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Results of the work done under Fertilizer Control are given in
the main in Bulletin No. 46. A considerable portion of the
time of the chemists has been occupied in this work.

The work on pests of shade and ornamental trees and an
experiment on plum rot is given in Bulletin No. 47. '

From April to November.most of the time of the Director
was given to the Dairy Tests by the World’s Columbian Expo-
sition at Chicago. : :

These Tests of Dairy breeds of cattle have been a subject of
much interest to all interested in Dairy work, and especially
to the Stations, but the question of how to get a sufficient num-
ber of representative cows of the different breeds together in
an experiment without entailing an expense altogether beyond
the resources of any Experiment Station, has prevénted any
systematic work in this line by our Experiment Stations, ex-
cept in a few instances where but from 2 to 4 cows of each breed
were used. In all such cases results must be necessarily un-
satisfactory. Through the efforts of Chief Buchanan, Depart-
ment of Agriculture, World’s Columbian Exposition, the
Exposition authorities inaungurated a breed test of Dairy cattle
on a very extended scale. 5

In order to conduct the test, Mr. Buchanan called to his
assistance the Association of American Agricultural Colleges and
Experiment Stations. This Association appointed a committee
to conduct the tests. Asa member of that committee, I gave
most of my time from April to May. The results obtained at a
cost of about $70,000 will soon be available to the Stations, and
thus the test has furnished opportunity for the study of dairy
problems such as only could have been secured under the au-
spices of such an organization as the World’s Columbian Expo-
sition. The tests are very full and complete. Nothing in the
dairy line has heretofore approached these tests in number of
cows under test, in length of time the tests cover, or in the
completeness of the records.

: PUBLICATIONS.
Four Bulletins have been published and are incorporated in
this 1‘epo:rt. Some 11,000 copies of each of these Bulletins have
been distributed in the State.

M. A. ScovEeLL, Director.
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Analysis of the Air-Dried Material.
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9114. Ashes of hickory wood, sent by Mr. A. P. Farnsley,
L Louisville, Kentucky. "
: 9233. Nitrate of potash, parchased of Messrs. H. J. Baker
2 & Bro., for use in fertilizer experiments.
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', 9083. Phosphatic limestone from the soil near the surface, on
as the farm of Dr. R. J. Spurr, near Greendale, Fayette county,
Kentucky. (See previous reports).
5 A soft, porous rock, in thin pieces, chalky in appearance and
=i feel, and brownish in color. Qualitative tests showed the pres-
ral ence of flunorides, but.only traces of carbonate of lime.
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poison uniformly suspended in the water, and as the operators
are not very careful in regulating the quantity of poison used,
it becomes of interest to determine whether it may not some-
times be deposited in notable quantity upon the leaves, and also
whether a perceptible amount of arsenic may not remain in the
cured tobacco, notwithstanding the claim of those who use this
method that, if the spraying is done before the plant is topped,
none will remain. As a preliminary study of this question, the
writer obtained three samples of leaf tobacco in the condition
in which it is put on the market by the farmer. One of these
was from a crop that was said not to have been sprayed after
topping ; the number of applications, or their time, was not
known in either case. HRach sample was dried and ground, and
100 grams of each digested at a moderate heat, with dilute
hydrochloric acid, ﬁlfered,' and the solution treated with hydro-
gen sulphide, and the precipitate purified from organic matter
by drying and treating with nitric and sulphuric acids, and
precipitating again with hydrogen sulphide, after reduction
with sulphurous acid, according to well-known methods. The
sulphide of arsenic was then separated by solution in carbonate
of ammonia solution. In each instance, notable quantities of
both copper and arsenic were obtained, the smallest being from
the tobacco which was not sprayed after topping. This being
intended only as a qualitative test, no care was taken to recover
all the arsenic, but as the quantity obtained was weighable, the
largest precipitate of sulphide was oxidized by hydrochloric
acid and potassium chlorate and determined as magnesium
pyroarsenate, yielding a quantity equivalent to 4mg arsenious
oxide from 100 grams of tobacco.

It is proposed to continue the investigation this winter upon
a larger number of samples.
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Orchard Grass (Dactylis glomerata).

This well-known species was planted in a plot by the side of
another in which timothy was grown, and showed so many de-
sirable qualities by comparison that it seems worthy of men-
tion in this connection. Of the two, the orchard grass plot has
always shown the best growth, and, if we might judge from
them alone, is the more valuable for meadow.

Rescue Grass (Bromus schradert).

This rather coarse grass is said to be valued in England, where
geveral crops are cut in a year. It does well with us, sending
up a uniform growth of coarse, light green blades. It produces
in June flattened heads, finally becoming brown, and with a
tendency to droop because of their weight. When cut it sends
up a new growth of blades promptly, and even in winter bright-
ens up quickly during periods of mild weather, showing that it
is perfectly at home with us.

English Rye Grass (Lolium perenne).

This is said by seedsmen to be ‘‘the staple grass of Great
Britain,” but in our plot, has not at any time given evidence of
the qualities for hay it is claimed to have. About the mid-
dle of June it has shown, thus far, a rather slight growth of
culms about two feet six inches high, with blades at the base
from mnine to ten inches in height. It remains confined to the
lines in which its seed was drilled, and does not appear in any
way calculated to compete for favor with such grasses as orchard
grass, timothy and English blue-grass.

Orimson Olover, Italiam Clover (Trifoliwm incarnatum).

This beauntiful annual clover is worthy of cultivation for orna-
ment, if for nothing else. It has good qnalities as a forage
plant besides, having been shown by analysis to compare well
with red clover in nutritiousness. Planted in the fall, it ma-
tnres early in the spring, in time to give place to some other
crop.- That grown on the Station farm measured, when mature
and in blossom, one foot and ten inches in height. It received
its name from the elongated bright crimson heads, which are at
their best about the middle of May.
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The complete failure of the apple crop for 1893 prevented a
continuation of our experiments on apple rot. They will be
continued, if possible, this season. An experiment on plum
rot was made and reported on in Bulletin No. 47, confirming
the results of our work of the previous year with Bordeaux
mixture, and showing that th_e‘rotting of plums can, to some
extent, be checked by the use of this preparation.

The experiment started by me in the fall of 1889 with a view
to settling the question as to the length of time broom-rape seed
retains its vitality when in the soil, was continued with the re-
ult that seeds planted in 1889 germinated and produced broom-
rape in 1893, but the plants were few in number, and weakly,
from which I am led to hope that another season will show them
to have lost their power of germination. The matter is of con-
siderable importance to growers of hemp and tobacco, since it
will determine the time which land infested with broom rape
must be avoided for crops which this pest attacks.

Experiments were made also with several of the patent in-
secticides and fungicides, usunally with the result, however, that
for effectiveness they were shown to-be not equal to such well-
known materials as bluestone, sulphur, Paris green, hellebore,
etc. One experiment is worth reporting here, since it suggests
a means of getting rid of an abundant and injurious pest of this
part of the country. The melon aphis is a small dark green
insect, like the rose aphis of hot-houses. It is extremely
abundant here, and collects in large colonies on the under side
of melon leaves, causing them to curl up in such manner that
the insects can not be reached by employing the usual sprays.
The knapsack sprayer made by Wm. Boekel & Co., of Wash-
ington, was used first, the undersprayer being attached with the
idea that the under sides of the leaves could be reached with its
help. But it was found io be impracticable, because of the time
required in passing along each vine and spraying every leaf.
Tobacco smoke was next tried, the melon vines being rolled up
and covered with a wooden box, or tub, then puffing the smoke
under the edge with a bee-smoker. By this treatment the
aphides were stupified for a time, but if watched afterward for
several hours were found to recover. Bisulphide of carbon was
next employed, a tub being inverted over the vines as before,
and a saucer containing a tablespoonful of the bisulphide being




22 REPORT OF AGRICULTURAL EXPERIMENT STATION.

placed under its edge. The fumes of this substance were found
to kill the aphides completely, and if not applied too long will
do no injury to the vines. Since the aphides usually appear on
one or two vines in a field and spread from these as a center, it
should be possible by means of the bisulphide to check the in-
jury of the pest.

O her work during the season consisted in studying the life-
histories of shade-tree insects, several of which were unusually
injurious during the season of 1893. Part of the result of this
work is published in Bulletin No. 47 of the Station.

The most notable insect injury during the season of 1893 was
that done by grasshoppers in meadows and cornfields. The
species concerned in this work were the large spotted bird grass-
hoppers (Schistocerca americana), a species closely related with
the locust of the Bible, and a small red-legged species which
occurs everywhere in the United States, and is sometimes
mistaken for the Kansas grasshopper. Suach outbreaks occur
usually during exceptionally dry seasons, such as that of last
summer, but do not often continue for more than two seasons in
succession. The species concerned in last year’s injury may be
sufficiently abundant to call for attention next summer, but will
probably not again appear in destructive numbers for a number
of years. When doing serious mischief in cornfields, the appli-
cation of Paris green is to be recommended as the best calcu-
lated to destroy them ; the fodder from the sprayed plants
must, however, not be fed to stock. I have in preparation a
report on the injurious locusts of the State, in which the matter
of remedies will be treated in detail.

In conclusion, let me say that the work of the department is
going forward satisfactorily. The equipment is improving, and
the collections each year becoming more valuable. 1 have only
one recommendation to make for its improvement, which is,
that conservatory facilities be provided, so that experimental
work on plant diseases and life-histories of insects can be prose-
cuted to better advantage.

This matter has already been called to your attention in
another connection, hence I need not dwell upon it here.

Yours respectiully,
H. GARMAN,
FEntomologist and Botanist.
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15. Cyrtophyllus concavus, Harris. The common Katydid
is moderately common locally throughout the State.

16. Amblycorypha oblongifolia, DeGeer. Oceasional. Taken
only at East Hickman, Lexington and Nortonville.

17. Amblycorypha rotundifolic, Scudder. Frequently ob-
served about Lexington towatds fall on weeds and grasses under
trees in woodland pastures.

18. Microcentrum laurioliwm, Linn. Common everywhere
on blagk locust and other trees. Known from its peculiar note,
which resembles the sound made by striking two pebbles to-
gether.

19. Scuddaeria curvicauda, DeGeer. A common species in
open fields and meadows. East Hickman, Lexington, Norton-
ville, Glasgow Junetion. :

90. Scudderia furcaia, Brunner. A smaller and less com-
mon species than the preceding. K Taken only at Bryant and
Lexington.

91. Conoecephalus sp. A single immature representative of
this genus is in the Station collection, Nortonville.

22. Xiphidium fasciatum, DeGeer. Very common, espe-
cially so on hemp, and on weeds in stubble.

23. Xiphidium mnemorale, Scudder. Rather more common
even than the preceding. Examples brought in by Mr. Jordan,
of the Station, September 14, 1893, were placing their eggs in
the tender stems of rose bushes.

94, Xiphidium ensiferum, Scudder. Not rare. Lexington,
Bryant. .

25. Xiphidium glaberrimwm, Scudd. Very common every-
where.

96. Niphidium nigripes, Scudder. Frequent. Lexington,
Georgetown, Nortonville.

27. Xiphidium concinnwm, Scudder. Not common, two
examples‘, Lexington.

98. Thyreonotus pachymerus, Burm. A single example is
in the collection from Tyrone on the Kentucky river. Mammoth
Cave, (Scudder).

GrRASSHOPPERS (FAMILY ACRIDID.E).

99. Pezolettix gracilis, Bruner. Occcasional. Lexington,
East Hickman, Providence.
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60. Anisomorpha buprestoides, Stall. In a list of 1llinois
Orthoptera (Bulletin Illinois State Laboratory of Natural His-
tory, 1, p- 60) Dr. C. Thomas states that this species has been
observed in Kentucky. Ihave myself collected it in Johnson
county, Southern Tllinois, and have no doubt but that it oceurs

also in Western Kentucky.

PravING MANTIDES (FAMILY MANTID.E).

61. Stagmomantis carelina, Linn. Not very common in
Rastern Kentucky. Abundant in parts of Western Kentucky.

Noted as especially common at East Cairo.

Roacues (FAMILY BLATTIDE).
62. Blatta germanica, Fab. Very abundant in dwellings. k: Ell
63. Hctobia flavocincta Scudder. One example, Lexington. i
84. Periplaneta orientalis, Linn. Common. B .
65. Ischmoptera pennmsylvanica, DeGeer. Common. &
66. Cryptocercus punctulatus, Scudder. A single example [ ¢
of this singular species was taken at Maysville, June, 1892, by B

Prof. ¢. W. Mathews.

DIVISION OF HORTICULTURE. -

M. A. ScovELL, Director :

DrAr Sir: In accordance with your request, I submit here-
with the report of the Horticultural Division for the past year.
The work of this division has been greatly aided since my last
report by the employment of an assistant, Mr. A. T. Jordan,
who commenced his duties in April, and has proved himself a
faithful and efficient worker.

Varietal tests of vegetables have as heretofore occupied a con-
siderable portion of our time during the past season. Consid-
erable additions have been made to our collection of small fruits
during the year, especially of strawberries, and it is expected
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BULLETIN No. 44.

BORDEAUX MIXTURE FOR APPLE PESTS.

BY H. GARMAN, ENTOMOLOGIST AND BOTANIST.

APPLE ROT.

Probably no enemy of the orchardist destroys mora fruit,
and is the occasion of more loss in Kentueky, than the rot-
fungus, known to botansts as Qlaosporium versicolor. It is no
ancommon thing for three-fourths of all the fruit on a tree to
be rendered worthless by its attacks. In the latter part of sum-
mer, we find in many orchards the ground covered with well-
grown appies, suitable for marketing as far as size and maturity
are concerned, yet not worth gathering up because of the rot
with which they are wholly or in parf affected.

These fallen apples are, as a rule, not windfalls which have
been invaded after they were blown down, buf, in most cases,
began rotting on the trees. Very many invaded apples can,
during much of the summer, be found clinging to the branches,
the rot forming a deep brown patch about the calyx end, or else
starting from a break in the skin, due to the thrashing of the
twigs or the gnawings of insects; more rarely starting at the
stem end of an apple, and gradually widening from this until
the opposite pole is reached. Hundreds of dollars are lost each

year from this destructive work on the fruit, and farmers known
to me do not get enough apples for their own use, where in early
days they secured splendid crops of excellent fruit. The rot-
ting is not confined to particular varieties, though some are
much more liable to it than are others. It takes fruit at any
stage of growth, from the time it is about three-quarters of an
inch in diam:ter until it is ripe. Damp weather appears (0
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accelerate its injuries, but it is not dependent on this, and dur-
ing the dryest months of the dryest summers may be found
among growing fruit. -

I have already called attention to_this rot in one of the Station
reports. The pest is so abundant and widespread in the State
that it has seemed best to devote considerable attention to i,
and I bhave undertaken a series of experiments with a view to
learning what ‘will save apples from its attacks.

THE SOURCE OF APPLE ROT.

Tt is sometimes assumed that this decaying of apples is a
spontaneous breaking down and giving way to unfavorable in-
fluences of the atmosphere, of poor soil, deficient nourishment
and the like,*just as a piece of meat becomes putrid when ex-
posed to the air during warm weather. The decomposition of
meat under such circumstances, while apparently a spontaneous
return to the earth and air of the substance of which it is com-
posed, is really not strictly spontaneous at all, and if it were
protected from the attacks of certain small fungi (the bacteria
or microbes of current literature), it would not rot. This pro-
tection is what we afford to meat when we ‘‘can’’ it: it is what
we do for fruit when we ‘‘put it up.” In these cases, though
the operator is often ignorant of the-reason why his work, to be
successful, must be done according to definite methods, the
treatment is for no other purpose than to keep these commodi-
ties from the floating micro organisms of the air. Expose such
canned meats or fruits to the air and they will, in the course of
a few hours, be found teeming with this minute life, and if left
to themselves are speedily rendered unfit for use.

The rotting of apples on the trees is a very similar case, but the
decay is much more evidently not spontaneous. It is just as
certain that the apple rot will not attack fruit on the trees, if
the spores of the fungus of which the technical name is given
above does not get access to them, as it is that potatoes will not
grow in a field in which no potatoes have been planted. The
fungus causing this rot is a plant of rather complicated struct-
ure and life-history, which is, as far as we know, dependent upon
apples for its sustenance. The apple then does not become dis-

d—01. 8.
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organized by the effect of heat, moisture or poor nourishment,
but is destroyed by a vegetable parasite’of relatively large size,
being discernible when only slightly enlarged by the microscope,
and in some of its conditions even perceptible to the naked eye.
I dwell upon these things because there is a tendency to consider
such diseases as this rot beyond our control, a tendency which
often leads to a neglect of precautions which might easily be
taken, and which would tend greatly towards remedying the
evil done by the parasite. When it is impressed upon the mind
of the fruit-grower that this rot is not due to the weather, but
to a parasite, I feel sure he will be prompt to take up the matter
of stamping it out.

Doubtless most farmers have observed during the winter num-
bers of dried and shriveled apples clinging to the twigs of apple
trees. These are generally the remains of fruit which rotted on
the trees during preceding summers, and from some cause re-
mained adhering to the twigs instead of falling to the ground.
It has been suggested and believed that these mummified apples
bear the spores of the fungus which attacks growing fruit, but
T am not aware that any one has hitherto tested the truth of this
surmise by attempting to convey the rot to sound apples. In
preparing for the experiments here reported an examination of
the orchard on the Experiment Farm was made early last
spring before the leaves were out. It was found that most of
the trees retained these withered apples. From a pint to a quart
of them could have been taken from most of the trees. They
varied from .24 to 1.36 inch in diameter, the smaller ones being
much the more common, probably because the weight of the
larger fruit invaded by rot tends to pull it from its attachment.
A large proportion of the smaller examples stood upright on
their stems, and it is apparent therefore that they were the re-
mains of immature fruit. The tenacity with which these small
ones adhere leads me to think they remain for several years on
the trees. Of course it is not probable that all of these mnm-
mified apples were destroyed by rot, but an examination of a
considerable nnmber of examples shows that most of them bear
the spores of the fungus. In fact T have not thus far found 2
single example that did not bear some. Contrary to my expec-
tation, they were more abundent as a rule on the smaller mum-
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mies. On specimens of an ash-gray color, the result of a lifting
of the cnuticle, they were especially abundant, the ruptured
pustules beneath the cuticle still apparently containing a large
part of the spores which developed there.

Thousands of the microscopic spores were thus embedded in
a single one of these dried up apples, and as was proved by
experiment they needed only to be introduced into the substance
of sound apples to germinate and produce the characteristic
change known as rotting. Again and again spores taken from
the old fruit which remained on the trees during the winter of
1891-92, and possibly longer, were seen to produce the diseasg
and eventually to yield the black fruiting pustules confaining
new spores, when introduced into sound fruit taken from the
cellar or obtained from the market. To test the matter still
further some of the spores were sowed upon sterilized gelatine
containing an infasion of apple, and here the result was very
much like that obtained by planting them on the apples. The
gelatine, where invaded by the growing threads, became of a
dark color, finally of a sooty black, and eventually small black
nodules appeared -at the surface containing the characteristic
spores. These winter spores are very much larger than those
produced during the summer, and are developed in the midst
of the nedules instead of on the outside. Under the microscope
they look mnot unlike a rather large elliptical seed. They are
covered by a thiek brownish outer coat, and contain a coarse
granular material, in some instances with -one or several round
clear spaces. The latter become larger and more evident when
they are placed in water or apple juice for germination. Those
obtained from rotting apples are considerably smaller, on an
average, than those grown on gelatine, as would be expected
from the difference in the media. Examples from an apnle de-
stroyed by an artificially induced rot measured .027 mm (.0011
inch)in length and .012 mm (.0005 inch) in width. Other spores
from a culture of the fungus made on gelatine measured .037
mm (.0015 inch) in length and .015 mm (.0006 inch) in width.

It will be seen by these measurements that the spores which
convey the disease to fruit are very small, much too small to be
seen with the naked eye, and yet they are as evidently the
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source of the rot which takes the apples as melon seeds are the
source of melons which grow in our fields.

It is so evident from the most superficial study of the subject
that the removal of the dried-up apples from the trees in winter
would remove the source of contamination to growing fruit,
that it seems strange that some practical man has not hit upon
it as a means of preventing the mischief. Certainly thousands
of minute spores, capable each one of destroying an apple, and
then of generating new spores sufficient to take a crop, would
be removed from the trees by this process. An experiment re-
ported below seems to justify all that has been claimed for the
p'rocedure on general principles, In experiment 442 every one
of these mummified apples. amounting to about a quart, was
removed from the tree, and I believe it was during the summer
the cleanest and most thrifty tree of any in the orchard, and in
August it yielded the best fruit taken from any of the treated
trees.

EXPERIMENTS 442 AND 443.

Rarly in the spring of 1892, before the leaves were out, every
shriveled apple was removed from a tree in the Experiment
Farm orchard, and it was then sprayed with Bordeaux mixture
until the branches and trunk were gray. The tree selected for
this treatment was one of two of the same variety, standing
side by side. The name of the variety T am unable to give. It
is said to be a janet, and the fruit agrees in color, shape and to
some extent in flavor, with the janets commonly used for winter
keeping ; but it is a fall apple, and averages larger than the
late-keeping janets grown in the same orchard. These trees
were selected for experiment because of the tendency of their
fruit to rot and fall off. 1In 1891 no apples of consequence were
obtained from either tree because of the destructive work of
the rot-fungus. The treated tree was given the number 442 and
the check tree was numbered 443. They appear to be of the
gsame age, but No. 443 is somewhat the larger, having thus a
possible advantage in bearing power.

After the apples had ‘‘set,’”’ later in the spring, the whole
orchard was sprayed for codling-moth, these trees receiving
their share of the poison. This codling-moth work was done
from May 16 to May 18, inclusive.
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On May 23 No. 442 was sprayed with Bordeaux mixture, two
gallons of the preparation being nsed.

June 6 the tree was sprayed again, about three gallons of the
mixture being employed.

July 6 it received a third and final application, four gallons
being used this time. $

The tree received no other treatment during the season, but
the lime and copper could be seen on the leaves and trunk at all
times until cold weather set in. Between sprayings it was to
some extent washed from leaves most exposed to rains, but
would probably have been evident in the fall if only the first
application had been made.

The -effect on the leaves of the spraying was very marked
from the beginning. The tree bore a more thrifty appearance,
the leaves were of a better color, and were actually larger than
those of the unsprayed check tree. As the season progressed

_the difference became more and more decided, and in the fall

when the unsprayed tree looked draggled and bare from ihe
loss of leaves, and the mutilation in one way or ancther of those
remaining, the sprayed tree still bore a full load of well de-
veloped, well colored leaves. This difference was due to a
namber of causes. In the first place, the scab-fungus (Fusicla-
diwm) worked without hindrance on the leaves of the unsprayed
tree, causing some of the leaves fo curl up, and checking the
growth of the others. The spraying prevented the growth of
this fungus almost entirely. Ib the second place, a peculiar
spot disease of the leaves was very destructive to the unsprayed
tree, and was much less abundant and did no perceptible harm
to the sprayed tree. And finally the insects which occur upon
apple trees seemed to find the sprayed leaves less to their taste
than the unsprayed ones. I attribute the small average size of
the leaves of 443 as compared with 442, to the injury from the
scab-fungus, and to the spot-disease. As showing the condition
of the two trees towards fall, the following quotation is made
from notes recorded August 27:

Exp. 442,—Tree in good condition. Leafage full. Some leaves
turning yellow, but not more than should be at this season.
Spot disease so noticeable on unsprayed tree does not show here
except on occasional leaves, and has not done appreciable harm
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to these. Mixture abundant on trunk and lower leaves. Upper
leaves pretty well washed clear. Very little evidence of the
presence of the scab-fungus on the leaves.

Fxp. 443.—Leaves in very bad condition as to spot-disease.
Frequently with numerous small spots; often with extensive
blotches, sometimes including whole leaf. Small spots often
broken away, leaving holes in leaf. Many leaves down.
Branches with a bare appearance, due to small size of leaves,
and to the falling of others. Some scab-lungus on leaves.

Fallen Apples.—We began to examine the apples which fell
from both trees on the 17th of June. Most of the apples then
down were such as did not ¢ set,”” and perhaps would, in many
cases, have fallen without respect to the spraying.

It was probably owing to the presence of these, and to the
fact that no apples had hitherto been collected under the trees,
that a Jarger number was obtained at this time both beneath 442
and 443 than on several succeeding dates. From the sprayed
tree, we took seventeen apples, and from its check ten. At the
next date of examination, June 25, only two apples were taken
under the sprayed tree, and ten were collected under the check.
From July 1, the number of fallen apples gradually increased
until the time of picking, Aungust 20, when 149 were examined
from the sprayed tree, and 132 from the check. If it had not
been for the storms of wind, the increase would doubtless have
been quite regular until the last. Tt will be seen, by reference to
my Table 1, that the number of fallen ap ples under the check tree
was, with one exception, smaller all dates of examination than
under the sprayed tree. This was not due to a better condition
of the apples as to rot, and, I think, is entirely the result of the
fact that, while as many blossoms were formed on the check as
on the sprayed tree, fewer of them resulted in fruit. The total
number of apples collected beneath the sprayed tree were 488,
just about 25 per cent. of the whole number upon the tree ; and
while only 395 apples were collected under the check tree, yet
these constitute about 35 per cent. of the whole crop borne,
oiving a difference of 10 per cent. in favor of the spraying. In
other words, this experiment shows, as far as one test can, that
684 apples would have fallen from the treated tree if it had
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X not been sprayed, whereas, the number which actually fell was

. only 488.

Rot in Fallen Apples.—The brown discolorations character-
istic of this rot early made their appearance, and the fact that
the number of affected apples oradually increased during the
summer is not to be taken as an indication so much of an
increase in their prevalence; as in the fact that their growth
ig rather slow, so that the result of injury 1s not an early
loosening of the hold on the tree. Affected apples con-
tinued to grow, apparently, with undiminished rapidity, a
state of things which is permitted by the almost invariable starf
of the rot at the eye. First and last, a gnod many apples were
invaded at the side, the growth proceeding from breaks in the
skin. But it was only occasionally that a genuine case of rot
starting from the stem was observed. These facts suggest the
probability of a transfer of the spores of the fangus to the
young apples while the latter were still erect on their stems.
Certainly the opportunity for infection at the eye of apples
which hang eye downward is much reduced. Size and general
yigor of fruit seemed to have little influence either in discourag-
ing or inviting attack. The largest, most symmetrical apples,
without a blemish on the skin; as often showed the gradual
spread of the growth from the eye as did the smaller, more de-
fective ones. 8

The rot became nnmistakable on the fallen apples about the
first of July. ﬁh1thelniddle(ﬂ?thelnonthzuxN1thﬂJfofzﬂlthose
down were affected. During August four collections were ex-
amined from each tree, and at each date of examination the
number of affected apples was greater under the untreated tree,
although the total number down was in each case less than the
number from the sprayed tree.

In more definite terms, the proportion of rotting to sound
apples grew less and less during the summer for the sprayed
tree, and on August 20, was at about 31 per cent. of the whole
number down at this date, while the proportion of affected to
sound apples from the check tree remained constautly in the
neighborhood of 50 per cent. of the whole number fallen.

The total number of rotting apples taken from beneath the
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sprayed tree during the summer was 183, equaling 37  per cent
of the whole number which fell from the tree.

The number attacked by rot taken under the check tree was
215, or 542 per cent. of the whole number which fell. :

Picked Apples.—The rapidity with which the apples fell dur-
ing the middle of August, indicated that they were ripening,
and on the 20th of this month all were removed from the two
trees under observation.

From the sprayed tree were taken 1467 apples, Welghmg 222
pounds (averaging thus 2.40 oz. per apple), in the main sym-
metrical, clean skinned and of good quality —certainly much
the finest yield of fruit obtained from this tree during the three
years I have observed it. 175 (about 12 per cent.) of these
picked apples were affected with rot, seven of them being en-
tirely invaded, and the remainder in varying degrees.

From the check tree were taken 748 apples, weighing 53
pounds (averaging 1.12 oz. per apple). They were very irregu-
lar in size, often unsymmetrical, and the best of them were
scarcely worth gathering. 352 (47 per cent.) of this lot were
rotting, 51 of which were entirely destroyed.

Throwing out the rotting apples of both lots we have there-
fore from the sprayed tree 1292, and from the check tree 396
apples not affected with rot, there being a trifle over three times
as many apples from the former as from the latter. But since
the apples of the two lots differed widely in size and quality, a
better idea of the result will be obtained from a comparison by
weight. Estimating from the average weight of apples from the
sprayed tree we get for the 1292 apples about 194 pounds, and
in the same way, estimating from the average weight per apple,
we get for the 396 apples from the check tree a total weight of
28 pounds, the check tree thus yielding by weight about one-
seventh the product of the sprayed tree.

Summary.—It remains to bring together in one paragraph for
the sake of clearness the general results of the spraying. The
whole number of apples examined, including both fallen and
picked, was for the sprayed tree 1,955, of which 358'(about 1857
per cent.) were affected with rot. The total number of apples
from the check tree was 1,143, of which 567 (about 49§ per
cent.) were more or less injured by the rot-fungus. Hence, if
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the sprayed tree had been affected with rot to the same extent
as its check, it would have lost about 968 apples instead of 358.
In other words, 31% per cent. of the whole number of apples
borne by the sprayed tree during the season were saved from
the rot.

Keeping in mind the fact that this is a single test on a single
variety, we may consider that it proves, as far as it goes, that
spraying with Bordeaux mixture, in connection with the re-
moval of all dried up apples on the twigs, results in the follow-
ing benefit :

1. An increase in the size of leaves.

2. A prevention of the spot disease of leaves.

A prevention of the growth of the scab-fungus on leaves.
An increase in the size and weight of the apples.

An increase in the number of apples.

A lessening of injury from rot.

S ok

EXPERIMENTS 444 AND 445.

Two young Ben Davis trees were selected for this test. They
have always been among the most thrifty trees in the orchard,
and stand near each other in the Same row. The sprayed tree
(444) has the appearance of being somewhat smaller, but in
most respects the two are as much alike and as well suited for
the purposes of an experiment as could be desired.

The withered fruit was not removed from.these trees, and
they received no attention until May 23, though they had
been sprayed for codling-moth somewhat earlier. On May 23
No. 444 was sprayed with two gallons of Bordeaux mixture.
On June 6 three gallons of the mixture were applied by spray-
ing to the leaves, and on July 6 the same tree received four
gallons of the mixture. It received no further treatment. The
leaves were made quite gray with the lime and copper, and re-
tained this hue until they fell in the autumn. There was a
noticeable difference in the condition of the leaves of the two
trees with respect to the spot-disease, but it was not as evident

~as in the case of experiments 442 and 443. There was no per-

ceptible difference in the size of the leaves, and I am therefore
disposed to attribute the splendid condition of the foliage on
No. 442 as comparaed with No. 414 to the spraying done before
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the leaves appeared and to the removal of the withered fruit.
The leaves on 444 were, however, at all times in good condition,
and were retained longer in the fall than were those on the
check tree. The spot disease was started on both trlees before
the first spraying, and made perceptible progress during the
season on the check tree, invading and sometimes completely
destroying leaves. I could not see that there was any very
marked spread of the disease on the treated leaves. In the fall
when the apples were removed the check trea had lost many of
its leaves, some of the branches being quite naked. A% the same
time the leaves on the sprayed tree were more abundant and
more uniformly distributed on the branches.

Fallen Apples.—As in the experiment already reported, the
first examination of fallen apples was made on June 17, when
99 apples were collected under the sprayed tree and 53 under
the check tree. Doubtless, as in the other cases, most of these
were anples which failed to set and were not brought down by
any special disease. . At several subsequent dates of examina-
tion a smaller number of apples was examined, but with a
gradual increase in the number, reaching in the case of the
sprayed tree a maximum of 118 on September 9. after which
date there was a very gradual decline until the time of picking
the apples, when 51 were taken under the sprayed tree. In the
case of the check tree the increase in numbers of fallen apples
continued until August 27, when 174 were collected for exami-
nation, and afterwards a tolerably steady decline occurred, 38
being examined on the day of picking.

By reference to Table I, it will be seen that at each date of
examination, up to and including September 2, a larger number
of apples occurred under the check than under the sprayed tree.
By this time most of the apples had fallen from the check tree,
and on subsequent dates the relation was reversed, the sprayed
tree from September 9 until September 30 losing the most fruit.
From June 17 to September 30, the sprayed tree lost a total of
562 apples, while during the same period the check tree lost
1181 apples. A comparison of these totals with the entire
number borne by each tree shows that the fallen apples from
the sprayed tree constituted about 46} per cent. of the entire
crop, while the check tree lost nearly 85 per cent. of all its fruit.
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From the above it appears that the Bordeaux mixture kept from
falling something like 39 per cent. of the whole crop, and that
the apples which fell, notwithstandiog the spraying, were re-
tained longer on the ‘tree than they would otherwise have
been. :

Rot in Fallen Apples.—The rot appeared on fallen apples
from the sprayed tree more tardily than on the check, less than
a fourth of the apples down on August 2 being affected, while
at the same date of apples collested under the check tree nearly
44 per cent. were rotting. The record of examinations of apples
from the two trees is very similar to that of 442 and 443. The
same gradual increase in the number of rotting apples was ob-
served, with larger number of decaying apples generally in the
lots from the check tree. From the sprayed tree were obtained
187 affected apples, constituting about 35% per cent. of all those
which fell. TUnder the check tree we found during the sum-
mer 594 affected apples, or about 50 per cent. of all the fallen
fruit. ‘

Picked Apples.—The apples were taken from these two trees
September 30th, the sprayed tree yielding 655 apnles, weighing
112 pounds, the check tree, only 213 apples, weighing 37%
pounds. Among the former were only 11 apples (about 14 per
cent.) affected with rot. - Among the 213 from the check ftree
were 54 (about 252 per cent.) bearing more or less trace of rot.
Omitting the rotting apples from both lots, we have as a result
of the spraying 644 apples on the treated tree and 159 on the
check. Oddly, the average weight per apple of the check lot
was a trifle greater than that of apples from the other tree.

~ This may have been due to one or more of several causes. I

am disposed to think it was a result of the fact that the apples
had nearly all fallen from the check tree, leaving at the last
only the more vigorons ones clinging to the branches, while on
the other hand the sprayed tree retained apples of all sorts
more persistently.

BEstimating from the average weight per apple, we get for the
sound apples taken from the sprayed tree a total weight of 110
pounds, as against a fraction over 28 pounds for the check lot.
The sprayed tree consequently bore 82 pounds more sound fruit
than its check.
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Summary.—No. 444 yielded during the season, including
. fallen and picked apples, a total of 1,217 apples. The check,
No. 445, yielded a total of 1,394 apples of all sorts. Under the
sprayed tree and from it were taken 209 apples (17} per cent. of
the whole number) affected with rot, and from its check 648
(393 per cent.) rotting examples were obtained, from which it
is apparent that 22/ per cent. of the whole number of apples
on the sprayed tree were kept from rotting—that something
more than twice as many apples would have rotted if the tree
had not been sprayed. The following may be given as the gen-
eral result of the spraying in the two experiments :

1. A prevention of much of the spot disease on the leaves.

9. A prevention of the growth of the scab-fungus on the
leaves.

3. A lessening of injury from rot.

4, An increase in the final yield of sound apples.

EXPERIMENTS 446 AND 447.

Two more trees were selected for experiment in the spring of
1892, and were treated exactly as were 444 and 445. They were
russets, and both were of rather larger size thap the trees used
for preceding experiments. The treated tree received in all
nine gallons of Bordeaux mixture,—2.gallons on May 23, 3 gal-
lons on June 6, and 4 gallons on July 6. The effect on the
leaves of the spraying was, as in the other tests, decided, but
was not so evidently in favor of spraying as in 442 and 443, in
which, it will be remembered, the first application was made
before the leaves came out. The spot-disease was started on
both trees before the bluestone was applied, hence the most that
could be expected was the checking of its spread among the
leaves. The effect of the-mixture in preserving the leaves was
seen in the latter part of August, when the upper leaves of the
sprayed tree had been deprived largely of the mixture by rains.
These leaves began to turn yellow and fall soonest, so that the
branches became almost bare, while the lower branches still re-
tained a full load of leaves. The leaves on the sprayed tree
averaged the larger. In notes made August 27, the condition
of the foliage is described as follows:

Exp. 446.—Leaves good in the main; some turning yellow;

O m A & = My 4 & A=+ 4 BEh

rh

P .



ding &
eck, P

* the

t. of
648 |

ch it
yples

hing |
tree |
gen- |

the |

ng of
were
used
n all
3 gal-
n the
[, but
i3, in
made
3d on
b that
g the
S was
if the
rains.
at the
ill re-
L tree
1ition

sllow ;

REPORT OF AGRICULTURAL EXPERIMENT STATION. 45

some spot-disease ; some fallen. Bordeaux mixture thick on
lower leaves, mostly gone above, where leaves are thinner also.

Exp. 447 (check).—A scant load of leaves, many having
fallen ; branches in places bare from this cause. Spot-disease
rather common.

Fallen Apples.—The rate at which the apples fell from these
trees agrees in the main with that of the other trees tested. The
sprayed tree retained its fruit longest, the fallen apples rising
to a maximum of 500 on the 9th of September, whereas, its
maximum number of 284 was reached by the check tree August
27. These apples should have been picked not later than the
first of September. It was delayed until September 30, by
which time most of them had fallen, the number from the check
tree being at this date a trifle the larger. The apples which fell
during September were fully grown, and of as good quality as
those finally taken from the branches. Under the sprayed tree
were collected, up to and including September 30, 1,622 apples
as against 1,100 apples taken beneath the check, the latter -hav-
ing thus what looks like an advantage in the matter of keeping
its fruit; but, as already explained, there were among these,
apples which should properly have been picked, and the rate at
which the fruit fell from the two trees shows that the spraying
served to keep the apples from falling. As it stands, about
903 per cent. of the whole number_borne were dropped by the
sprayed tree, and 864 per cent. of the lot borne by the check
tree fell, giving a difference of 32 per cent. in favor of the check
tree. :

If the apples had been picked, as they should have been,
August 27, we should, up to and including that date, have col-
lected beneath the sprayed tree 606 apples, constituting 39 of
its whole crop, and 569 apples from the check, constituting
44.7- per cent. of its whole number of apples. This would have
reversed the relation, giving an advantage of 8% per cent. to the
sprayed tree, a result in close accord with those obtained in the
other experiments.

Rot in Fallen Apples.—The 593 apples, showing traces of
rot, which were collected between June 17 and September 30
under the sprayed tree, make about 39 per cent. of the whole
aumber of fallen apples. Five hundred and twenty rotting
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apples, 47 per cent. of the whole number down, were col-
lected under the check tree. The advantage in the matter of
rotting is thus 8% per cent. in favor of the apples collected
under the sprayed tree.

Picked Apples.—It has already been explained that the
apples had nearly all fallen off these two trees when those re-
maining on the branches were picked. We took September
30th from the sprayed tree 164 apples, weighing 27 pounds, and
from the check 172 apples, weighing 293 pounds, giving a differ-
ence of 2% pounds in favor of the check tree. Although the
check tree had thus an advantage by number and weight, when
we come to consider the proportion of rotting to sound apples,
we find again a difference in favor of the sprayed tree, only
94.5- per cent. of its fruit being affected, while 33{; per cent. of
the check lot showed rot. ;

Properly, we should consider all the apples which fell from
these trees after August 27 as a part of the crop to be harvested,
and if we include these with those which were actually picked

“we get 1080 apples as the final yield of the sprayed tree, and

703 as the yield of the check. This, it will be seen, brings the
result of the experiment more nearly into accord with the
others. During this period 39} per cent. of all apples from the
sprayed tree showed rof, and 501 per cent. of those from the
check tree were affected. Omitting, as was done in considering
the other experiments, all of these rotting apples, we should
have from the sprayed tree 657 sound apples, weighing about
91 pounds, and from the check 350 apples not showing rot and
weighing about 48 pounds. We get thus a difference of 43
pounds of sound fruit in favor of the sprayed tree.
Summary.—The yield of fruit, including fallen and picked
apples, was in this instanee considerably greater for the sprayed
tree than for its mate. We examined during the season from
No. 446, 1686 apples, and from 447 only 1,272, but the percentage
of rotting to sound fruit was as in the other cases in favor of

the sprayed tree. 37% per cent. of the whole number of apples |

from the sprayed tree showed rot. 453 per cent. of the check
lot were decaying. The difference, 74 per cent., stands to the

credit of the Bordeaux mixture.
In some respects this was the least satisfactory of the tests
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made. The large size of the sprayed tree, especially the wide
extent of its branches, may have made the difference by pre-
venting the same thorough application of the mixture to the
leaves and fruit that was made in the other cases. Whatever
the cause may have been, it did not affect the general resulf,
and we may say of this test, as of the others, that the spraying
produced a better condition of the foliage, a larger number of
usable apples, and a smaller percentage of injury from rot.

[z ' i
| 743
[ #u4 J )
Rz gt e

| #4¢

[ «47

Diagram representing vhe apples borne by each of the six
trees under observation, the black showing the percentage of

. rot. qpmved 443, check on 442 ; 444, sprayed ; 445, check

pples |
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on 444, 446, sprayed ; 447, check on 446.

GENERAL SUMMARY.

The results of each experiment have already been given. It
remains now to call attention to the features in which these re-
sults differ and agree among themselves, for by this means we
shall approach the average result, and may hope to learn some-
thing of what could be done by spraying an orchard consisting
of trees of various sorts.

In the first place all the tests show an improved condition of
the foltage. The leaves of two of the sprayed trees (442 and
446) were larger than those of their respective checks, and in
all three of the sprayed trees they were more perfect, being less
injnred by insects, by the spot disease, and by the scab-fungus.
Throughout the summer the trees to which the mixture was
applied were more thrifty in appearance, owing”to the more
healthy green and better general state of the foliage. In every
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case the leaves began to fall sooner from the checks than from
their mates. The improved condition of the leaves must have a
decidedly beneficial effect on the quality and size of fruit, and I
am disposed to think the final increased yield of fruit from the
sprayed trees was due in no inconsiderable extent to this indi-
. rect effect of the Bordeaux mixture, and not solely to its direct
effect upon the rot-fungus. 1n the matter of its foliage No 442
was in much the best condition of the three, was in fact very
much the finest looking tree in the orchard. The improved re-
sult in this case was, I am satisfied, due to the difference of
treatment, i. e., to the removal in the case of 442 of the old
apples from the branches and the application of the mixture
before the leaves were expanded. ’

Spraying could only influence the total number of apples of
all sorts borne by a tree when it is applied before the leaves and
blossoms are out. In the only case in which this was done the
total number, 1,955, was not only largely in excess of the num-
ber from the check tree, but exceeded the yield of every other
tree under observation. While a single test can not be con-
sidered proof that such treatment would’ always, or generally,
have the same effect, the presumption is, from the yery decided
result obtained in this case that the method employed in ex-
periment 442 will have the effect of increasing the total number
of apples.

The proportion of rotting to not rotting apples was in every
case lessened by spraying, and we are in a position to say as a
result of these experiments that spraying with Bordeaux mix-
ture will save from rotting from 74 per cent. to 31§ per cent. of
the whole number of apples. Here again the result is decidedly
in favor of spraying before the leaves are out, the number of
apples saved being 10 per cent. greater for No. 442 than for the
best of the other trees.

The result in usable apples is the crucial test of the experi-
ments. From No. 442 were obtained 194 pounds of usable ap-
ples; from its check only 28 pounds, giving an excess of 166
pounds in favor of spraying. From No. 444 we took 110 pounds

of good apples and from its check only 28 pounds, the difference

in favor of spraying being here 82 pounds. From No. 446 were
secured 91 pounds of good fruit and from its check 48 pounds,
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the sprayed tree having the advantage by 43 pounds. In other

- words, the spraying increased the yield of nsable apples from a
" little less than two-fold to nearly seven-fold. The average of the

increased weight due to spraying for the three treesis 97 pounds,
which may fairly be considered the increased weight of usable
apples which can be expected from trees of all sorts as a result
of spraying. In an orchard ‘of 500 trees we might, therefore,
expect to increase the weight of usable apples 48,500 pounds.

EXPLANATION QF THE PLATE.

Fig. 1.—Showing the apples picked September 30 from No. 444 (sprayed tree).
From a photograph.
Fig. 2.—Showing the apples picked September 30 fron No. 445 (not sprayed).
From a photograph. '
4—6 E. 8.
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TABLE I—Giving the Results of an Examination of Fallen Apples From Six Trees.
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APPLE-SCAB.

While the experiments with Bordeaux mixture were under-
taken primarily for the purpose of learning what effect the
preparation would have on the rot-fungus, several minor objects
were kept in view, one of which was to learn the extent to
which scabbing of the fruit would be prevented. It has already
been stated that the scab fungus was less abundant on leaves of
number 442 than on those of number 443, its check. The fruit,
also, was less injured by the fungus on the sprayed tree than
on the check. No detailed record of the relative injury was
kept. The scab-fungus did not appear on the russet trees (446
and 447). It was apparent on both of the Ben Davis trees (444
and 445), and record of its injury was made from September 2
to September 30, inclusive. :

Under number 444 during this time 338 apples were collected,
58 of them more or less scabbed. On September 30, from this
same tree, we picked 655 apples, of which 62 showed the scabbed
skin. Welthus obtained a total of 993 apples with 120 (124; per
cent.) scabbied ones among them,

Under the. check tree, number 445, apples to the number 332
were examined, of which 189 were scabbed. 213 apples were
. picked from this tree, having among them 170 with scabbed
surface. Of the total number (545) examined from the check
tree, 859 (659 per cent.) were scabbed.

On two ocyggsions, May 23 and June 6, atter spraying the trees
upon which “l,e were making regular observations, the surplus
Bordeaux mixture was sprayed upon a janet tree which stood
near, being one of several in a row. It was noticed from time
to time, that its leaves and fruit appeared to be in better con-
dition than those of its fellows of the same variety, but it was
given no further attention until the time of picking on October
8, when the apples from this tree and those from another one as
nearly like it as could be found were compared. [t was found
that the apples on the sprayed tree averaged considerably larger
and were comparatively but little injured by the scab. Of 143
pounds of fruit from this tree 45} (31{; per cent.) pounds were
scabbed.
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The apples from the check tree were almost worthless, being
small and misshapen, and of 67 pounds taken from the tree
there was not a single apple that was not scabbed.

It is believed' that the scab-fungus lingers about the trees
in the form of spores during the winter, and hence the early
spraying practiced in the case of No. 442 might be expected to
prove more effective even than applications made later in the
season. The scab gets an early start, and trees on which its in-
juries are severe ought at the latest to be sprayed as soon as the
fruit is set. Two sprayings early in the season ought to prove
sufficient. A single spraying before the leaves expand would
probably do much to lessen injury from the disease.

CODLING MOTH.

It has been claimed that the gnawings of insects ocecasion
much of the rot which invades and destroys fruit: In early
{imes insects were thought to be the direct cause of’ the decay.
Rotting patches were so frequently observed aboqi: the punc-
tures made by curculios and other insects that if was a very
natural supposition that the admission of the air and moisture
from without was all that was necessary to induce decomposi-
tion. With a better knowledge of the parasitic fungi, we are
now in a position to assert positively that these _atter are the
primary cause of several of the rots, and that as far as such
rots are concerned the gnawings of insects have only the indirect
effect of admitting the fungi to the frait. Of course where the
rot-fungus is dependent upcn such accidental openings for
access to fruit the work of insects is an important factor in
causing decay. This appears to be the case with the brown rot-
fungus of peaches, plums and cherries. There can be no doubt
but that insects are important agents in giving this rot a start,
and remedies for it should consequently always take insect in-

jury into account.
The spread of apple rot due to Glasporiwm one would sup-
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pose on general principles to be also greatly influenced by insect
injury, but from its habit of entering apples at the eye, breaks
of the skin are not essential to if, and the work of the codling-

_ moth influences its spread less than would have been expected.

Tf the mining done by the codling-moth tends to increase the
destructive work of this rot-fungus, we should find, with an in-
crease in the percentage of injury by codling-moth, an increase
alsoin the percentage of injory from the rot fungus. The apples
examined last summer give us_no very safe foundation for a
conclusion on this point; for no just comparison can be made
between a sprayed tree and one not sprayed, because of the posi-
tive effect of the Bordeaux mixture in checking the rot; nor
can a comparison between trees belonging to different varieties
be expected to give a decisive answer as to this question. Some
valieties are more susceptible to codling-moth injary—more at-
tractive to the insect ; and the same is true of the fungus, certain
kinds of apples being generally badly infested, while others are
much less so. A just comparison could cnly be made between
trees of the same variety, all of which were either sprayed or
not sprayed. However, an examination of the tables accom-
panying this paper will throw some light on the relation between
the two kinds of injury. ‘ :

Taking the sprayed trees first. we find that the percentage of
codling-moth injury was greatest on No. 446, and that this tree
had also the highest percentage of injury from rot, which, as
far as it goes, is evidence in favor of an increase in rotting with
an increase in codling-moth injary ; but the next highest injury
from the insect (on No. 444) is accompanied by the lowest per-
centage of injury by rot which occurred on any of the sprayed
trees, No. 442 having a slightly higher percentage of injury by
rot than No. 444, with a lower relative injury by the insect.

A comparison of the unsprayed trees gives a somewhat differ-
ent result. The highest percentage of injury by codling-moth
occurred on 447, and was accompanied by the lowest injury
from the rot. Number 445 comes next in order witn a percent-
age of injury by codling-moth considerably lower than number
447, but with a liigher percentage of rotting apples. Number
443 completes the series with the lowest rate of injary by motb,
and the highest rate of injury by rotting. Here we have just
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the reverse of what would have been expected—a regular increase
in rotting with a decrease in 1nsect injary. When we remem-
ber that we found a similar relation of the two kinds of injury
on two of the sprayed trees (444 and 442), it begins to look as if
the injury from codling moth lessened the injury from rot. But
we can not entertain such a conclusion for a moment when we
know the readiness with which the spores of the fungus grow
whenever they fall upon the exposed substance of an apple.
The mining of the codling-moth must inevitably increase oppor-
tunities for the rot to invade the fruit, and it remains to de-
termine to what extent the work of the insect does increase the

rotting.

THE CODLING-MOTH AVOIDS ROTTING APPLES.

The truth of the matter is that the female codling-moth, when
depositing her eggs, avoids those apples which have the rot
started at the eye, and selects the best fruit within reach. In
short, the rot-fungus is a sort of rival to the codling-moth, al-
though the work of the latter is rather favorable than otherwise
to the fungus. This explains the fact that in every case of ‘e
duced injury from rot as the result of spraying there was last
summer an increase in the percentage of injury from the moth-
The insects placed their eggs upon the fruit most likely to reach
maturity and give ‘the young a chance to attain their growth.
The rotting or otherwise injured apple is not so likely to give
the young this opportunity, and the instinct of the moths guided
them in avoiding such fruit. Thissupposes the rot to have pos-
session of the field when the moth is ready to plaee. its eggs.
And it may be objected that since the egs of the moths are laid
in the calyx end of the apple as soon as the latter is formed,
and since the rot does not make its appearance until some time
later, that the rot fungus can have no such influence on the
work of the moth as I have suggested.

In the case of the six trees under observation last summer it
was certainly true that the first brood of codling-moth was not
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influenced in this way by the rot. In fact this brood did very
little harm to apples on the trees selected for my experiments.
But we have, it seems, to provide at this latitude for the in-

. juries of a second brood of the codling-moth, which last sum-

mer appeared long after the rot was started, and did its woxst
injury to the apples when these were nearly ready for use.
Neither the spraying with Paris green given early in the spring
nor the Bordeaux mixture had any perceptible effect on this
brood, and an inspection of the tables will show that the worst
harm was done-in every case on the sprayed trees.

Thus number 442 had 405 per cent. of its whole crop affected
with codling-moth, and its check had only 26 per cent. af-
fected. Number 444 showed an injury from codling-moth
amounting to 444 per cent. of its whole crop, while number
445, the check tree, showed 86; per cent injury. On 446 the
injury amounted to 67 per cent. while on 447 it reached only
62+4 per cent. of all the apples. We are thusdriven to the con-
clusion that the insects selected the trees bearing the finest fruit,

‘and that they avioded the apples already invaded by rot. If

the second brood continues in future to be as destructive as last
season it will be necessary to adopt other means of combating
this pest than by spraying trees in early spring, for it is evident
that spraying at that time is only calculated to check the in-
juries of the spring brood. ‘ ;

-

CONCLUSION.

The conclusions to be drawn from the data contained in the
preceding pages have been incompletely, presented in the differ-
ent sections of this paper. As a matter of convenience it may
now be advisable fo bring together what the author considers
the important results of the experiments, considering the effect
of spraying on injury of all sorts, insect and fungus.

1. The advantages of spraying may appear at first thought to
be to some extent offset by the higher per cent. of codling-moth
injury which occurred on the sprayed trees. Practically, this
result has not the importance that might at first appear. In-
sects always concentrate where they find the most abundant
supply of suitable food. The fact that the codling-moth con-
gregated on the sprayed trees is consequently evidence that the
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treatment greatly benefited the fruit. If we keep it in mind ‘ th
that the spraying did not increase the number of codling-moths [ in
in the orchard, but only led them to desert the poorer fruit of |
unsprayed trees for the befter fruit of sprayed trees, it will be |

clear that if we had sprayed the whole orchard, no increase of | P
injury would have been witnessed, because the moths would, E of
under the circumstances, have remained scattered. None the | 3,
less, it is important that some means of combating the second | th

brood of moths should be found, and in the absence of experi-
ments showing what can be done, I would suggest the use of
Paris green, to be applied not earlier than July 1, in the pro- |
portion of one pound to 160 gallons of water.

2. The improved condition of the foliage is a gain which is St
not to be overlooked, since it is caleculated to have a most bene- | as
ficial effect on the fruit. It seems to be an invariable result of = fi
spraying. a

3. The spraying prevented premature falling of both leaves fc
and fruit.

4. The increased weight of apples yielded by the sprayed | fc
trees is its own commentary on the good effect of spraying. -

5. In only one case was there a decided increase in the size of |
apples (on No. 442), and this was where the tree had been
sprayed before the leaves were out, and the old apples had
been removed. On the trees mnot so treated no difference of
consequence was observed between apples from sprayed and
check trees. We must conclude, therefore, that the single case
of increased size was the result of the early treatment, or else,
as it easily might be, was a chance occurrence, due possibly to
some difference in the condition of the trees. I am disposed
to think it the result of the treatment in thi’s case, but have no
ground for insisting on this view other than that the two trees
had been observed with some care for several seasons, and no
special difference between their fruit or foliage -was observed '
during seasons preceding that of 1892. However, it is a matter

to be settled by further experiment.
6. The diminished injury from scab was decided, and is an

important gain. The result was invariable on trees affected

with this disease.
% To learn the effect of Bordeaux mixture on apple rot was
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the main purpose of the experiment. The results were always
in favor of spraying. :

Norr.—The Bordeaux mixture was applied with a Climax
Pump, No. 2, made by the Nixon Nozzle and Machine Company,
of Dayton Ohio. For a figure and description see circular No.
3, April, 1890, of this Station: The mixture was prepared by
the following formula :

a. 22 gallons of water.

b. 6% pounds of bluestone.

¢. 8% pounds of fresh lime.

Dissolve  in three or four gallons of hot water taken from the
supply @. Slake thelime, and make of it a paste about as thick
as cream. Now stir the latter into the bluestone solution, and
finally turn the whole into the remaining water. The prep-
aration may be applied with great freedom without injuring
foliage.

I have to thank Mr. J. 8. Terrill, assistant in my department,
for help in spraying-and making examinations of apples.

BULLETIN No. 45.

FIELD EXPERIMENTS WITH FERTILI ZERS.

1. WirtH CORrRN.
9 Wirta POTATOES.
3 WirH ToBACCO.

Summary.
Results obtained in 1892 are almost identical with those of

the last four years, that is—
First.—Wherever potash was one of the ingredients of the
fertilizer used, whether on corn, tobacco or potatoes, there was

an increased yield.
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Second.—That where phosphoric acid or nitrogen, or both,
were used without potash, there was scarcely any increase in
yield over those plots receiving no fertilizer. '

Third.—That there was a profit in the use of fertilizer in
every instance where potash was one of the ingredients.

Fourth.—That there was a loss by the use of fertilizer where
potash was not one of the ingredients, except in the tobacco
experiments. :

Fifth.—That potash fertilizer applied on corn has shown its
effect for four seasons after the application.

Experiments in Detail.

Tar SEAsoN.—The season was an average one for the growth
of corn.

The following table gives the summary of rainfall, the mean |
temperature, and the average per cent. of sunshine during the |

months of April, May, June, July, August, September and Oc-
tober :
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Beptanabar-ts s i e e sk e el 4.10 68.4 | 63
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Tae Soin.—The soil of the Experiment Station Farm is what
is termed a ** Blue Grass’’ soil. It is derived from the Lower
Silurian limestone, rich in phosphoric acid. The subsoil is a
ligcht colored clay, so retentive as to make the soil deficient in
natural drainage. The land is worn, having been in cultivation
for many years. It is believed that no stable manure or other
fertilizers were applied before the farm was purchased by the
Station.
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EXPLANATIONS.

The leading elements of plant food are nilrogen, phosphoric
acid and potash. Plants feed on other soil-elements besides these,
and they are just as essential to plant life as these three, but
generally speaking all but these ingredients are furnished to
plants in abundance, and therefore in stndying what to put
on our soils to make them more productive, we need concern
ourselves with only these three. Commercial fertilizers are
manufactured and sold for the purpose of supplying nitrogen,
phosporic acid and potash, and the market prices depend upcn
these ingredients. Some fertilizers contain one of these ingredi-
ents, some two, and some all. Generally speaking, a commer-
cial fertilizer is a mixture containing two of these ingredients,
and sometimes all ; the propoitions varying greatly in the vari-
ous brands, and often in the same brand. It isat once seen to
be a very difficult, if not an impossible task, to test all the
various brands sold on a given soil in order to find out those
that produced the best effect. It is an easy matter, however,
to find out whether a given soil needs potash, phosphoric acid
or nitrogen, or any combination of these elements, for a given
crop. Having found out this by experiment, we have only to
look to the analyses of the various fertilizers to tell which brands,
if any, could be used to advantage on the soil and crop tested.
If the experiment proved that potash was all that was needed
on a given soil for the corn crop, all those fertilizers whose ana-
lyses show little or no potash would not produce favorable re-
sults, under whatever name sold.

CORN.

The field used for the fertilizer experiments was the same as
that used for the experiments heretofore. The plots receiving
no fertilizers the past years received none this year, and like-
wise the plots receiving fertilizers during the past years received
the sams kind in each case this year. The field in question is
nearly level, slightly sloping lengthwise of the plots. Size of
plots, one-tenth of an acre. The plots were treated exactly

~ alike, except as to fertilizers, care being taken to plow the en-
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tire acre the same day at every working. The hills were thinned
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to two stalks.

The following table shows the Kind of fertilizers applied to
the various plots, their amount calculated per acre, the number
of pounds of leading elements of plant food applied. per acre, |
and the per cent. of these elements in the various fertilizers : S

TABLE I.—Showin

* I9q N N

()

oo

10

{.
{
{
{
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FrrriLizer USED. i
|

No Fertilizer .
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Dry Dirt . .
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Dry Dirt. . .+ &
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Nitrate of Soda .
Dry Dirt .

No Fertilizer . .

| Dry Dirt . .

f

Acid Phosphate . .

| Dry Dirt . .

f Nitrate of Soda .

1 Dry Dirt . . .
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By relerence to the table it will be
containing 40.7 per cent. of available phosplioric acid was used
to supply that ingredient, muriate of potash containing 50 per
cent. of potash for potash, and nitrate of s.da containing 16 per

cent. of nitrogen to supply nitrogen.

seen that acid phosphate
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FIELD NOTES.

Plot No. 2. Growth fair; irregular in height ; September 1st,
fair ; stalks of gooa size ; blades dying some.

Plot No. 3. August 2d, very fine stalks, very tall, dark green
in color, leaves green to the ground, all tasseled and silked ;
September 1st, stalks very large and heavy, with good, long,
heavy ears; grain getting hard ; leaves green to the ground.

Plot No. 4. August 2d, not so good as Plot No. 3, but much
better than Plot No. 2; September 1st, stalks small but tall,
with good, heavy ears, blades mostly green.

Plot No. 5. Not as far developed as average plots; about
one-half silked ; September 1st, falling down to some extent ;
growth irregular; some ears large, others small ; ripening ir-
regularlv.

Plot No 6. August 2d, good, all tasseled ; color fine dark

green ; September 1st, a very fine lot. very tall ; ears very
o b ® b Y b

long ; grain hardening.

Plot No. 7. August 2d, low, irregular, only about one-half
tasseled ; September 1st, only medium, some stalks fallen, leaves
drying up.

Plot No. 8. August 2d, good, all tasseled and silked ; leaves
fired but little at the bottom ; September 1st, good, all stand-
ing ; blades dried up as far as the ears, green above ; stalks
very tall ; grain getting hard.

Plot No. 9. Angust 2d, growth very irregular ; partly ftas-

seled : leaves firing at the bottom ; irregular as to stalks ; ears

generally good ; leaves drying up.

Plot No. 10. Augast 2d, low, irregular, about one-half tas-
seled with some silks ; blades firing at the bottom ; September
1st, very irregular ; some good ears, most, however, are small;
stalks somewhat fallen.
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TABLE 2.—Showing Results of Fertilizers on Corn.
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The financial results obtained by the use of the fertilizers in
various combinations may be seen in the following table. The
acid phosphate costs at the rate of $2.95 per acre, the muriate of
potash $3.68, and nitrate of soda $3.6). In these estimates the
corn is rated at 40 cents per bushel :
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TABLE 3—Showing Financial Results.
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* Lioss.

THE PERMANENCY OF EFFECT OF POTASH FERTILIZERS.

The object of this experiment was to show the length of time
potash fertilizer would remain in the soil and still be available
as plant food. This series was begun in the spring of 1888 with
the purposs to test the comparative value of different Kinds of
phosphoric acid fertilizers, but finding our land unsunitable, it
was determined to use these plots to test the effect of potash
fertilizers.  In 1888 no fertilizer was put on Plots 2 and 11. Lut
on each of the other plots was applied the following: Sulphate
of potash, 16 pounds ; sulphate of ammonia, 26 pounds; dried
blood, 10 pounds.

The following table shows the subsequent application of fer-
tilizers where used on these plots :

b—6 E. s. : o
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TABLE 4.—Permanency of Effect of Potash Fertilizers

‘ Number of Pounds of Potash Applied Per

* 12
C
o 1 l‘ Acre
* § " FERTILIZER USED. ;‘#' e A e SR s SO e
l ‘ 1889 | 1890 , 1891 1892 - l 1888
= T | i |
O SN DR R O b Z BT, iy o st v e Sl e 1 et Sohe k S
3 | Cotton Seed Hull Ashes. . . . 115 \ \ A il
|
4 | No Fertilizer since 1888. . R SR e 78.4
5 | Muriate of Potash . . . . . . 100 ‘ 80 80 80 78.4
6 | Sulphate of Potash . . . . . - 106 '\ s ; 78.4
T TG R e e e i SRR 100ESEE RaE Siieie R )| 78.4
!
8 | No Fertilizer since 1888 . . ; ]l ; : ‘ 78.4
9 l Tobacco Stems . . . - . + . - 120 Il 120 120 120 78.4
10 | No Fertil zer since 1888. . SRR, 78.4
11 | No Fertilizer . . . . - . - ‘ ] S

Boes A | e ROEROE RS  Nes
The table whicn follows gives the yie d of ear corn calculated
per acre for each of the plots for the years 1888 to 1892 inclusive:

) TABLE 5—Permanency of Potash Fertilizers—Yield of Corn
= e
(=]
; Yierp or BEAr CorN PER ACRE IN BusHELS.
4
3 | |
s 1888. 1889. 1890. } 1891. | 1892.
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TABLE 6.—Permaunency of Potash Fertilizers—Increased Yield.

OE ! INCREASED YIELD OvVER THE MEAN OF THE UNFERTILIZED PLOTS.
o .«
> \ 1888. 1889. | 1890. ﬁ 1801. 1892

| 4 : [ s SR
2 s A o T ; ..............
3 | 87.5 4.5 | 37.2 | 21.1 23.2
4 i 53 8 35.5 -97.2 @ 17 6 10.9
5 L 47 42.5 35.2 | i o 97.2
(il 48.8 44.5 27.2 | 19.6 ? 91.8
7 46.4 42.5 20.2 | ol 21.8
8 | 50.1 33 5 20.2 2 14.6 % 7.2
9 ] 48.5 50.8 472 | 28.6 | 33.9
10 51 37.5 93.2 1374 i 8.8
s e e heed Bl R Y e e T ey

By a study of these tibles it will be seen that potash fertil-
izers applied in 1888 were of benefit to the crops up to and in-
cluding 1891, and even to some extent in 1892.

9. That those plots receiving fertilizer in 1889 and subsequent-
ly, still show its effect on the crop of 1892. It would seem
therefore that potash fertilizers applied to our soil in the quan-
tities given show their effect not only on the first crop, but
also on the three subsequent crops, and to some extent on the
fourth.

POTATOES. ¢

The plots used in studying the effect of fertilizers on potatoes
this year were the same that have been used for the same pur-
pose heretofore. The soil of plots number 1, 2, 3, 4, is appar-
ently a little more worn than plots 5, 6, 7, 8, 9, 10. The
explanation was given in Bulletin 922, and is as follows:

‘“The field in which plots 1; 2, 3, 4 were sitnated. is supposed
to have received no fertilizer until 1889, whereas the other por-
tion of the field is supposed to have received barn-yard manure
some eight or ten years ago.”’

The surface of the ground is comparatively level and the soil
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of the same general character as that on which the corn was
grown. Size of plots one-tenth acre each. Potatoes used for
seed were Northern grown Early Rose. Large potatoes were
cut into half and small ones planted whole. Potatoes were
planted 14 inches apart in the row, and rows three feet apart.
After the ground was well prepared with plow and harrow, the
rows were marked out with a small plow. Fertilizers used were
geattered in the row by hand and afterwards slightly mixed
with the earth by a brush. The fertilizers were applied and the
potatoes planted April 29th, 1892. The season was not a good
one for raising potatoes. For the amount of rain, sunshine,

ete., see page 60.
Table 7 gives the amount of fertilizers calculated per acre ;

also the yield of potatoes:
TABLE %7 —Effect of Fertilizers on Potatoes.

|
L
i

FerriLizer UskD. Comparative Scale.

* 101 J JO Iaquun N

spunng ‘eddy J9J junowy
ousng ‘0I10y 49 PPLA |

| w
el N0 “Rertilizar, ittt b er| T
2 i Nitrate of Soda. . . . . . 160 79,
a | Acid Phosphate. . . . . . 150 61

4 Muriate of Potash. . . . . 160 101.6 ‘

5| No Fertilizer . . 7.5 | pmm———
| R A S R ety $4
| [ Nitrate of STa)s it Sk irree 160 ) 65.9 i s
O | Acid Phospbate. . . . . . 150 | Hlas | RS
|
L ‘ f Nit’l.“t(\ ”t‘ H“(l“‘ T e o ]()'.‘ 0 n-l-.ul-n-—v‘.-v-—'-n‘v‘--‘p"" T 3
/1 Muriate of Potashr . . . 160 109.8 e s e
[ | ‘
| ( Acid Phosphate. . . . . . 150 S PR SR IE s
8 | | Muriate of Potash et 160 |" 124.7 ‘ PR
- Nitrate of Soda, . . o 160 ' “
9 | Acid Phosphate. . . . . . 150 % 16850 | O
l Muriute of Potash . . . . 160 ) 1
| |
l 85.7

10 No Fertilizer. .
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TOBACCO.

EFFECT OF FERTILIZERS ON TOBACCO.

The experiments were conducted on ten -}; acre plots. Char-
acter of the soil is the same as that on which the corn experi-
ments were made. The land is. considerably worn, and prior to
the experiments of 1889, had never received fertilizers of any
kind, and none have ever been applied to those plots which
received none this year. Fertilizers used were applied broad-
cast just before the plants were set. Plants were placed 18
inches apart in rows three feet wide.

Table showing the kind and amount of fertilizers used and the
effect on production of tobacco :

TABLE 8.—Showing Effect of Fertilizers on Tobacco.

= i [ < .
il FERTILIZER APPLIED. YieLp PER ACRE.
Z —— = o
E | [araTati e B e W e
| el Sl B
2 KIND. == 25 e b R
: S P »
1 | No Fegtilizer . . 340 | 300 | 640
[4fiNitrate of Sodn . . . ot &80 o q
Fal il aBlobil B e e e S 80 |+ 44074 .5 - Py it [ 900
8 | Muriate of Potash. . . . . . . 160 " {I~ 140 | 580 | 130 | 540 | 1,390
4 | Double S iperphosphate . . . . 140 18O e Vi 220 ‘ 400
bl 5o No  Berbilizers ol i ot o i, 14050207 Fa s A S 8000ESEA60)
Nitrate of Soda. . . . .« . . 80 | : \ ? ‘
S8V BT b R R R R s go Lil 800 | 500 | 80 400 | 1,280
l Muriate of Potash. . . . .. . 1(‘)()J i ‘ ‘
. 1 “ |
BN rat o0 S Ot et SRR e e 3()] \
7 .{H]:mrl o i T TR R S, ol 80| 480 |. . .| 370 880
| L Double Superphosphate . . . . \ l-lOJ i |
clEfsMianiatelo i RPotash s Ak s i 160 || e LRl
8 |4 A | - 80 | 540 20 400 ¢
| Double Superphosphate . . . . 140 § || .bd 1 1,140
(ENitrateiof Sodas s e s ok 80 )
| Blood : K0 . A
01 R4 00U e ebe )R e s aeis + s s e } e 9920 10 100 | 1,460
I Muriate of Potush. L Y 160 { || ° 5 &
{ Double Superphosphate . . . . 140 | ‘ 1
i .NilY':LLl‘ nr ;\Illll?l o' 'e . iy e “?'“ ‘ 1
| Blood : 160 | Al - i
10 |4 dishame g AT 1 ; 1.080 60 180 | 1,62(¢
| Muriate of Potash. . . - . . . 520 ‘ : ! PPt
 Double Superphosphate . . . . 280 J |i ‘ 1

—_— 5 i LT LS A
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il | FINANCIAL RESULTS.
i) Tt is somewhat difficult to calculate the value of tobacco raised
on the various plots on account of the difficulty experienced in

grading tobacco in such small quantities. In giving the value
to the crop, we estimate the value of red leaf at 12 cents, the

lugs at 6 cents, and trash at 2 cents.

TABLE 9—Showing Financial Results.

\

2 | [ B ow ferad 4] =
o | s SE | 18
- B (=] Ry =E =]

2 | Bl L e e

| || 5 8 =

2 | LENG S R =5 | &

‘ Frrripizer USKED. l = =5 =z 2 i
3 g b2 :
1 = 8 o o
\ @ o . A
R 5
‘ ) = ~

1 | No Fertilizer. . 346 .80 ‘ :

& { Nitrate of Soda. . V| @4 9 o o o

“ HiBlood . oo - ,I‘ $4.28 62.00 | $26.00 $21.72

: 3 | Muriate of Potash . . 1 3.68 10:3.00\l 68.00 | 65.32
l | !

4 | Double Superphosphate . . e ) 26.00 % i 2.95

| |

5 ‘l No Fertilizer. . ot 25.20 ! .

| \
i "Nim';:.te of Soda. . . v i
gElRE Bl oode o i ; 7.96 108.80 | 72.80 64,84
} l Muriate of Potash . ia)é| ;
; ‘ i
‘ J Nitrate of Soda. . . . . ] a i
o RIEBIe a0 S e e "] 793 ! 68.60| 82,60 | 25.87
‘; L Double Superphosphate . . ; J } I
i | % i
| { Muriate of Potash I e e ) e l 5
8 | | Double Superphosphate . . L oron g§2:00 ‘ 53.60 ‘ 46.97
| [ \
| ( Nitrate of Soda. . \ 3 1
0 G e e e i | L

q J | | 90 Y -

9 | | Muriate ol Potash f 10.91 | 126.80 \ 90 80 ‘ 79,89
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pery I J [
( Nitrate of Suda ., . ) {

10 ! Blood . N ooy e S -
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BULLETIN No. 46.

COMMERCIAL FERTILIZERS.

INTRODUCTION BY A. M. PETER.

The study of the chemistry of plants in comparatively recent
vears has established certain important facts, the knowledge of
which is necessary to the intelligent use of fertilizers, and es-
pecially of that class called ** Chemical,” or ‘¢ Commercial Fer-
tilizers.”’

PLANT FOOD DERIVED FROM SOIL AND AIR.

A growing plant increases in size and weight by constantly

~ adding to itself new material drawn from the soil and the air

through its roots and leaves. Aside from the water which plants
contain, the greater part of their substance is drawn from the
air. When a plant is burned, most of the substances that come
from the soil are left in the ash, except a very important one,
nitrogen, which is largely derived -from the soil ; and the small
amount of the ash, as compared with what was burned, shows
roughly how much more of the substance of the plant comes
from the air than from the soil.

IMPORTANCE OF SOIL SUPPLY.

Yet, although relatively small in amount, it is found that un-
less the soil is capable of furnishing certain substances in the
required quantity, and in a condition to be taken up by the
roots, plants will not thrive. The substances which are most
important in this respect, for the reason that they are most likely
to be deficient in soils or to become s0 by cropping, are potash,
nitrogen and phosphoric acid; and it is these that commercial
fertilizers are intended to supply, and they are referred to in our
Bulletins and analyses as the essential imgredients’’ of com-
mercial fertilizers. Even if the season is tavorable and the soil
otherwise in good condition, plants will not reach perfection
where any one of these substances is absent from the soil or de-

sy
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ficient in quantity, or exists in such an insoluble combination
as not to be taken up by the roots. :
To use commercial fertilizers intelligently and economically
then, a farmer must know— ~
First.—Whether his soil needs potash, nitrogen or phos-
phoric acid for the production of the desired crop.
Second.—What * essential ingredients’’ can be supplied by
the commercial fertilizers he can obtain.

HOW TO DETERMINE WHAT A SOIL NEEDS.

The best way to determine the first point is by field experi-
ments in which we apply ferfilizers containing each one, two, or
all three of the ‘‘essential ingredients’’ to separate plots of
equal size, say 1-10 or 1-20 acre; tend all alike during the grow-
ing season, and carefully harvest and weigh the crop from each
plot separately. By comparing the yields of the plots we can
usually determine whether the soil on which the experiment
was made is very deficient in one or more of the ‘*essential in-
gredients’’ of fertilizers. Experiments of this kind have been
miade at the Station farm with corn, potatoes, tobacco, wheat,
hemp and grass, and the results in detail have been published
in the Bulletins of the Station, to which we refer the reader.
Copies of nearly all of these Bulletins can still be furnished on

application.

GOOD RESULTS FROM POTASH ON THE BLUE-GRASS SOIL.

For lack of space we can only call attention here to the very
remarkable agreement of thess rasults for a series of years in
showing the benefit derived from a liberal use ot Potash fertil-
izers on the soil of the Station farm. In nearly every instance
potash produced a very marked increase in the yield, and in
some cases it was the most profitable fertilizer used. The use
of potash and nitrogen, or of potash, nitrogen and phosphoric
acid together, often produced a still greater yield, but the profit
was often taken up in the additional cost of the nitrogen, which
is the most expensive constituent of fertilizers. A very con-
spicuous exception to the above statement was proven in the
case of tobacco, where the greatest profit was obtained from the
use of potash and nitrogen together. The tobacco crop requires
a great deal of both of these, but a comparatively small amount
of phosphoric acid. ‘ :
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Tt must not be supposed that the results obtained upon the
blue grass (limestone) soil of the Station farm will hold good all
over the State. Thereis a great variety of soils in our State,
and upon a large part of them, especially for grain crops, the
use of phosphatic manures is found to be profitable. They serve
to show, however, the need of determining by experiment the
requirements of =ach kind of soil to guard against the unneces-
sary expenditure for fertilizers which supply ingredients that
the soil is already capabie of supplying in abundance. It must
be borne in mind also that every crop taken off the land removes
a certain amount of all the *‘essential ingredients,” so that,
under continuous cropping, it is necessary to return what has
peen carried away, and probably the heaviest drain from this
source falls upon the potash and nitrogen. These results should
also serve as an indication to the manufacturers of commercial
fertilizers that a greater vaiiety is needed in their composition
than now exists, to correspond with the requirements of dif-
ferent localities. The great majority at present are highly
phosphatic, and contain comparatively small proportions of
potash and nitrogen ; whereas, it is clearly shown that the soil
of our blue-grass region is already well sapplied with phos-
phates. ;

NITROGEN AND NITROGEN-GATHERERS.

While on this subject, a few words in regard to nitrogen in
fertilizers will not be out of place. As remarked above, this is
the most costly constituent of commercial fertilizers ; and, in
many instances, the increased cost of the fertilizer will balance or
even exceed the increase in the proceeds from the crop, due
to the nitrogen. Fortunately, we are not obliged to rely entirely
upon commercial fertilizers for our supply of nitrogen to enrich
our soils. Recent investigations have proved that the class of
plants called **leguminous plants,’” to which the clovers, peas,
beans, &c., belong, have the power.of deriving from -the air a
part of the nitrogen required in their growth. For this reason
they are sometimes called ““mitrogen-gatherers.”’ ~ This fact
helps to explain why clover is 50 valuable in restoring and en-
riching poor soils. [If we fertilize our crop of elover liberally
with potash and moderately with phosphates, we have there the
means of enriching our soil in all these “ essential ingredients’’
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of fertilizers. This is a very important principle in the use of
fertilizers, and is in accordance with long established practice.

THE COMPOSITION OF FERTILIZERS.

The best way of determining the second point above is by
chemical analysis of the fertilizers. ;

Fertilizer Law.—Our State law provides that every com-
mercial fertilizer selling for more than $10 per ton shall be ana-
lyzed at the Experiment Station, and that each sack or other
package offered for sale shall bear a copy of this analysis over
the Director’s signature. This analysis then becomes the stand-
ard of quality and the guide by which the purchaser is to judge
what heis getting. The analyses made this year, up to the
present date, are printed in this Bulletin. As an additional
means of keeping the quality of the fertilizers up to the stand-
ard, the law also provides that any farmer purchasing a fer-
tilizer may take a sample for analysis, according to the rules
and regulations prescribed by the Director, and may have the
analysis made at the Station free of cost. The law, as revised
by the last Legislature, is printed in full in the Appendix, to-
gether with suggestions to purchasers, rules and regunlations,
and directions for taking samples for analysis.

.

HOW TO APPLY FERTILIZERS.

In regard to the manner of applying fertilizers, it is generally

best to sow broadcast, or drill and work well into the soil before"

planting. When a small quantity of fertilizer is applied to each
hill or row at planting time, it acts mainly as a stimulant to pro-
duce an early and vigorous start, which is considered necessary
for the tobacco crop, but often renders the crop more sensitive
to drouth. In any case care should be taken to miz the fertil-
izer with the soil, so that it will not come in contact with the

seeds or plants. Most fertilizers, and especially those contain- |

ing much nitrogen, soluble phosphoric acid or potash, will in-
jure or destroy younyg plants if brought directly in contact with

them.
EXPLANATIONS IN REGARD TO THE TABLES.

The farmers should study carefully the table of analyses in
this Bulletin before purchasing commercial fertilizers. Tt will

be noticed that there is given in the tables the amount of phos-
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phoric acid, in its soluble, reverted and insoluble form, witro-
gen, and its eqivalent in ammonia, and pofash for each brand.
Now the selling value of a commercial fertilizer should depend
upon the amount of the various forms of phosphoric acid, the
nitrozen and the potash it contains ; for, as has been said, it is
to supply the plants with phosphoric acid, nitrogen and potash
that the fertilizer is mainly applied to the soil. As regards
phosphoric acid, the soluble and reverted forms should be par-
ticularly noted. They are the forms capable of being readily
taken up as a food for the plant, while the insoluble phosphoric
acid does not, in all probability, serve as food to the plant at
once, and probably not for a year or more. For this reason this
form of phosphoric acid is not as valuable to the farmer as the
other forms. It is also the cheapest form of phosphoric acid in
the market. Nitrogen is another element of great importance
and value as a fertilizer, and is needed in most every soil where
fertilizers are applied with benefit. ~Potash is the cheapest es-
sential ingredient of a commercial fertilizer, but in all crops,
and especially tobacco and potatoes, it is a very important ele-
ment. :

The Estimated Value.—In the:Jast column of the table is
given the value in dollars and cents of a ton of each fertilizer.
These values are estimated from the essential ingredients con-
tained in the fertilizers, and the forms in which they exist. In
other words, they express the commercial value, or about the
price the ingredients could be bought for on the open market,
mixed and put upon the market as fertilizers. These values are
not intended to express the agricultural value of the fertilizers,
or the profit they will giée the farmer by their use. They are
intended rather to notify him, if he intends to purchase fertili-
zers, that from quotations this year of the essential ingredients
of these fertilizers, he should be able to purchase the chemicals
to furnish them, in the quantities shown by the analysis, for
about the estimated price given in the table. Another, and per-
haps the most important use of these estimated values, 1s to
assist the farmer in determining which is the cheapest fertilizer
for him to purchase. In choosing between several fertilizers of
the. same kind—i‘hat is, containing the same essential ingre-
dients in about the samé proportion, the one that has the high-
est ‘“‘estimated value per ton’’ in the table of analyses would

e e S S
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’

be preferable at the same cost. Or, if the estimated value per
ton’’ is about the same in all, the one that sells for the least is
to be preferred. Take, for example, a supposable case: A
farmer desires to purchase ten tons of some commercial fertilizer
for his tobacco crop. His land is poor, and he concludes to pur-
chase a fertilizer containing all three of the essential ingredients,
pam-ly, phosphoric acid, potash and nitrogen. He goes to his
merchant, and finds that he has two brands for sale. No. 1 is
priced at $40 per ton, and No. 2 at $30. The farmer refers to
the table in this Bulletin, and tinds the two brands relatively
alike as to the essential ingredients. No. 1 is estimated at $40,
and No. 2 at §25. It is evident, from the estimated values, that
he should purchase the higher priced fertilizer, for if he paid
840 for this brand, he should pay but $25 instead of $30 for the
cheaper one.

The Analyses.—But the analyses printed on the tags signed
by the Director, attached to each sack or package of fertilizer,
or in the tables of this Bulletin, should be carefally considered
as well as the estimated value, for the estimated value is not a
sufficient guide to determine which of two or more Sertilizers to
purchase. To illustrate the importance of considering the anal-
yses as well as the estimated value, let us take an example. Sup-
pose a farmer desires to purchase a fectilizer for his corn crop. He
.goes to his merchant, and is offered either of two brands at the
same price. The price, fortunately, does not help him to decide
in this case. He next looks at the tags attached to the sacks,
and finds that the Director has estimated each .fertilizer at
$30.60 per ton, He next looks at the analyses, and finds ferti-
lizer No. 1 to contain:

SolnblelRhosphoric: Aigid sasitils - 2ol iis Lo Jor o 11 per cent.
Reverted & Bk et e T SR 7 per cent.
POtashue e s S g Shagis 5 i T ot D e None.
NUbrogen s e i aas s L s b None.
And fertilizer No. 2 to contain : ‘
Soluble Phosphoric Acid, | e t
Reverted e e e FrlE s L-2aDOT 0D
i ol et R s s R 3.0 per cenf.
e LR es i Al S Rk 4.2 per cent.

He is now able to jndge quickly which of the two fertilizers to
purchase. If his soil needs phosphoric acid, he wiil quickly
decide on No: 1. for he will get twice as much for the same
money, while did he purchass No. 2 he would have paid
$12.75 for the phosphoric acid which he needed ; and $17.85 for
the nitrogen and potash which he did not need. But should he
be in doubt whether his land needed one or all the elements of
a fertilizer. he would be wise in purchasing No. 2 For should
his soil need potash or nitrogen, or all three of the essential ele-
ments, to produce a large corn crop, and should he have pur-
chased No. 1, it is doubtful whether he would have received
any benefit from it.
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Concentrated Ferlilizers the More KHconomical. — Another
matter of relative cost may be properly considered here. Other
things being equal, the cost per pound of the essential ingre-
dients in a concentrated fertilizer is usually less than in one
where the percentages are lower, on account of the increased
cost for freight and handling in the latter case. Suppose, for
example, our farmer is offered fertilizer No. 2 at $30.00 per ton
on the cars, and another containing just twice the percentages
of essential ingredients, in equally available form, at $60.00 on
the cars. It isevident that the second would be really cheaper,
because in one ton he would get as much phosphoric acid,
potash and nitrogen as in two tons of No. 2, and would save
freight, cost of sacks and handing on one ton of fertilizer. This
is an extreme case, but the principle holds good where the ex-
tremes are not so great.

In applying a very concentrated fertilizer it is often well to
mix it with dry earth, road dust, etc., for convenience in sow-
ing, and to prevent injury to plants.

On account of the differences in soils, no rule can be given by
which to tell what fertilizor is the best for any particular crop,
and this question must be decided by actual trial, systematically
and carefully made. Some such trials are made at the Station
each. year, and ths Director will be glad to furnish a plan for
similar experiments to any one who desires to test, the effect of
fertilizers on his land.

MATERIALS OF WHICH COMMERCIAL FERTILIZERS ARE MADE

For further explanation relative to the materials of which
commercial fertilizers are made, and the chemical terms used in
speaking of them, we refer to Bulletin 41 and other issues on
commercial fertilizers, copies of which will be furnished on ap-
plication.

VALUES USED.

The following are the values used for the essential ingredients
in calculating the estimated value per fon: Phosphoric acid
soluble in water, 8} cents ; ‘‘reverted’’ phosphoric acid, 8% cents ;
insoluble phosphoric acid. 3 cents ; phosphoric acid in fine bone,
41 cents, in medium bone. 4 cents per lb. ; potash from muriate,
6% cents ; from sulphate, 7 cents, and nitrogen, 20 cents per lb.
_ Fine bone is all that passes through a sieve with meshes 1-25
inch square. Medium bone passes through a sieve with meshes
1-6 inch square, but does not include fine bone.

FERTILIZERS ANALYZED.

For the year 1893, up to August 1st, 24 manufactarers have
had 93 different fertilizers analyzed in compliance with the law,
and 114,500 tags have been issued. These analyses are printed
1n the following tables :
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A PPEEIDIST.

CHAPTER 62.

AN ACT Concerning Fertilizers.

Be it enacted by the General Assembly of the Commonweallh
of Kentucky : § 1. On or before the first day of May in each
year, before any person shall sell, offer, or expose for sale in
this State, any commercial fertilizer whose retail price is more
than ten dollars per ton, said person shall furnish to the
Director of the Agricultural Experiment Station, inaugurated
by the Agricultural and Mechanical College of Kentucky
(which station is hereby recognized as the ‘*Kentucky Agricul-
tural Experiment Station’’), a quantity of such commercial fer-
tilizer, not less than one ponnd, sufficient for analysis, accom-
panied by an affidavit that the substance so farnished is a fair
and true sample of @ commercial fertilizer which the said per-
son desires to sell within this State.

§ 2. It shall be fhe duty of the Director of the Kentucky
Agricultural Expe fment Station to make, or cause to be made,
a chemical analysifof every sample of commercial . fertilizer so
furnished to himjand he shall print the result of such analysis
in the form of a label; such label shall set forth the name of
the manufacturer, the place of manufacture, the brand of the
fertilizer, and the essential ingredients contained in said fertili-
zer, expressed in terms and manner approved by said Director,
together with a certificate from the Director, setting forth that
said analysis is a true and complete analysis of the sample fur-
nished him of such brand of fertilizer, and he shall also place
upon each label the money value of such fertilizer, computed
from its composition, as he may determine. The Director shall
furnish such labels in quantities of five ‘“hundred, or multiple
thereof, to any person desiring to sell, offer or expose for sale,
any commercial fertilizer in this State.
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§ 3. Every box, barrel, keg, or other package or quantity of
any commercial fertilizer (the retail price of which is over ten
dollars per ton), in any shape or form whatever, sold or offered
for sale in this State, shall have attached to it'in a conspicuous
place, a label bearing a certified analysis of a sample of such
fertilizer from the Director of the Kentucky Agricultural Ex-
‘periment Station, as provided in the foregoing sections of this
law.

§ 4. Any manuflacturer or vender of any commercial fertilizer,
or any person who shall, offer or expose for sale any fertilizer
without having previously complied with the provisions of this
chapter shall be fined not less than one hundred nor more than
five hundred dollars for each violation or evasion of this law. .

§ 5. The Director of the Kentucky Agricultural Experiment

Station shall receive for analyzing a fertilizer, and aflixing his
 certificate thereto, the sum of fifteen dollars; and for labels
I furnished, oune dollar per hundred.
" §6. The Director of said Kentucky Agricultaral Experiment
Station shall pay all such fees received by him into the Treasury
of the Agricultural and Mechanical College of Kentucky, the
authorities of which shall expend thie same in meeting the legiti-
mate expenses of the Station, in making analysis of fertilizers
in experimental tests of same, and in such other experimental
work and purchases as shall inure to the benefit of the [armers
of this Commonwealth. The Director shall, within two months
of the biennial meeting of the General Assembly, present to the
Commissioner of Agriculture a report of the work done by him,
together with an itemized statement ol receipts and expendi-
tures for the two years preceding, under the operations of this
law,

§ 7. The Director of-said Experiment Station is hereby author-
ized, in person or by deputy, to take samples for analysis from
any lot or package of any commercial fertilizer which may be
in the possession of any dealer in this State ; and is authorized
to prescribe and enforce such rules and regulations as he may
deem necessary to carry fully into effect the true intent and
meaning of this law. And any agriculturist, a purchaser of
any commercial fertilizer in this State, may take a sample of
the same, under the rales and regulations of the Director of the
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T

said Experiment Station, and forward the same to the Experi-
ment Station for analysis, which analysis shall be made free of
charge. :

§ 8. If the Director of the Experiment Station shall believe,
after having made an analysis of any fertilizer, that the same is
of no practical value, he shall refuse to furnish any labels to be

placed on such fertilizer. :
Approved June 20, 1892.

RULES AND REGULATIONS.

By authority of section 7 of the fertilizer law the Director
makes the following Rules and Regulations concerning the sale
of fertilizers in this State :

1. The seller is responsible for affixing the official label to the
fertilizer packages, unless the manufacturer has provided and
attached them.

9. All labels, to be official, must emanate from the Director of
the Kentucky Agricultural Experiment Station. Persons at-
taching other than official labels, for official labels, are evading
the law, and are subject to the penalties thereof.

3 . Official labels are issued only to persons guz\tfanteeing by
affidavit that the fertilizer to which they are to be attached is
true to the sample on which the results of the analysis and
commercial value are determined. FPersons attaching labels to
goods misrepresenting the fertilizers, or the sample for which
they are issued, are subject to the penalties of the law for each

offense.

TO PURCHASERS OF FERTILIZERS. =

Tt is of vast importance to the State that the fertilizers sold
should be of the quality as represented. To this end the Direct-
or would advise farmers purchasing fertilizers :

1. To purchase with a gunarantee that the fertilizer is as rep-
resented by the official tag attached.

9. Take a sample, especially if purchasing in large quantities,
and send it to the Director for analysis to see whether the fer-
tilizer is as represented by the seller.

3 To have nothing to do with fertilizers which are not labeled
with a tag bearing an analysis, and certified to and signed by
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the Director. Manufacturers of genuine goods are always will-
ing to comply with a law which protects them as well as the
purchaser, and their goods will be found labeled as required by
law. It is generally those who offer adulterated or inferior

goods that do not desire the quality of their goods to be known.

Tn order to obtain a fair sample for this purpose, the follow-
ing directions should be observed :

HOW 10 TAKE ’SAMPLES.

a. Select at least two average sacks of the fertilizer, preserv-
ing the labels to send with sample. Open these sacks and mix
well together the contents of each, down to one-half its depth,
emptying out upon a clean floor, if necessary, and crushing any
soft, moist lumps, in order to facilitate mixture, but leaving
hard, dry lnmps unbroken, so that the sample shall exhibit the
texture and mechanical condition of the fertilizer.

b. Take out five eqnal cupsful from different parts of the
mixed portions of each package. Pour them (ten in all) one

over another upon a paper; intermix again thoroughly, but:

quickly, to avoid loss or gain of moisture ; fill a can or jar from
this mixture : inclose labels taken from the sacks ; seal ; label
plainly, giving name also of sender, and send by express,
M. A. ScovEerL, Director,
Lexington, Ky.

charges prepaid, to

Unless these directions are strictly complied with, it will be
useless to send samples for free analysis.
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11

BULLETIN No. 47.

1. THE PESTS OF SHADE AND ORNAMENTAL
' TREFES. '

BY H. GARMAN, ENTOMOLOGIST AND BOTANIST.

Trees are subject to many different injuries from insect
enemies, from parasitic fungi, from unfavorable conditions of
surroundings, from severe umucrhts sudden lowering of the
temperature, etc., and require, like other plants, some care and
attention in order that they may grow well. TPhey need this
attention, especially when grown about dwellings for shade,
since the exposure to weather, and the facility with which their
enemies can concentrate on them and spread from tree to tree,
makes them more liable to injury than when ‘scattered and
growing in a state of nature. Often several causes leading to
the decline and ultimate destruction of shade trees are at work
at one and the same time, and it becomes then a matter of some
difficulty to discover the primary cause and to check the injury.
It may be that the soil was not suited to the needs of the trees
planted, and that they exhausted the available supply of nutri-
ment, then suffered from starvation, if T may use ‘the word, in
which condition plants are well known to be much more liable
to the attacks of fungus and insect enemies than wlien in per-
fect health. In such cases, however, the insects are liable to

get the blame for the injury; and while there is no doubt that.

they increase the injury, 2 ind may insure the ultimate death of
trees which would not otherwise succumb completely, it is evi-
dent that their removal will not entirely answer the require-
ments of the case. The proper thing to do for trees suspected
to be in need of nourishing material at the roots is, of course,
to supply the food in the form of a fertilizer. The material
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" {iken from the earth by thrifty trees is very considerable, as

may be known from the fact that other plants of vigorous
growth and larg- size will not grow well near them. In the
forest and thicket they get this nourishing material from the
decay of fallen trees and leaves and from the annual growth of
surface vegetation. Along the streets of a city and on a well-
groomed lawn the supply from sources such as these amounts to
but little, and it is, therefore, the part of wisdom to supply the
deficiency by artificial means. :

Considerations of this sort come strictly within the domain of
practical horticulture rather than in that of economic entomol-
ogy and botany, yet it is not possible to separate by hard and
fast lines these different lines of work and study, so intimately
are they bound up with each other. Inquiries sometimes reach
the Experiment Station concerning ¢ diseased ’’ shade or frait
trees which it is evident are suffering from a period of neglect
on the part of the owners. It requires heroic measures to rescue
trees which have exhausted the nutriment within reach of their
roots, which are besides bored through by the larveae of beetles,
and whose leaves are gnawed by web-worms, and it may be also
infested with aphides and parasitic fungi; and while, for ad-
vanced cases of disease of this sort, it is only to be recommended
that the trees be cnt down and burned as promptly as-possible
to prevent further spread of the insect and fungus pests, this‘is
a meastre people are very reluctant to take, and it is one, conse-
quently, an entomologist does not like to recommend (though.it
may be evident to him that in the long run this would bs econ-
omy both to the owner and his neighbors). Until the State
enforces by law the destruction of such infested trees, we can

" not, therefore, hope for the prompt and drastic measures often
" needful for stamping out the pests to which vegetation is subject.

INJURIES SHOULD BE CHECKED AT THEIR INCEPTION AND PRE-
CAUTIONARY. MEASURES SHOULD BE ADOPTED.

It is sometimes possible to prevent the increase of an injurious
insect with but slight trouble if we know exactly what it is, and
when our work may be most profitably done. The cutting away
and burning of an infest=d branch, the re moval and destruction
of an entire tree, somstimas even ths removal of a single insect,
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may save the trees of a whole village from severe injury.
Always dead portions of trees either on the trees or lying on the
ground are to be removed and disposed of. Weeds and rubbish
calculated to afford lurking places for insects ought always to
be removed, and loose dead bark on the trunks should not be
allowed to remain. Though to many people a whitewashed
tree trunk is an unsightly object, there can be no question as to
the value of such treatment for some injuries, and the wash may
be made even more effective by adding to it London purple or
Paris green, when the ¢ tombstone effect”’ of which some peo-
ple complain will be done away with. '

Tt is a matter of common observation that the man who attends
to these things is much less troubled by injury to trees than one
who neglects his groands. i1l there is a class of injuries which
no one can be accused of encouraging, and which it is very de-
sirable to control if possible. Sudden frosts after the sap begins
to flow in spring may result in injuries not in themselves very
serious, but which open the way 10 attacks by insects. Sleet
and wind storms may occasion injaries which in the nature of
things cannot be avoided. Droughts when prolonged olten
weaken trees which are not very vigorous, or are badly situated,
and then insects, when encouraged by very favorable weather,
will overrun a place in spite of all the ordinary precautions that
may be taken, attacking in such cases the more thrifty trees, as
well as the enfeebled ones. ’

SUNSTROKE OF TREES.

In considering the nature of injuries sufferdd by shade and
ornamental trees, we must not omit mention of an injury which
is very common in Kentucky, and often very. destructive. I re-
for to that sudden blighting of trees with rather succulent
foliage, which occurs in hot weather in July. Trees seemingly
in perfect health, with splendid growths of leaves, receive 2
check which, in its suddenness and effects; can only be likened
to sunstroke. The crisp green leaves wither on most of the
branches in a day, and ultimately blacken and dry up as if the
ires were utterly killed. After a time such trees partially or
wholly recover and put out a new growth of leaves before fall,

still, however, by their enfeebled condition showing that the |
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shock was a severe one. When I first observed this trouble
among trees, I supposed it might be due to attacks from some
one of those minute organisms known as bacteria. The dying
Jeaves show no trace of ordinary parasitic fungi such as occasion
the mildew of grape vines and the scab of apple. But careful
examination of the tissues when first affected shows no bacterial
or other organisms present that could possibly occasion such

Fig. 1. Showing a tatalpa tree, the foliage of which has been partially destroyed by
heat. From a photograph.

sudden and extensive injury, and after repeated attempts to

induce the disease by inoculation, I am forced to believe that

conditions of weather, such as showers followed by extreme

heat, occasionally kill the foliage of some of our shade trees.
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The tree which has suffered most in this neighborhood during
the past three years is the Catalpa, and I present ‘herewith a
figure of one of these trees as it appeared soon after it became
affected. One of my purposes in calling attention to this
trouble is to point it out as an affection not due to insects, and
not very easy to guard against. Inquiry has reached me occa-
sionally with reference toit. I do not know any thing likely
to prevent its occurrence except shade ; and I am disposed to
think that the trees which are subject to it are those whose
habit it is to grow in thickets, and which are not therefore ad-
justed to complete exposure '0 the sun’s rays.

KINDS OF PESTS ATTACKING SHADE TREES.

The parasites of our shade and ornamental tress are of two
sorts : insect and fungus. The latter are only oceasionally abund-
ant enough to call for attention. Buot they may, during warm,
damp seasons, do quite as much harm as insects.  Their attacks
are most generally made on the leaves and tender growths of
twigs, where they produce variously colored spots and blotches,
and in the end kill the tissue. The soft maple (Acer dasy-
carpum) and red maple (A. rubrwm) are subject to the attacks
of a fungus (Rhytisma acerinwm) in the Mississippi Valley
that often works much injury to the leaves. It produces a dense
black spot varying from .25 to .50 inch in diameter, with its
upper surface coarsely wrinkled and slightly, convex. The
leaves of the yellow poplar (tulip tree) are also subject to the
attacks of a fungus, producing small black dotgand spots event-

ually resulting in extensive discolorations. The black oak §&

(Quercus coccinea) sometimes bears on the upper surface of its
leaves numerous ash-gray blotches of irregular size, which,
when closely examined, are found to be minutely speckled with
black. They are the results of the growth of another fungus
(Microsphwra quercing), which preys upon the growing foliage
of this oak. And so, through the whole list of shade and forest

trees, there are very few species that are not subject to one or §8
more of thesc fungus parasites. The elms, the basswoods, the B8

hickories, the walnuts, all have their peculiar species.
With such numbers of enemies, insect and fungus to drain
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iz B ‘them of sap and destroy their foliage, it might seem that trees
o I would more frequently be destroyed. This result would prob-
1 B ably be witnessed more often were it not for the fact that the

e LUy
R R 1 P B )

sy- 8
ks B Fig. 2. Shewing leaf of black gum galled by minute mites; «, section through one

of the galls. Soft maples show a similar injury.

leaf-eating insects are most common, as a rule, during dry sea-
sons (this does not appear to be true of insects which live in the
interior of plants), while the fungus enemies are most injurious
when the rainfall is greatest. Their prevalence being thus alter-
ont- B8 Dating to some extent, the trees do not so ‘often suffer from at-
» tacks of both at one and the same time.

V'.'
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its 8 The insect pests are the more frequently destructive, and at
ich, times so completely strip the leaves from elms, maples and other
vith B trees as to threaten their extermination. They may be divided
igus @& Toughly into three groups, according to the part of the tree they
iage B attack, as follows: (1) L-af insects, (2) trank and branch-min-
rest B 1ng insects, and (38) roof-infesting insects.
eor B¢ The first group of the three includes most of the species
the which attract general attention, though it cannot be said that

they are the most destructive. To it belong the fall web-worm,
rain |8 the walnut-worm, and the elm leaf-bestle, so destructive in the
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eastern States. To it also belongs the Gypsy-moth, for the
destruction of which the State of Massachusetts during the
three years ending December 3, 1893, expendel $175,000.
Such insects attract attention at once from the nature of their
injury, the unsightly appearance due to gnawe ed leaves, webbing

Fie. 3. Showing a marginal gall produced by mites on black gum.

5 9

and refuse, taking away at once from trees their practical value
as shade, and their esthetic value as ornament. :

While their injuries are not at first so apparent, the work of
the boring and mining species is not lessi injurious, and is the
more to be feared because its results are not seen until the mis-
chief under the bark is at an advanced stage. The locust borer
and the elm bark-beetle are members of this group, both species
being common and inj ariounsin Kentucky. The pine bark-beetles
and the fruit bark-beetles, now becoming injurious in this State,
may also be placed here. The greater number of species which
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attack the trank are the grubs of beetles. A few are caterpil-
lars (larvéee) of moths. The branches and twigs are injured by
a host of small species, some of which girdle them, others mine
them ; still other, species do serious mischief by placing their
eggs in them, while some of the true bugs simply puncture and
abstract their sap.

Doubtless the number of insects which feed on the roots of

.shade tress is large, but the unavoidable difficulties in the way

of studying their habits has prevented a very full knowledge of
this group. Among the better known is the seventeen year
cicada (Cicada seplendecim), which, in its immature condition,
lives in the earth, where it donbtless punctures the roots of
oaks and other trees. A few root-feeding beetles are also known
to attack trees, but our knowledge concerning their habits is
much too scanty. The insects belong in great part to the fol-
lowing orders, which I have arranged according to their impor-
tance as enemies of trees. The moths are placed first with
some question, siuce the beetles are often locally the more de-
structive, and are especially injurious to cone-bearing trees,
upon which the moths do relatively little mischief.

Moths and Butterflies (Order Lepidoptera). This groupincludes
all the caterpillars, such as the canker-worms, walnut-worms and
the like, with well-developed heads and legs. Their bodies are
often hairy. They live exposed on the leaves or construct webs,
while some of the small species mine the leaves or twigs. A few
bore the trunks. The adult moths are not in any way injurious.

Beetles (Order Coleoptera). The insects of this order injure
trees both in their immature and mature stages. The adults are
hard bodied. insects, well known under such names as June-
bug and potato-bug, while their young are known as grubs,
those attacking trees having well-developed heads, but often
no legs. Their bodies are generally thick and stout, and
are more or less U-shaped in maﬁy cases. They attack roots,
frunk and leaves.

True Bugs (Order Hemiptera). A large number of this group
of insects attack the foliage and tender growths of twigs, and
a few such species as the 17-year locust (cicada) suck the sap
from the roots of trees. All such insects are provided with a
piercing proboseis, and feed at all stages of their growth upon




96 REPORT OF AGRICULTURAL EXPERIMENT STATION.

the sap of plants. The order includes, besides the 17 year locust,
such species as the plant-lice (aphides), the bark lice, the va-
rious tree and leaf hoppers, and the plant-bugs (Capside), the
latter sometimes very destructive to young fruit trees.

Sowylies and Bees (Order Hymenoptera). In the grub state,
some of these insects gnaw away the leaves of trees and other
plants, while other small species gall the twigs and leaves. The
sawflies, including the elm saw-fly, the currant-worm, and the
like, are our most destractive species. The adults do little mis-
chief of any sort, and many species are beneficial by helping to
fertilize flowers of useful plants. :

Flies (Order Diptera). In their adult state these are two-
winged insects, such as the house fly, mosquito and buffalo-gnat.
When nos mature they are known as grubs, maggots and wrig-
glers. Though sometimes very annoying to man and the -de-
mestic animals, the winged adults do no harm to vegetation.
The grubs of a few small flies and gnats live in galls or mines
in the leaves and twigs of trees, while a few others mine
seed-pods, and other kinds of fruit. The grubs may be known
from all other kinds which infest trees by the absence of legs
and of a head.

Katydids and Grasshoppers (Order Orthoptera). We have
a nuwmber of katydids (though all do not have the well known
note that has given rise to the name) and tree-crickets in Ken-
tucky that spend most of their time among the foliage of trees.
They are, however, usually so scattered that but little apparent
harm results from their presence. Some of them, such as the
true katydid, are strictly tree-dwellers. The members of this
order have no grub state, but have the adult sbapé when hatched,
and change subsequently only in size, and by acqhiring wings.

TREES LEAST INJURED BY INSECTS.

It is evident to every one accustomed to notice trees closely
that the species differ considerably in their susceptibility to in-
sect attacks. Some, like the black locust, the walnut, the apple
and the soft. maple, are generally infested with a larger or
gmaller number of injurious insects, without regard to locality,
while others, such as the buckeyes and hard maple, are relatively
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but little injured. And while it is trne that as a general thing
insects attack by preference such vegetation asis most nutritioas
and edible, and consequently likely to prove useful to us, this
fact is mainly of importance in considering plants which bear
flowers or fruits of value, and has not the same importance in
considering shade trees. A tree may presenta fine appearance,
and yet its leaves and fruit be noxiouns. It does not follow
thongh because a’tree is not injured that it is in any way nox-
ious to man. Some of our very finest native trees would come
under condemnation if this were true. I have never heard of
anything hurtful in the leaves of the tulip-tree, sweet gum, or
sugar maple, all good trees {or planting.

The central fact to be noted in this connection is, that certain
of our trees are less subject to insect injury than others, and
that it is possible by selecting judiciously to have, much of
the time, trees with clean, whole leaves without resorting to
the nuse of insecticides and fungicides.

TREES MOST SUBJECT TO INSECT INJURY.

As to trees most subject to injury, we may mention for this
locality the poplars, box-elder and black locust, all of which
are very badly denuded of their leaves at times by caterpillars.
The box-elder, while a rapid grower, is not as valuable for
shade as are many other trees, and _can perhaps be spared.
Some of the poplars are very handsome, especially when young,
and something should be done to protect them. .The black
locust, with its fragrant blossoms, is so pleasantly associated
with spring that 1t seems ungracious to «ay any thing against
it; yet the plain truth is, that it is not remarkable either for
beauty or shade, and its leaves are attacked by a small army of
Insects that give it a draggled and unpleasant appearance in the
latter part of summer. Its trunk, too, is mined by several de-
Structive borers. If ash, elm or hard maple had been planted in
Place of most of the black locusts in the State, the appearance
of our country homes and roads would be greatly improved.

METHODS OF TREATING SHADE 'I'REI_']S.

For all insects that gnaw the leaves it is posalh]eﬂ to apply
mixtures which will serve to defend trees very effectively from
]
7—6 E. s.

v
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injury. The chief difficulty comes from the labor required and
the cost of apparatus. If trees threatened with injury from
tent-caterpillars, fall web-worms, walnut-worms, elm leaf-beetles,
or any one of the score of leaf-eating pests known fto us, are
thoroughly sprayed with water containing Paris green or Lon-
don purple, their leaves are rendered proof against any very
serious injury, and when it is possible to employ a suitable
spraying pump this treatment is to be strongly recommended
for all snch enemies of trees. With young trees there need be
no difficulty. These can be easily sprayed from the ground, or
by mounting a barrel or tank, with force pump attached, on a

wagon or cart.

Fig. 4. The improved Nixon Olimax pump, for spraying.

The outfit for spraying orchards commonly used, answers very

well also for this purpose. When large trees are to be sprayed,
strong pumps must be used, together with a sufficient length of |
hose, and some means of elevating the distributing nozzle. It §

is a common practice to employ long poles for this latter pur

pose, simply attaching the mnozzle to one end by wrapping it
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with twine. A large bamboo rod with the septa burned out to
permit the hose to be passed up through it, has been recom-
mended for this same purpose, and has advantages of lightness
and convenience in its favor. For exceptionally tall trees it is
necessary to employ besides, a ladder, and occasionally it may
be necessary to throw a solid stream of the fluids used, trusting
to the friction against the atmosphere to break it into a spray.
Some of the mnozzles sold for this work are so constructed that
the cap concerned in producing the spray can be removed, thus
permitting a single stream to issue, which is thrown to a greater
distance. The spray itself may be thrown horizontally by means
of some of these pumps and nozzles a distance of 25 feet.
Thrown vertically, or nearly so, it would not go so far, hence
the occasional necessity of the other method for reaching the
leaves. :

The quantity of poison to be used varies with the kind of
trees to be sprayed. For apple trees, it is customary to use one
pound of either London purple or Paris green in from 160 to 200
gallons of water. We have used the former proportion (one
pound to 160 gallons) at the Experiment Station, with little or
no injury to the leaves. To avoid the danger of damaging the
leaves, it is well to experiment on a branch, or, at most, a single
tree, before doing more extensive spraying, remembering, how-
ever, that the poisons may not show their destructive effects on
either leaves or insects until several days have elapsed. These
poisons lose none of their effectiveness as insecticides when
mixed with wheat flonr, and the addition of the flour renders
the mixture more adhesive and less inmjurious to the leaves,
hence, it is well to use the two in combination where possible.
For spraying the leaves of elm trees Dr. C. V. Riley recom-
mends, after some experience in spraying these trees about the
city of Washington, London purple, one-half pound, flour
three quarts, water forty gallons. He considers one-half to
three-quarters of a pound of the poison in forty gallons (cne
barrel) of water about the maximum strength to be used with
safety.

Insects which puncture the leaves of trees can mnot be de-
stroyed with mixtures of London purple or Paris green. It is
true that these poisons, when applied to the bodies of some in-

R,
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sects, have a destructive effect ; but used in quantities sufficient
for this purpose, they are liable to injure foliage. For bark-
lice, plant-lice and leaf huppers, all of which puncture and
suck the sap of plants instead of gnawing away and eating the
substance, it is, therefore, necessary to use other preparations.
These must Kill when brought in contact with the body of an

Fig. 5. A good form of nozzle. No. 1, the complete nozzle. "No. 2, the nipple,
unscrewed so- as to show small opening for escape of fluid. Ne. 3, the cap with

wire screen at end for breaking fluid into a spray.

insect, and, moreover, musf do this without injuring the leaves.
Among substances employed for this purpose doal oil (kero-
sene), Persian insect powder (pyrethrum), buhach, and white
hellebore, are well known for their effectivendss. A ‘‘resin
compound,’” more recently recognized as useful, is now used
successfully for scale insects on orange trees, in the West, and
is highly recommended by some of our best anthorities on the
treatment of such pests. The methods of preparing and using
such insecticides have been so frequently considered in Station
reports that it is not necessary to go into detail here. Those
especially interested in these matters will find a condensed ac-
connt of the -insecticides. and fangicides in common use, in
Oircular No. 3, of this Experiment Station. As a matter of
convenience I will, however, give the formulze for making the
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L4
two preparations best calculated, by virtue of their cheapness

and effectiveness, for use on trees.

Kerosene, or coal oil, is now everywhere applied to plants as
an emulsion, which may be prepared as follows: Dissolve one-
half pound of cheap soap in a gallon of hot water, then while
still hot add to this two-gallons of kerosene, and finally pass
the whole through a pump, returning it with force to the vessel
whence itis being pumped up. In a few minuates it will assume
the appearance of cream, and if the churning has been thor-
oughly done it will retain this consistency and appearance. It
is in fact an emulsinon, and in this condition the oil may be
mixed with water in any proportion. Herein consists its ad-
vantage over pure coal oil. It may be so diluted that it will do
no injury to leaves, but still retains all its properties as an
insecticide.

Mr. Koebele, who has perhaps had as much experience with
the resin compound as any one. recommended a few years ago
the following formula for its preparation :

Sal-soda, 3 lbs.

Resin, 4 1bs.

Water, 3 pints.

Dissolve the soda and resin in the water by heating. While
boiling, add water slowly until the whole makes 36 pints. To
use, add 8 parts of water to one part of the above. Stronger
mixtures have been used, but may do injury when not carefully
applied. Three pints of the compound to 4 of water is about
the maximum to be used with safety.

Mr. Coquillett, an agent of the Division of Entomology at
Washington, has also worked with this compound, and gives
the following as the result of his experiments with one of the
scale insects of fruit trees in California:

Caustic soda (70 per cent.), 9 pounds.

Resin, 30 pounds.

Fish oil, 4% pounds.

Water enongh to make one hundred gallons.

He advises the use of a kettle holding 30 gallons for making
the compound. All the materials are placed in this, and alter
covering them to a depth of four or five inches with water, they
are dissolved, and then boiled for two hours, or ‘‘ until it will
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®

dilute evenly with water, like black coffee.” At this stage the
kettle is slowly filled with wafer, and when full may be emp-
tied into a tank or barrel, where the remainder of the water can
be added. Any sudden chilling of the preparation by the ad-
dition of large quantities of water is, he says, to be-avoided. It
would seem from Mr. Coquillett’s work that the compound de-
stroys the insects by forming a sort of varnish on their bodies,
thus cLoking up their breathing pores and smothering them.
'The soda is useful, consequently, only by virtue of its action in
the resin and oil, and no more should be employed of this in-
gredient than is necessary, because of injuries to'foliage when
the proportion used is large. :

On our west coast the use of gas for destroying scale and
other insects on fruit trees is considered by those who have
worked with it the most efficacious treatment, and is now su-
perceding the use of washes. When it is remembered that
many of these scale insects are protected by a shell, not unlike
4 minute turtle’s shell, all the limbs and other parts being
small and concealed, and that the edges of this are commonly
kept closely applied to +he leaves or twigs, it will be understood
that it is no easy matter to apply fluids by spraying so as to reach
vulnerable parts of these insects. Tt is true, none the less, that
the resin compounds and preparations of kerosene are very use-
ful for this purpose, especially where the number of trees to be
treated is small, and applications can thus be made repeatedly
and thoroughly. :

Gas, however, penetrating as it does every crevice about the
trees, is calculated to destroy all insects it reaches, and experi-
ment shows that it will destroy their eggs as well. In applying
the gas it is, of course, essential that the trees be inclosed. For
this purpose Mr. Coquillett recommends large octagonal sheets,
made in great part of eight-ounce duck, the two middle breadths
upon which the strain comes in handling being made of ten-
ounce duck. These may be rendered gas-tight by painting with
linseed oil, or a thin paint made of yellow ochre, and are placed
over small trees by means of poles, or over large ones by means
of a cpecial derrick mounted on a wagon. »

The hydrocyanic acid gas, now generally employed, is gener-
ated in an open earthen vessel, placed under the inclosing tent or
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sheet. The ingredients employed are: Undiluted commercial
sulphuric acid, 1 fluid ounce ; undissolved fused potassiom cy-
anide, 1 ounce by weight; cold water, 3 fluid ounces. The
water is poured /into the vessel, then the acid follows, after
which the vessel is placed on the ground in the tent, and the
potassium cyanide is added, and the openings at the gronnd are
closed. The materials for generating the gas must vary in
quantity with the size of the tree and the thickness of its foli-
age. The time necessary to destroy insects ranges from fifteen
to forty minutes. Mr. Coquillett thinks the best time to apply
gas is at night, or during cool and cloudy days, when the life
processes of the trees are least active.

It is not likely that this method of treating trees will soon be
employed for large shade trees; for small ones, for nursery
stock, and for some fruit trees, it is admirably adapted, and I
have called attention to it here, because it will doubtless be
found in special cases to be the most convenient means of check-
ing injury. Those who may be especially interested in the pro-
cess will find an excellent condensed account of it in Vol. VI,
No. 2, p. 176 (1893) Insect Life, printed by the Department of
Agriculture at Washington.

Many other ways of treating trees for injurious insects have
been advocated, some good, others of no value whatever.
Among the latter may be mentioned the plan of boring holes in
the trunks of trees and filling them with sulphur. Tarred bands
are sometimes employed to prevent the ascent or descent of in-
jurious insects along the trunks. Whether the bands prove of
value or not depends of course upon whether the insect has
other means of getting to the leaves than by creeping up the
trunk. They can be of little use in checking the injuries of
such pests as fly to the leaves, though they have sometimes
been recommended and .used for such species. For the canker-
worm, and some others which habitually creep up the trunk,
the tarred bands can, in some cases, be used profitably, but even
for these spraying, if practicable, is the better treatment. When
bands are used, the tar must be kept from the trunks by strips
of tin; otherwise, it may injure the trees. Bands of straw,
old: carpet, or other material, are sometimes used also as traps
for insects, which leave trees for pupation among rubbish on
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the ground. Such larvee often collect under these bands in
large numbers, even those which let themselves down from the
branches by means of their silken threads, returning in consid-
erable numbers to the trunk to undergo their changes. This
habit, it has been claimed, explains the fact that when several
bands are used at different heights on the same tree, the lower
generally harbors the most insects. :

Some insects, as, for example, the elm leaf-beetle of the
Eastern States, will not stop under bands, their habit being
to undergo their changes under rabbish, or in the ground. A
box with a cement bottom, inclosing the base of the tree, and
a wide strip of tin covered with tar or other adhesive substance
tacked to its upper edges, effectually confines such pests, and
renders their destruction easy. The box is, I believe, a device
first employed by the entomologist, Townend Glover.

In the special matter following, I have included only the
notable insects which injure shade trees in Kentucky. Those
mentioned do the greater part of the mischief from which our
trees suffer during ordinary seasoms. A large list could be
given of other species which frequent shade trees for one pur-
pose or another, some injurious in their tendency, some bene-

THE FALL WEB-WORM

(Hyphaniria cunea).

Fig. 6. Fall web-worm. a, side view; b and ¢, light and dark colored larve seen
from above: ¢ and e, different views of pupa; f, moth. (From the Division of

Entomo'ogy at Washington).
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ficial, some as far as we know neither one nor the other. If
could only encumber a paper of the character of the present
one to include these insects, which may, therefore, be left until
they show themselves entitled to attention.

This insect is known everywhere by the webs made by the
worms. These are placed in the smaller forks of branches or
include the terminal twigs and leaves. They are especially
common towards fall.

The web is a rather loose affair including many leaves and
twigs eventually, in which the worms remain at all times, simply

‘extending it and including fresh leaves when the supply already

inclosed has been exhausted. In this habit of remaining in the
web they differ from the tent-caterpillar of apple trees, with
which they are sometimes confounded. The greater part of the
mischief done to trees occurs in the latter part of summer and
is the work of the second brood. An early brood which appears
to be especially fond of osage-orange makes its appearance as
soon as the leaves unfold. Examples kept by me in a box in-
doors, went into the ground to pass the winter during the latter
part of September and first half of October, the last to change
to a pupa being observed preparing for the change October 19.
These examples began to appear as adult moths Febrnary 18,
1892, and continued to come out at intervals until April 2.

The species does not hibernate in all cases in the pupa state,
some examples of the moth coming up from the ground in the
fall and hibernating in this condition. During the season of
1893 examples which were noted as changing rapidly to pupe
on August 2, yielded two adults, one on the 13th and the other
on the 16th of September, the remainder of the colony continu-
ing-in the pupa state.

The eggs of the brood are placed on the leaves as soon as the
latter develop, and during June the webs may be found, though
they seem never to become so common at this season as they do
later. ’

The worms may be found in such webs until the first of July,
when most of them leave to undergo the mext change in the
ground. Examples kept by me began to change on July 8, and
the moths began to come out of the earth July 16. On the 28th
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of July the female moths were observed placing their eggs on
leaves of elms for the second brood.

During the year 1890 this pest was especially abundant and
injurious in Kentucky, as the following quotatlon from notes
made by me on September 4, will show :

Very abundant on a variety of trees, including osage orange,
elm, maple, honey-locust, and black locust, and has done a good
deal of damage during the dry spell just passed. Some of the
smaller trees are completely stripped of leaves, not the slightest
trace of green being visible. Most of the worms are fully grown
and are leaving the trees for the ground, or for other vegetation,
in the latter case taking to weeds and almost anything green.
Near Providence to-day they were found to be badly affected
with Empusa grylli (a parasitic fungus), probably 50 per cent.
being attacked. These diseased worms collect on the terminal
twigs of poke root, rag-weed, and on the ends and knots of rails,
where they die, become swollen, rigid, and finally show the char-
acteristic powdery coating indicating the presence of mature
spores of the parasite on their skins. The disease will materi-
ally lessen the numbers of this insect for next year.

REMEDIAL TREATMENT.

The above prediction proved right, and the insect, thanks to
the parasite, has not since been so common ; yet it is still with
us, and may at any time become abundant, hence the need of
watchfulness. When the webs are within reach it is possible to
destroy them and their occupants by simply applying burning
paper. This does some little damage to the twigs, but the tree
suffers less than it would from the worms, ands further spread
of the insects may be thus checked. When a pump is at hand
the worms may be destroyed by spraying the infested branches
with London purple mixed with wheat flour and water. The
poison of this mixture remains for some time on the leaves, s0
that the destruction of the worms is only a matter of time.

THE BAG-WORM

(Thyridopteryx ephemeraformis).

This worm is the young (larva) of a moth. It lives in and
carries about with it a case made of silk, on the outside of
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which it fastens bits of leaves, probably to render its detection
less easy to birds and other enemies. One may see these cases
all through the winter adhering to the naked twigs of both de-
ciduous and evergreen trees, the worms having taken the pre-

caution to fasten them there by wrapping the twigs with silk.

Fig. 7. ‘The bag-worm. @, larva; b, pupa; ¢, adult female; ¢, adult male; e, bag
containing eggs; f, bag containing larva; g, young larve, with conical cases.
(FromjRiley.)

The case of a grown worm measures 1.75 inch in length and
its greatest diameter is somewhat more than .50 inch. If cases
are examined during the winter, a large number will be found
empty, these being old ones which adhere to the twigs longer
than one season, or else are those which produced males. In
every one which produced a female the preceding summer will
be found an oblong brown cylindrical object, tapering a little at
one extremity, but blunt and with a ragged opening at the op-
posite end, through which the adult insect eseaped ; for these

are the deserted pupal skins of the female. Hach appears at

first to be full of a powdery material, but on removing some of
this the minute soft whitish eggs will be observed. packed closely

50 as to fill the greater part of the skin.

The adult female of the bag-worm is a very singular creature,
looking more like a worm than a moth, incapable of flight, hav-

' ing no rudiments of wings, and with only minute and function-

less legs. The very scales of the. greater part of her body are
abortive, and are rubbed off to constitute the powdery material
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in which the eggs are packed. Being incapable of flight, the
most she can do as to wriggle down to the opening at the lower
end of her case where she meets the winged male; and then in
the same manner wriggles back to her empty pupa case in which

she carefully places her eggs for safe-keeping during the winter. |

Finally, with an astonishing solicitude for the welfare of her
prospective young, she deserts the case, drops to the ground
and dies shortly afterward. Is it possible that this pulpy mass,
exhausted, with nothing more to live for, with death certain and
at hand, understands that a dead and putrid body left in the
case would work harm to her precious eggs? Anyway she
leaves the case.

Fig. 8. The Bag-worm. Showing the recently hatched worm engaged in construct- k.

ing its case. (From Division ef Entomology at Washington).

The adult male of the bag-worm is a very ordinary bat rather &

fussy little moth, with black body and founr (;,lear wings, with
some black at the front and hind margins. When the wings
are drawn out at the side they measure just about an inch from
tip to tip of the front pair. The wings of the hind pair are
much smaller. Its empty case may be known by the fact that

it leaves the empty pupal skin partly protruding from the open- B

ing at the lower end.

LIFE-HISTORY FOR KENTUCKY.

The young bag-worms hatch from the eggs early in May, and

bafore the end of June may become noticeable upon trees. §
Thsy ar> espscially fond of rel cedar, and to a less extent of §
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arbor vitze, and may be found on such trees any season. When
very abundant, they offen denude these trees badly, and will
then appear upon deciduous trees in the neighborhood, ulti-
mately, when very abundant, as they were dnring the summer
of 1893, occurring on most of our shade trees. No doubt they
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Fie. 9. The bag-worm. a, cases fastened to twig of red cedar, as seen when the

i worms have changed to pupwe; b, ¢, d, ¢, bags taken from different trees. 5, from
maple; ¢, from arbor vitwe; d, from spruce; e, from svhite pine. (From a photo-
graph.) :

are carried from tree to tree by winds, as they may offten be

seen suspended from the branches by their silken threads. But

dispersal by this means is uncertain and slow; and from the
fact that the worms could be found on isolated deciduous trees
last summer, I incline to think they sometimes drop to the
ground and creep from one tree to another. Burdened as they

-are with their cases, they are not very active in migrating, and

during ordinary seasons remain pretty closely confined to ever-

greens. During the past summer, they were found to be com-

mon at Lexington on soft maple, elm, poplar, sycamore, black
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locust, red cedar, white pine, willow and linden. They occurred
throughout the State in injurious numbers. Mr. E. A. Trout,
of Trimble county, wrote July 26, that they were stripping
black locust trees of their leaves in his neighborhood, while in
August Mr. Denny P. Smith, of Cadiz, wrote that they were
killing red cedars in the Western part of the StatTe. About the
90th of August, a small proportion of the sacks found on trees
contain pupz, and by September 5 most of the worms have
changed. The winged male begins to emerge about the middle
of September, the first of those kept by us at the Station hav-
ing appeared September 16. On the 25th of last September,
they were observed to be emerging everywhere in large num-
bers, and the fully developed females were at this time found
in their cases. Dnring the early part of Oectober the eggs are
laid, the first being found October 8. By the middle of Octo-
ber, most of the adults have disappeared.

REMEDIAL TREATMENT.

r

Tike the fall web-worm, this is a gnawing insect, and may be
destroyed by spraying with London purple or Paris green. The
important fact in its life-history is this: The worms which in-
jure a given tree are largely in the egg state in cases attached
to the twigs of this tree during the preceding winter. It some-
times involves considerable labor to do this, but for the evergreens
(chiefly red cedar and arbor vitz) from which this pest spreads
it is not very difficult to remove and burn the ecases. For other
trees also this will generally prove the cheapest and most effect-
ive remedy, and it may be undertaken with the satisfaction of
knowing that once the sacks are removed there is no immediate
danger of the trees becoming infested to an injurious extent.
Several small four-winged parasites attack the worms, but these
emerge in the fall, as far as I have had an opportunity to ob-
serve, and hence there need be no hesitation in burning the cases
during the winter.
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THE CATALPA SPHINX
(Sphinz eatalpe).

Fig. 10. (On following page.). The catalpa sphinx. «, egg mass; b, b, young larve
soon after hatching; ¢, young larva; d, view of one of its divisions enlarged; e, f,
h, larvee, the last fully grown; g, 7, views of divisions of body; j, pupa; %, adult
moth. - (From Marx.)

During the summer of 1893 scattered catalpa trees in eastern
Kentucky were stripped of most of their leaves by a caterpillar
resembling in shape the tobacco-worm. It isin fact a member
of the same family as the latter, but it differs from the tobacco-
eating worm in having a black head and a broad lorgitudinal
stripe of velvety black occupying the middle of its back, a
slender white line running parallel with each of its edges. The
sides are sulphur-yellow, dotted with black, while the under
side is pale dull green. It does not attain to the size of the
tobacco-worm, fully grown examples measuring only 2.25-2.50
inches in length as against the 4.00 inches or more of the other.

Unlike the tobacco-worm, it appears only locally and at irregu-
lar periods. But when it does come, its voracity is so great and
its numbers so large, that infested trees are in the course of a
week or two completely denuded of leaves.

During the past summer a few trees on the College grounds at
Lexington were very badly injured, but other trees of the same
species only a short distance from ‘those attacked were un-
touched. The fact was the more noticeable because there were
several broods of worms during the summer, and since the adult
moth flies, well there was no apparent reason why it should not
have distributed its eggs on more of the trees. If this had been
done, however, every tree on the grounds would have lost its
leaves before fall, and hence we may suppose the habit of scat-
tering over a wide area after emerging from the ground, instead
of placing their eggs at once on trees about them, to be an ar-
rangement for protecting the worms from their own destructive-
ness.

The worms leave the trees as suddenly as they appear, all
going into the ground for pupation about the same time. The
pupa closely resembles the brown objects with structure at one
side like the handle of a pitcher which we find in gardens in
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spring. This latter is the pupa of the tobacco or tomato-worm.

The pupa of the catalpa sphinx has the same general shape,

but lacks the tongue-case. It varies in length from 1.28 to 1.56
inch. The color is bright fulvus (yellowish brown), with an
obscure dark stripe along the middle of the back. The body

tapers somewhat towards the extremities, terminating hehind in,
a short spitie, and in front being bluntly rounded. The surface .
is rather smooth’ and shining below, but above is minutely -
1'ou0hened especially so on the head and thorax where it be-
comes opaque. On each side of the abdomen are three mther;

large slits on as many body divisions, and on each side near the

front end’ is another similar opening. They resemble large

breathing pores, but cannot have to do with respiration because

true pores (spnacles) occur on the segments of the body bearing

the clefts.
The adult is one'of the hawk-moths, such as are seen about

flowers of summer evenings. The catalpa moth is more retiring
than others of its family, and has never been captured as far
as 1 know about flower-beds. I have not myself secured any

examples except those carried through their changes in boxes.

They are dull brownish gray in color, with obscure lines and
spots of black. The more noticeable marks on the wings are:

A spot on the front margin of the fore wing about a third the ‘

distance from the base to the apex; from it a line extends ob-
liquely across the wing, and parallel and within the latter is
another narrow line. The disk of the wing is uniformly brown,
excepting for a whitish dot encircled with black. The outer
third of the fore wirg has a number of zigzag black lines ex-
Tending across it, and a distinct black dash running from the
‘apex obliquely inward. The hind wings show only two very

¥ obscure cross bands; the fringes are black, brokenat intervals

with white. The sides of the head and thorax are dark
brownish black ; above this the coloris light gray, then' come
the black lines ‘of the thorax, separating the light gray from
the brownish gray of the middle part of the thorax, -The ab-

b domen presents three dlstlnct longitudinal lines of black, one

median, the others at each side, and consnstmg of a series of

contiguous spots. Still farther down on each side is another

very faint line likely to be overlooked. On the middle of the
8—6 E. 8
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abdomen beneath are several small black dots. Largé examples

have a wing expanse of about 3 inches. The body measures
about 1.25 inch in length. :
LIFE-HISTORY. ‘ :

The history of the worm for this region is as follows: The
worms appear suddenly about the middle.of June, hatching
from eggs laid in a cluster on a leaf. On the 28th of June, in
1893, those observed were nearly ready fo leave the trees, and
all had done so and had changed to pup in the ground before
July 10. The adults of this brood began to appear above
ground July 17, and all were out before July 22, at which date
one of the females in a box at the Station began to lay eggs for a
second brood. On August 18, 1893, nearly grown worms of the
second brood were obtained from trees at Lexington, and by Au-
gust 21 these had gone into the ground for pupation. Four
adult moths were obtained from these on September 13, 1893.

- Now, either these moths hibernate and thus carry the species
through the winter, or else they lay eggs for a third brood which
passes the winier in the ground as pupz. The latter method of
hibernating seems the most probable in view of what we know
of related worms, but my observations will not permit me to
decide upon this point. oL

REMEDIAL TREATMENT.

Practically the question as fo how these insects pass the winter
is not of as much importance as in the case of some other inju-
rious species. Spraying the leaves of infested trees with some
of the well-known poisons mentioned above can be counted on
as a sale remedy. !

T found last summer that it was possible in the. case of most
catalpa trees to dislodge the nearly grown worms by jarring.
By suddenly shaking a limb they could be make’to drop like
ripened fruit, and could then be quickly destroyed. In a few
moments, on one occasion, I removed in this way every worm

from a tree, to the number of not less than a hundred and fifty.

A CATALPA SPHINX PARASITE.

The worms are parasitized by a fly which places its eggs on
their skins, giving rise to grubs which bore into and live upon
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their tissues. The adult flies emerge after the catalpa sphinx
has pupated in the ground. The fly measures .31-.37 inch in
length ; is gray, with black markings, of which the more con-
spicuous are four' narrow longitudinal lines on the thorax, and
cross bands occupying the hind portion of the divisions of the
abdomen. The face is silvery, the eyes reddish brown, the legs
black, excepting the outside of the front thighs, which are
whitish. The whole body is protected by numerous strong
black hairs, these being especially well developed on the head
above and at the tip of the abdomen, where they form a sort of
brush. It does not seem to be common enough to help greatly
in keeping the worms from mischief, but, like other parasites,
may serve a useful purpose when 1its hosts become extraordi-

~narily abundant.- From more than a hundred worms kept at

the Station during the summer of 1893, only four examples of
the parasitic fly were obtained. Two of these emerged July 17,
another on July 18, and the other July 20.

THE WALNUT CATERPILLAR
(Datana integerrima).

Walnut trees, while not making the best of shade, are fre-
quently spared when growing about sites selected for dwellings.
Their value in this sitnation is greatly diminished here in Ken-
tucky by the attacks of a (fnterpillar on the leaves. It is no
uncommon thing to see large trees 50-60 feet in height almost
completely deprived of foliage in the latter part of summer by
these caterpillars. In addition to destroying the leaves, they
make themselves very annoying by throwing down refuse, and
by overrunning walks and buildings in the neighborhood when
they descend from the trees to go into the ground.

The caterpillars; when grown, are black, without evident
markings, and .are loosely clothed with soft whitish hairs.

8 When they come down from the trees, they measure about two

inches in length. The young caterpillars are pale in color, and
are distinetly striped with whitish. When they leave the trees,
they have the singular habit of collecting on the trunks near
the base in large masses of a hundred or more individuals. At
Lexington, such masses have been observed as early as July 19,
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these probably representing an early brood ; but the injury is at
its worst during August, and the greater number of larvae come
from the trees daring the last half of August and the first half
of September. I have no record of adult moths observed be-
tween July 19 and September 1, but am disposed to think
think there are two broods every summer.

The pupa is formed in the ground under the trees, and that
of the late brood remains here over winter, the moth emerging
during the first half of June of the following spring.

The moth is reddish brown in color, with a patch of deeper
brown on the thorax. The front wings, which have an expanse
of from 1.80 to 2.80 inches, are crossed with five dark lines, the
first being nearest the base, the second at about the middle of the
wing, and the remaining three being close together on the outer
half. The fourth line is fainter than the others, and is very
close to the fifth. The region between the first and second is
darker than other parts of the surface, and bears a black dot
near the front edge of the wing. The moth is much like that
of the red-necked apple tree.caterpillar, but its wings are less
aniform in color, and the cross lines are accompanied with
rather wide but obscurely outlined pale bands.

Besides walnut, the species is said to attack willow, honey-
locust, thorn and apple. For several years I have had a walnut
tree in my yard, and among the many caterpillars and moths ob-
served about it, I have never seen an example of the apple-in-
festing species. Nor have 1 seen the present species on any
other trees besides walnut and hickory.

REMEDIAL TREATMENT.

The remedies to be recommended for injury by this caterpillar
are spraying the leaves with poisonous mixtures, and trapping
the worms as they descend from the tree. The great height of
walnut trees makes thorough spraying rather difficult unless one
is well equipped for such work. The greater number of worms
descend along the trunks of the trees during the night, and
should be destroyed whenever fouund collecting on the trunks.
To prevent the escape of those which do not collect in this way
I would advise the construction of a wooden frame about the

o
i
=
i
ey
1

in
fo

th
lai

co
th
bil



uf

11-
1y

ar
ng

of

ms
nd
38.
ay
the

REPORT OF AGRICULTURAL EXPERIMENT STATION. 117

infested trees, similar to that which has been used in the East
for the elm leaf-beetle.

A squars frame counld be fitted closely about the trunk near
the base, and thé corters covered or filled to kKeep the caterpil-
lars from going down this way. Then by tacking about its
upper edges or along its outside a trough of tin to be filled with
coal oil, their descent might be effectually prevented. Some of

‘the worms drop to the ground from the leaves, hence the desira-

bility of spraying the leaves when this is practicable.

LOCUST . LEAF-MINERS

(Lithocolletis robimiella, etc).

Locust trees in Kentucky seem to be peculiarly subject to the
attacks of several leaf-miners, the adults of which are small
moths. belonging to the same family as the common clothes
moth. One or another species is to be found mining the leaves
throughout the summer, from June to September, and often
several may be found working together on the same tree. The
moths themselves are rarely seen, because of their minunte size.
They place their lenticular eggs, usually one on a leaflet, and
then disappear ; but the flattened grubs hatching from these
eggs bore into the leaf, eating away its substance and detaching
at the same time the epidermis, thus producing blotches which
at once attract attention. Towards fall one may see trees with
most of the leaves rendered by these miners so brown that they
give to the trees the appearance of having been killed. Exami-
nation of the leaves of locust trees at intervals during the sum-
mer will show the presence of four distinct species, three moths
and one beetle, which may be recognized by the character of
the mine. The grubs are so small as to be difficult of examina-
tion, except with a magnifier.

1. One of the most abundant of the moths places its eggs on
the leaves early in June, and its young make a large mine oc-
cupying much of the leaflets immediately above the midrib.

_ These mines usually have extensions or lobes from the sides, so
\tlmt their outline becomes finally very irregular. Several broods

appear each season. The technical name of this miner is Gra-
cillaria robiniella.
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9. The second species, also a moth (Lithocolletis robiniella),
proves common in the latter part of summer, my first record of
its appearance being August 5. The majority of the mines of
this species are on the under side of leaflets, and are of a pure
white color. They may be at the margin of the leaflet or elsewhere,
and the online is generally not irregular. The grubs make for
themselves small lenticular silken cocoons in the mines when
ready to change, the moths emerging from them during the lat-
ter part of August, possibly to place eggs for another brood.

3. The remaining moth (Lithocolletis ostensackenella) pro-
duces a yellow blotch-mine placed anywhere on the upper side
of the leaflets, and at first narrow and tortuous, but finally en-
larging suddenly, and becoming more or less circular in outline.
The mines begin to appear early in June (observed by me first,
June 11), are empty by the first of August, the moths having
matured, and a second lot begins to become noticeable about
August 24.

4. The fourth and last miner Is, when adult, a small beetle
(Odontota scutellaris), with somewhat flattened body, measur-
ing nearly .25 inch in length. It is black, with the exception
of the thorax, and the sides of the wing-covers, these being
tawny yellow. It is very injurious to black locust, and appears
to attack apple leaves at times also. Mr. John W. Buck, of
Midway, wrote me some time ago, enclosing specimens of the
beetle, and stating that it was ruining the leaves of his apple
t7ees. The adults become common on the leaves of locust trees
about May 22, and the peculiar egg masses can be found by
June 1. The masses consist of five or six discoid eggs, placed
one behind another, with their flattened surfdces in contact.
The young grabs, which are not very different from those of the
moths, cut throngh the side of the eggs next the leaf, and bore
down into the substance of the latter, all of those from an egg-
mass living for a time in a single mine, but later scattering, and
making each a mine of its own. When removed from their
mines, they cut a slit in the leaf with their jaws, and work their
way into the leaf again very rapidly, the whole length of the

body being concealed in less than an hour. By June 30 the

grubs begin to change to pupa, some leaving the mines for this
purpose, and shortly afterward the beetles appear.
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REMEDIAL TREATMENT.

It has been stated that hand picking can be made to check
the injuries of the small beetle last mentioned, but to any one
who has witnessed its attacks in Eastern Kentucky this will
seem incredible. The larger part of the leaves of all the trees
of a neighborhood may be occupied by mines made by one or
more of the above insects. Since they are ordinarily concealed
within the leaves it might seem that it would be impossible to
reach them by spraying, but when it is remembered that this
method has proved very satisfactory in dealing with the codling
moth, and that the adults of the beetles feed to some extent on
the leaves, it will not appear impracticable. Iam inclined to
believe it can be made to answer the purpose if it is supple-
mented by raking up and burning the fallen leaves in the fall
of the year, so as\to catch the species which spend the winter
among them.

THE LOCUST LEAF-SKELETONIZER

(Gelechia pseudacaciella).

This is another moth closely related with the three leaf-miners
mentioned above, which, associated with them, or alone, has a
very injurions effect on the trees. The young of this is larger
than the others, cylindrical, with striped body, and lives be-
tween the leaflets, which it fastens tegether with silk, and then
gnaws away the surface of the leaf, exposing the skeleton. 1t
has proved most injurious during August and September.

The same treatment is to be recommended as for the pre-
ceding. :

: THE LOCUST SKIPPER
. (Budamus tityrus).

The skipper of the black locust is a brown butterfly with wing
expanse of a trifle less than two inches, and is so called because
of its jerky flight. It may be seen about the trees in summer
thiniits eggs on the leaves, and is a common visitor to many
kinds of flowers, being especially fond of nectar from the heads
of red clover. The species may be known from some fifteen
other skipping butterflies occurring in Kentucky by ifs superior
size, and by a large silvery white blotch on the under side of
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the hind wing. The front wings are marked by ¢ne large and
several small blotches of brownish yellow. The mischief is
done by the larva, a stout pale green worm. with large, globu-
lar, reddish brown head, to which a comical expression is given
by two round yellow spots, very likely to be mistaken for eyes.
The worms usually make their presence known by devouring
the leaves. They feed largely at night, and during the day
are concealed in little shelters which they constrnct by stretch-
ing bands of silk across from one leaflet to another, so as to
draw them unp and about their bodies. When a free begins to
lose its leaves one may, by close looking, find the culprits by
these rolled leaves, between which they lie. Several broods are
reared each summer, but the eggs appear to be deposited at in-
tervals during a considerable period of time, very young larvee
occurring on the same ftree with worms nearly grown. The
change to a quiescent pupa takes place within the rolled leaves,
which are lined with silk for the purpose. The last brood does
most of the mischief from which the locust suffers. Many of
the larvee are about one-fourth grown at this latitude on Au-
gust 20, and change rapidly to pupz® about September 15, re-
maining in this condition over winter. The injury is to be
checked by spraying. '

v

POPLAR DEFOLIATORS.
(Lethyura inclusa).

Several caterpillars and leaf-miners mar the poplar trees
planted in Kentucky, of which perhaps the most destructive is
the above. When actively injnrious it isa worin, or caterpillar,
reaching a length of about one inch, and may be-known by the
following characters: Head, jointed legs,-a plate at hind ex-
tremity, and two double tubercles ‘on the back!. black. Four
Jongitudinal yellow lines along the middle of back. Each side
with faint yellow lines and two series or black dofs.

The caterpillars‘are found during the day in leaves which
they have rolled together and lined with silk, the petioles being
fastened to the twigs with silk. Young Lombardy poplars are
often seen with but little in the way of leaves besides those
occupied by the caterpillars. They appear in June and again in

T Eg e s

Aug
8ing



REPORT OF AGRICULTURAL EXPERIMENT STATION. 121

1d August, hatching from eggs of a pale lilac color placed in a
is B single layer of from 114-134, on the under side of the leaf.
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The ‘eggs (.02 inch in diameter) appear to be spherical, but
really are only about two thirds of a sphere, the side attached
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to the leaf being flattened. The eggs are laid by an obscurely
marked gray moth with wing expanse of about 1.12 inch.

Immediately after hatching, the worms are pale green with
numerous black spots, the double tubercles being just visible.
They live in a company on the upper side of the‘leaf, building
over themselves a tent-like web, and guawing away the upper
layer of leaf substance so as to expose the skeleton. Eventually
the leaf is drawn together so as to completely enclose them, but
with openings through which they can pass in and out when
feeding. Other species which also fold the leaves are some-
times associated with this species on the same tree. Since all
injure the leaves in the same way, viz: by gnawing, it is not
necessary to give a separate account of them at present.

They can be destroyed by spraying with Paris green.

THE ELM BORER
(Saperda tridentata).

In the latter part of June, 1892, my attention was
called to a diseased condition of elm trees about the
streets of Frankfort, the nature of which was not ap-
parent, though it was supposed to be due to the at-
tacks of insects. On June 27 I made a visit to
Frankfort for the purpose of examining the trees,
and found that some valuable elms were dying, and
Fig. 12. The that several others were already dead. The affected

?']]“:l}"),ﬁ(j trees were among the largest and finest in the city.

}ilil{* =1:3 :_hc All those examined were American elms (Ulmus
elt of Ng- ' : J

are shows ammericana). The trouble was said to be new to the
the natu-

il sizo.locality, but appeared to be making rapid headway.
Examination of the dead and dying trees showed that their con-
dition was not due toinjury by leaf-eating insects, for the foliage
remain untouched. An examination of affected trees, which

still retained many green leaves, showed that the bark was un-
sound in places near the base of the trunk; but most of the
insects under such bark were common srecies, known to feed
on dead wood everywhere. From burrows under some of this
bark, however, a borer was obtained, which belongs to the
species, the name of which heads this paragraph. The number
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present did not seem to me sufficient to account for the death of
the trees. In fact, on one of those almost dead, the inner bark,
though discolored, was intact, and no trace of insects could be
found about it. Such insects, however, may begin their attack
on the branches and upper parts of the trank, and an examina-
tion of these parts could not be made conveniently without cutting
down the trees. When this was done in the fall I was enabled,

through the kindness of the State Commissioner of Agriculture

and his assistants, to examine the trees again. On the tenth of
September my assistant, Mr. Terrill, went ta Frankfort and
brought back with him a portion of one of the trees for more
careful examination at the Station. The elm-borer was then
found to be abundant under the bark, always in the grub state.
The inner bark of the greater part of the trunk was mined and
eaten so that it could be detached in large pieces. The portion
brought to Lexington was from one of the larger branches, and
was cut out near the trunk. Several wood-boring grubs were
found at work on it, but by far the larger number were the
species which had been found mining the bark earlier in the
season. It was, therefore, evident that the injury was done in
part at least by the elm-borer. The decline of the trees may
have been due primarily to something else, such as exhaustion
of nourishing matter in the soil. A starved tree is always the
prey of injurious insects and fungi, somewhat as a feeble man
1s more snbject to disease than a strong and vigorous one; but
there can be no question as to the activity of these insects in
destroying the trees npoﬁ which, from whatever cause, they
once secured a foothold. g

The insect is not a new one in this part of the world. It was
known to the authorities of eastern cities many years ago as an

¢ enemy of the elm trees planted for shade along thoroughfares.

Writing of his experience with it among trees on the Boston
Common in 1847, Harris says: ‘* The trees were found to have
suffered terribly from the ravages of these insects. Several of
them had already been cut down, as past recovery ; others were
in a dying state, and nearly all of them were more or less
affected with disease or premature decay. Their bark was per-
forated, to the height of thirty feet from the ground, with
numerous holes, through which insects had escaped ; and large
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pieces had become so loose, by the undermining of the grubs, §& Fran
as to yield to slight efforts, and come off in flakes.” bein;
Somewhat later Dr. Asa Fitch observed the same insect about wing
diseased elms in New York. The species attacked in this case ante!
was the slippery elm (Ulmus fulva), and he states that when- B legs,
ever portions of the bark of this tree has been stripped off for parts
medicinal purposes ¢ the remaining bark immediately becomes hairs
filled with these worms, by which all its inner layers are con- belo
sumed in a few months and changed to worm-dust.”’ di_vis
More recently still an outbreak of the pest occurred in Illinois, with
where T had an opportunity to observe it. Tts work in this ik
State was not confined to large trees, young ones twenty feet or fuie
less in height being also attacked. At the time-of the outbreak S
Prot. Forbes, the State Entomologist, wrote: ““The difficulty shor
with the trees commonly commences to declare itself from the fhe
middle of summer to autumn, when the leaves, first upon the for ¢
terminal twigs and then upon the larger branches, are seen to Tl
stop their growth, change their color and ultimately to fall.” colo
The first attack was sometimes made on the upper branches, It
these being killed, while the remainder continued to put forth ¢ & &
new leaves until they were invaded. ﬂ_lm
The grub which mines the bark measures, when fully grown & %vllllli:
and extended, about one inch in length ; is cylindrical in gen- e
eral shape, but becomes somewhat enlarged and flattened at the B8 g
P |

front end, like the round-headed apple tree-borer. The head is @& ' (.
immersed in the succeeding division of the body, and hence |
geems smaller than it really is. It is of a dark brown' color,
and is provided with strong black jaws, usually more or 1ess
concealed by a membranous upper lip. The next division of
the body is largest and widest, measuring about twice. as wide :
as long ; it is covered above with a rather firm, yellowish brown B
crust, forming a sort of shield, and bounded at each side by: 8

; LR 3 3 & frie

short groove, the succeeding divisions becoming rapidly nar- @&
4 .
rower to the fourth, from which the diameter changes bat little |8 . L
B 1irst

to the last but one. The terminal division of the thirteen com
posing the body is small and conical. The grub has no legs.
The winter is passed in the grub state, but the next spring the
pupa stage is assumed in. the burrows. Those obtained al
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Frankfort are oune-half inch long, rather slender, the abdomen
being somewhat produced, but terminating bluntly ; limbs and
wing-pads folded against the body as usual in such pupz ; the
antennee extend around the femora of the two first pairs of

& legs, then turn forward so that the tips lie above the free mouth

parts ; on the head and thorax are a number of short black
hairs arranged symmetrically, of which a series of four or five
below the antenna of.each side, and others along the front
division of the thorax are conspicuous; divisions of the thorax
with a median’longitudinal channel abovet abdomen distinctly
segmented, margined, each division with tuobercles with mi-
nute spines projecting backwards; tip of abdomen with a

number of short hairs on each side. This stage lasts but a
short time, when the final moult of the skin takes place and -
the adult beetle comes forth to lay eggs on the bark of trees

for a fresh lot of gr\ubs.

The beetle is a small slender insect, rather obscure in its
colors, and so shy and retiring of habit that it is not often seen.
It measures about 0.50 inch in length. Its color is brown with
a grayish cast. It is marked with several black dots on the
thorax and wing covers, and on the latter at each side is a mar-
ginal line of dull red, from which are given off three branches
which project obliquely backward. The latter markings give
the species its technical name ¢ridentata.

R /"“} Quite a number of parasites, small four-winged

\ & flies, were obtained trom wood from a diseased
Frankfort elm, but since there were three other
¢ /AN Dborers besides the one described above, at work

U on the wood it is not certain which species they
Fig. 13. Theadult were preying upon. The presumption is from the
of the elm borer. greater numbers in which the elm borer oscurred
that they come from it, and there is reason to hope that these
friends of ours will greatly increase.

The adult beetles emerged at the Station during May and the
first half of June. A single living example was taken from the
boxes in which our infested wood was kept on July 21, hence

the beetles are probably abroad during some portion of July
also.
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"REMEDIAL TREATMENT.

It will be seen from the statements already made that the
borers are in the bark of trees during the fall and winter months,
and it is plain that if affected trees could be cut down and
burned at this time large numbers of the insects would be de-
stroyed. This practice is to be recommended for all trees which
are plainly past saving. Burning during the spring and early
summer could not serve a useful purpose, because the beetles
are out of the bark during this part of the year.

To defend trees from attack it may be suggested that the
tranks, and, if possible, the larger branches be coated with
whitewash to which Paris green has been added in the propor-
tion of + pound to ten gallons of the wash. ‘This poison is
known to have a good effect in saving vegetation from attacks
of insects by killing the young when they begin. to bore into
the tissues. Such a wash should be applied early in the spring
before the beetles emerge, and should be renewed from time to
time, aslong as there is danger of beetles being about, i. e. until
the middle of July.

A good many years ago a French authority on forestry rec-
ommended the scraping and cntting away of the bark of trees
attacked by borers as one of the most satisfactory remedies
known to him. His idea was that this treatment encouraged
the flow of sap to the scored bark, so that the grubs were unable

. to mine it. Itis well known that trees do defend themselves

ander some circumstances by filling up the burrows of insects
as fast as these are made, and on some fruit trees one may find
scores of burrows thus started and afterwards abandoned be-
cause of a gummy exudation which fills them. The experi-
ments of the Frenchman, M. Robert, were made chiefly on
elms, but with reference to beetles belonging to a different
family from that of the American elm-borer. Both boreinto the
inner bark and sap wood, however, and it is probable, therefore,
that the treatment he recommends will serve as well for our elms.
He began by cutting out long strips of bark about 2-2.50 inches
wide, extending from the ground to the branches. . A new
orowth of bark was at once formed here, which projected asa
longitudinal ridge in which the sap circulated so vigorously
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‘that the grubs in the immediate neighborhood were destroyed,

and the tree itself showed an increase in general vigor. His
next experiment was to remove from infested trees all the outer
bark of the trunk, usually styled the corky layer. It was
found that the grubs in the inner bark quickly perished, either
from the ivcreased flow of sap or from more complete exposure
to the action of the sun. He claimed that this treatment stim-
ulated the trees to'renewed growth, that it improved their gen-
eral condition, and that the new bark which replaces that which
is removed is so smooth and thin that the beetles will not resort
to it to deposit their eggs. The treatment, it is held, does no
injury to the trees. M. Robert treated at one time over 2,000
trees along the boulevards and public roads of France with
marked success. -The same treatment serves, it is said, to in-
vigorate apple trees which have ceased to bear, and has long
been employed by fruit-growers in Normandy.

PINE BARK-BEETLES

(Tomicus calligraphus. etc).

Pine trees in cultivation sometimes suffer from the minings
of small stout-bodied grubs which destroy:the inner bark in
much the same manner as the elm borer. Several different spe-
cies of the same family (Scolytideae) are often concerned in this
work of destruction, but the one found abundantly on pines in
this vicinity is the species named above.

The adult beetle is a small compact, ¢ylindrical, brown object
about 0.20 inch long, with short legs, and is to be known from
beetles of other kinds by a singular excavation at the extremity
of its body with toothed edges. It looks as if it had been mu-
tilated by having the hind part of .the wing covers gouged out.
These beetles bore into the bark of trees making a channel of
some length, which after the inner bark is reached, is made
parallel with the surface. The eggs are placed at intervals
along this channel, and-the grubs hatching from these push into
the adjacent bark, so that it becomes eventually completely de-
stroyed by them.

The adults appear very early in the spring, being observed by
us to be abundant nnder the bark of an Austrian pine at Lex-

X

T T T R N L AT vorre=
e : —r— s - abil B

T TS WY

AN

B R S N DR f I S IR

T E e e T TR

e

by
AR AR 2D




128 REPORT OF AGRICULTURAL EXPERIMENT STATION.

ington, February 29. At this date no larvae or pup:e could be
found, though the pupal skins were comumion in’ the burrows,
showing that the beetles had recently matured. Beetles of this
prood place their eggs in burrows under the bark during April
and May, and then disappear. The grubs hatching from these
mature during the summer and place eggs for another brood,
which is in tarn matured in the fall and winter months. < The

beetles found by us in February belonged to this brood, and

were evidently only waiting for mild weather, when they would

have escaped and deposited their eggs.

I am disposed to think that this beetle attacks trees only
when their vitality is already low from the effects of drought,
anfavorable sitnation, or the attacks of other pests. However
this may be, it sometimes completes the destruction of valuable
trees, suffering from what would otherwise have been only a
temporary weakness. Trees in a dying condition from attacks
of such borers should be promptly cut down and burned, care
being taken to destroy a1l the bark and larger branches. Borers
of this sort have been known to be disseminated among trees of
a neighborhood from the lumber and logs about saw-mills. Dead
and dying trees infested with borers are even more to be feared
as centers of dissemination of pests. They can be burned fto
best advantage in winter, since the baetles are dormant at this
season under the bark. During spring and in mid-summer they
are abroad finding places to deposit their eggs, and hence burn-
ing at these times could not be expected to do so much good.
Coating trees liable to attack with whitewash, to which some
Paris green has been added, is a treatment I have sometimes
recommended as a means of deterring the bebtles from boring
into the bark to place their eggs. To be effective, such treat-
ment should be employed very early in spring before the beetles
leave their winter quarters, and the application should be re-
newed {rom time to time during the summer.

Removing the outer bark to expose the grubs and stimulate
the activities of the trees, as suggested in treating the elm-borer,
may be found effective for the pine bark beetles also, as M.
Robert’s experiments were made with reference to checking the
injuries of a clossly related insect belonging to the same family.
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. THE MAPLE BARK-LOUSE

(Pulvinaria innumerabilis).

Fig. 14. Maple tree bark-louse.' a, on the leaf; 0, crowded together on a twig.
(From Riley.)

This is the insect that may be seen forming white cottony tufts
on the twigs of maple trees along our.streets in early spring. It
is one of the scale-insects, and does its mischief by puncturing
the Jeaves and abstracting the sap of the trees. The species has
already been treated in Bulletin 40 of the Station, to which
those interested in the pest are referred.- It is quite uniformly
distributed among maple trees in Kentucky, and will bear
watching.
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II. AN E’XPERLMENT' OnN PLUJlf ROT.

BY H. GARMAN.

Several plum trees standing near the house on the Experiment
Farm have always been badly affected with the brown rof,
due to the fungus parasite, known as Monilia fructigena.
Last spring it was decided to treat ome of -these trees with
Bordeaux mixture, leaving another standing beside it as a
check. The former was sprayed on June 9, 1893, with Bordeaux
mixture, about 2} gallons being applied to the leaves and young
fruit with a knapsack sprayer. The mixture was prepared by
the formula employed for the apple experiments of 1392, and
reported in Bulletin 44. -

On July 5, the tree was sprayed again, about the same quan
tity of the mixture being applied.

The season was very unfavorable for fruit of all sorts, and
neither the sprayed nor the check tree bore as full crops of fruit
as usual. As far as it goes, however, the result is in favor of
spraying. Some rotting fruit was observed at the time of pick-
ing on both trees, and a good many plums rotted and fell from
both during the summer. On Aungust 22, the plums were re
moved.

From the sprayed tree (No. 465) I took 477 plums, weighing
114 pounds. These averaged a little smaller than those from the
check tree, and the skins of some showed a peculiar roughness
due either to a caustic action of the mixture, or else is: simply
a peculiarity of the tree. As the fruit of the trees have mnot
before been compared, it is not safe to decide. about this 1
have never witnessed any similar effect from spraying grapes
and apples, though it may prove that plums are more sensitive
to the copper and lime.

The unsprayed check tree (No. 466) yielded 254 plums, weigh-
ing 6 pounds and 4 ounce.

The difference in favor of spraying is thus about 53 poundsin
the weight of fruit. Or we may say the spraying increased the
yield about 48 per _cent. ;
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