or
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almost any of the plants which now adorn the canrpus. In the
case of the Jaypan Quincee at ths college, then, the best and
most economical remedy is doubtless the destruction of the
affected plants. Their value either intrinsical'yv or for
landscare gardening purposes is not great enough to warrant
their preservation when their continued existence as a
congenial host and breeding place for the San Jose scale
makes them a menace to the species hitherto unattacked by

this dreaded pest.
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Chapter V.
Pdpular Descriptions of the San Jose Scale and

9ome of its Close Allies.

The systematic study of the scale insects of the United

States is of combaratively recent origin. Targioﬁ Toi}tti,
the great Italian entomologist who did some of the earliest
important work on the study of the Coccidae, is still living
and writing. Professor Comstock of Cornell University, who
has earned a world-wide reputation by his invaluable studies
in the classification of the Coccidae of the United States,
ig still in the prime maturity of actiwal life.

The interesting family of insects known as scale insects
belongs to the suborder Homoptera of the genus Hemiptera.

This order takes its name from two Greek words meaning "half-
winged", the name referring to the structure of the wings in
some of the genera. Homoptera likewise means "like-winged".
Among the different families of the suborder Homoptera the
Coccidas are distinguished by several very peculiar characters.
"In this family we find those members of the Hemiptera which
depart most widely from the type of thq order.

The adult female is always wingless and the body is either
scale-like or gall-like in form, or it may be grub-like and
clothed with wax. The waxy covering may be in the form of
powder, of large tufts or plates, of a continuous layer or of

a thin scale, beneath which the insect lives. The males of



Coccidae, unlike all other Hemiptera, undergo a complete
me tamorphosi 8. The adult males have only a single pair of
wings, the hind wings being represented by a pair of club-1like
halteres. Each of these is furnished with a bristle, which in
all the species we have studied, is hooked and fits in a
pocket in the wing on the same side., The males in the adult
state have no organs for procuring food, as the mouthparts
disappear during the metamorphosis of the insect and a second
pair of eyes appear in their place." +

For our purpose at this place/however,the most important
thing is first, to distinguish the scale insects from others,
and second to distinguish those species of scale insects which
are of great economic importance from those concerning which
the fruit grower need have no particular anxiety. This wiil
we takXen up from the entomologiste standpoint in a later chapter.
At this place ket us Briefly consider those characters of
the scale insects which can be appreciated by the mind which
has not been especially instructed in entomology, and seen by
the eye unaided by the compound microscope.

At present then, we need only to consider the characters
which differentiate one sub-family of scales from other
insects, because it is to this sub-family, called the Diaspinae,

that all of the scale insects to which particular attention

+"Manual for the Study of Insects,-—- J. H. Comstock.
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will be given in this paper belong, except the Lecangge.
This sub-family Diaspinae includes nearly ali of the scale
insects which are troublesome enemies to the fruit grower.
It may be briefly said that the Diaspinae, or armo&red scale
group includes those speciss of scale insects which form a
scale composed in part of moulted skins and partly of an ex-
cretion of the insect. "This apparantly trivial character
is correlated with important atrucfural characters, which
mark a well defined group"+. For