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NuMBER 160.
THE CODLING MOTH.
(Cydta pomotulla Linn.)

BY

W.

J. GREEN AND J.

S.

HOUSER.

Since the codling moth is so well known in most localities and
since there is already much in print concerning its life history, an
additional description seems hardly necessary; but for the benefit
of those who may as yet be unacquainted with it, and who for this
reason can not understand the subject matter which is to follow, a
few preliminary words may not be amiss.
HOW THE CODLING MOTH APPEARS IN EACH OF TID:; FOUR DIFFERENT
STAGES OF ITS LIF'E HISTORY.
THE ADULT (Plate I, Fig. 1) is a small, brownish-gray moth,
having a wing expanse of about U inch. Upon being critically examined the fore wings are found to bear, near the outer margin, a
small spot of brown and gold, while the remainder of the surface
has more of a mottled aspect. The hind wings are somewhat
lighter, not mottled, and are covered with long hairs which extend
beyond the outer margin, forming a ft~inge. The fore wings also
bear a fringe which is not quite so long.
THE EGG (Plate I, Fig. 2). The egg may be described as
resembling a very thin sheet of gelatin, faintly yellowed, and
scarcely as large in circumferance as a pin head.
Early in the
season the majority are to be found glued to the young fruit, but
later larger numbers appear on the leaves.
THE LARVA (Plate I, Figs. 3 and 4) when first hatched is
rarely seen, it being but little long-er than the width of the egg,
but when full grown measures about % inch in length and is a little
larger around than a match head. The head is then dark brown,
while the body on the dorsal or back side is of a pinkish tinge, which
gradually fades to an almost pure white on the ventral or under
side.
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THE PuPA (Plate I, Fig. 5) found within the silken --1ocoo1t
spun by the larva in some sheltered place, such as a crevice beneath
a piece of rubbish, etc., has very much the shape of many of our
common cased chrysalids, is about ;6 inch long and is of a light
brown color.
SO~IE

FACTS REGARDING THE LIFE CYCLE OF THE INSECT.

Various writers disagree slightly regarding the time consumed
by the moth in passing through the four stages of its life cycle.
According to their observations it ranges from 49 to 58 days during
the summer months, when the conditions are most favorable. The
oyer-wintering brood of course takes a longer time.
Although the pest has been under the eye of entomologists
for a great many years, there still remain some points regarding it
\vhich are not exactly understood. With the idea in mind of clearing up some of these, considerable work was done upon trees in the
Station orchard during the summer of 1903, under the direction of
Prof. P. J. Parrott. For the purpose of this investigation two large
apple trees were selected and left unsprayed. After the young
fruit had become of considerable size an apparatus after the following description was arranged under each tree, so that as many as
possible of the worms which came from it might be accounted
for and their actions studied. A large, square sheet was fastened
closely around the base of the tree, in the center, with the outer
edges extending beyond the branches on every side. A frame of
six-inch boards, set edgewise, was placed around the margin of the
sheet, to which the latter was stretched and secured. Or it may be
said in other words that a shallow pan, having a canvas bottom and
wooden sides, was placed under the tree. The inner side of these
boards was coated with Borer Tanglefoot*-a viscid substance
practically the same as the material on the sticky side of tanglefoot fly paper. This was to prevent the larvae, which came from the
tree under observation, from escaping and also to serve as a barrier
against those coming from other trees. A number of loose boards
were laid on the sheet, that the larvae might be afforded a place to
pupate or spin their cocoons. The loose bark was next removed
from the trunk and larger branches of the tree, after which three
bands were placed around the trunk. A band of burlap about eight
inches in width was fastened at a distance of three feet from the
ground, another of the same material was placed just above the
surface, and midway between these was a band of tangle-foot, some
three inches wide, smeared directly on the body of the tree. The
office of each of these bands will be noticed later.
.-rhia material ia manufactured 'b.r tbe 0. W. Tb'tlm. Co., of. GraJld Rapidll, Mich.
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soon as the apples began to fall a careful daily record was
kept, with the view of determining as nearly as possible the exact
actions of the codling moth larvae from that time until the time when
the apples were picked. The sum total of these records, taken from
the two trees and extending over the period from July 30 until
{)ctober 13, is as follows:
As

I

Xo. of
apple'

I

No of
worm'l

No. not
"'army

Worms
on sheet

I
3,457

1

720

507

1

309

Worms
under
lower
band

34

'\"\"orms
tvlder

upper
band

53

Wo~m' I

II

Worms Over one No. of
on j~tgle- in apple in apple seconds t

1

33"- 1 201

8

58

* 18 of these were on the upper side of the barrd headod downward and 15 were on the lower side
headed upward.
t By "seconds" is meant those apples which contained one worm and gave evidence of having
previously contained another.

From the preceding data it will be noticed that the number of
worms accounted for is less than one-fourth as great as the number
of apples showing worm injury. This was undoubtedly due to a
number of causes, probably the most important of which was the
constant feeding on them by birds and predaceous insects; again, to
the fact that one larva sometimes enters more than one apple; and
lastly, the possibility that some pupate on the upper portions of the
tree. 72 per cent of the worms either left the apples before they
fell or before the count was made after they bad fallen, which
usually occurred inside of 24 hours.
For some years a general supposition has existed that any method
of destroying the wind-falls, such as hand picking or pasturing this
o~chard, would aid materially in keeping this insect in check, but
from these observations and from those of Prof. E. D. Ball* it
appears that scarcely as much importance can be attached to this
practice as was once done. 9.8 per cent of the larvae, started down
the body of th.e tree and either stopped at the upper band to
pupate, or in attempting to go further were caught in the band of
tangle-foot. It was noticed that a larva could go only a very short
distance in this sticky material, and in no instance was one known
to be able to turn and retrace its path.
The number of larvae
attempting to ascend the trunk of the tree and which were found
either under th~ lower band of burlap or were caught in the tanglefoot above was somewhat smaller, it being 6.8 per cent. The latter
percentage would probably have been increased had the fallen
apples been allowed to remain on the ground for a longer period, as
would naturally be the case in an ordinary orchard. Combinmg
~ulletin

f57, Utah Agricultural Experiment Station.
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these two band records we see that 16.6 per cent of the worms were
thus entrapped. Of the fallen apples that were wormy, only 1.9
per cent either yielded two worms or cont~ined one and gave
evidence of having previously contained another.
One of the important things to be noted in this investigation is
the fact that of the 65 days in which counts were made, there were
only .5 in which no ;worms could be found. br, in other words,
adult larvae of the codling moth were present throughout the
greater part of the growing season and were still active October 13
at the time of the last count. Another point to be borne in mind is
that though they were present continuously there was a certain time
when their numbers were very much increased, this period occuring
rather late in the season. The apples began to drop during the
last week in July. The apparatus as described before was then
arranged and the first count made July 30. At first the daily catch
of worms was small. The curve shown on Plate III illustrates the
rate of increase and decrease throughout the season.
In taking the numbers from the daily record from which this
curve was drawn, only those larvae were counted that were found
outside the apple, this being considered a proof that they were full
gro:wn. Furthermore, if it was shown by the records that the count
had been omitted for any particular day, the number obtained the
day following was apportioned equally between the two. It was
noticed that during storm periods the larvae appeared in larger
numbers than at other times; this fact seems, at least, to account
partially for the abrupt fluctuations in the curve. Such periods as
these occurred August 1'7, August 24, September '7, September
16-17, September 24, and October 5.
GENERATIONS.

It is admitted quite generally that within· a single season the
codling moth passes through two generations in most of the apple
growing districts of the United States, and indeed there is sometimes evidence of a partial third generation. Our observations along
this line are hardly complete enough to warrant us in making a
direct statement, but it is quite probable that the results of future
work will conform to those of others now on record. The curve
shows a fairly gradual in•rease up to the maximum period,
September 16, and from then a slightly less gradual decrease.
The :field notes for the few days preceding and following this
maximum period, which was in all probability the main part of
the second brood, are as f.ows:
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-Date

Worms Worms Worms Worms
Over
under under
No. of No of No. not Worms
on
No of
on
in
one in .;;econds
lm.ver upper tang-le- apple
apples '"orms '"army sheet
apple
band band
foot

September 12 ......

34

20

..

16

..

..

..

..

109

42

9

29

2

..

..
..

4

14 ......

11

1

2

..

15 ......

56

33

4

25

1

2

..

5

..

1

"

83

44

4

32

..

3

i' •.

9

I

4

..

16 ......
17 .....

201

40

68

18

2

3

2

3

18 ......

21

3

17

..

15

"

16

1t
2

32

2

4

1

..

..

..
..

..

19 ......

..

3

"

..

1
1

1

,.1 headed upward, 1 headed downward.
tHeaded upwards.

The larval period is spent within the fruit and is approximately
3 weeks* in length. It follows, therefore, that if the adult larvae were
found daily between the dates July 30 and October 13, they must
have been eating their way into the apples for a period of equal
length which began about 3 weeks earlier than the first date
mentioned. Or in other words, larvae were entering the apples
throughout the greater part of the growing season.
WHY WE SPRAY FOR THE CODLING MOTH.

It has 'been conc1usively demonstrated that if the apple be

coated with a thin layer of poison at the point where the young
worm eats its way in, enough will be consumed to cause the death
<lf the insect; spraying has been found to be the most practical way
o.f applying the poison. But just when this spraying should be
done has been more or less a point of dispute. With a few exceptions
all writers have agreed that the first application should be made
just after the blooming period, while the calyx cup is still open to
receive the poison, as the majority of the worms of the first generation enter at that point. The dispute arose over the number and
times of applying the later ones.
Where conditions exist like ours in Ohio, i. e., where the fruit
is subject to attack throughout the greater part of the season, i;Pe
theory would be, as a matter of course, that the apples should be
coated with the poison during the wh-ole time-necessitating anumber of sprayings.
*Bul. 41, U.S. D . .A.., Bureau Entomology.
Bul. 59, Delaware Experiment Station.
Bul. ·157, Utah AgricUltural Experiment Station etc.
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Experiments were planned during the spring of 1904 with the
view of obtaining data on this point, to decide if possible how many
applications of poison are necessary, and when they should be made
in order to control this insect from a commercial standpoint. At
the same time it was thought advisable to make a limited test of
sprays.
Arsenite of soda and arsenate of lead are both usually con~
sidered standard materials for this purpose, but as there was some
doubt as to which of the two is the more effective it was decided to
confine the second phase of the work to these two poisons, applied
in connection with or without Bordeaux mixture. The arsenite of
soda used was prepared after the following formula, found in
Bulletin 147 of this Station.
ARSENITE OF SODA.

"Dissolve two pounds of commercial white arsenic and four
pounds of carbonate of soda (washing soda) in two gallons of
water, and use 13'6 pint to the ba.rrelofBordeaux mixture(50 gals.).
The easiest way to make the solution is to put the white arsenic and
carbonate of soda in a gallon of boiling water and keep boiling about
15 minutes, or until a clear liquid is obtained, and then dilute to
two gallons".
This can be used safely in connection with Bordeaux•mixture,
but when used alone two pounds of lime must be added for every
one and one-half pint of concentrated poison to insure against
damage to foliage.
ARSENATE OF I.EAD.

On account of its being more convenient to handle, the arsenate
of lead used was a commercial product, sold under the name of
Disparene by the Bowker Insecticide Co., of Boston, New York
and Cincinnati. It was purchased in pails or kegs in the form of a
putty and was used at the rate of three pounds to 50 gallons of
water or an equal quantity of Bordeaux mixture. No addition of lime
is necessary as in the former spray, even when the poison is used in
water alone, as the arsenic is wholly insoiuble and will not injure
. foliage. However, it has the disadvantage of being rather expensive. An equally safe and effective, a cheaper, and what is said by
some to be a more desirable form, because the particles of poison
remain longer in suspension, may be prepared as follows:
Arsenate ot soda... . . . • . . . . . • • . • • . . . . . . . . ••••....•. 4 oz.
Acetate of lead. . . . • • • . .••.....•• J ........ ,• •••••••• 11 oz.

Dissolve each separately in two quarts of warm water; mix and
add water to make from 100 to 150 gallons.

THE CODLING MOTH.

When a large amount of spraying is to be done, a more con~
centrated solution may be made, but should not be allowed to stand
over twenty-four hours. This home-made form of the poison,
though desirable for a number of reasons, has one undesirable
feature which must not be left unmentioned; this being that the two
ingredients are liable to be adulterated. When such is the case, of
course, discouraging results will be obtained.
BORDEAUX MIXTURE.

The Bordeaux mixture was prepared after the ordinary
formula:
Copper sulfate. . ................................. 4 lbs.
Stone lime................... . ................ 4 to 6 lbs.
Water ......•.....••.......•..•..............•. SO gals.

A number of pounds of copper sulfate were dissolved in a
known quantity of water, and in making each barrel of the mixture
a certain amount of this liquid was used instead of taking the
crystal sulfate and waiting for it to go into solution.
Lime does not slake rapidly with cold water, so in order to
economize time still further, enough for several barrels of the
mixture was slaked at once. A known number of pounds was
slaked in a large, fiat-bottomed box with enough water to make it of
a putty-like consistency. It was then marked off into as many
squares as the lot had been intended for barrels of the mixture.
These smaller lots could then be used as needed.
LOCATION OF EXPERIMEN'l.'AL ORCHARDS.

In order that the results obtained might serve as a guide for the
growers in all parts of the state, three widely separated orchards
were selected for the test. These orchards were located in the
northeastern, central and southeastern sections of the state, the
first being at Strongsville, the second at Flint, and the third at
Carpenter.
TREATMENT GIVEN.

The general principles employed in the treatment of each orchard
were pr,actically the same. They were first divided into plots so
situated that the trees contained therein might represent, as
nearly as possible, a fair average of the whole orchard. One of
these plots w~ left unsprayed for check or comparative purposes.
In order to decide the question of how many sprayings were
needed and when they should be made, the remaining plots were
grouped and treated in three ways:
(1). Those in which spraying was discontinued early in the
season.
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(2).
season.

Those receiving a number of sprayings throughout the

(3). Those left unsprayed with poison until late in the season.
And likewise to determine which of the two poisons under consideration was the better, duplicate plots of the above classes
(1) and (2) were used, one in each case being sprayed with the
arsenate of lead and the other with the arsenite of soda.
In the greater part of the early spraying, the poisons were used
in connection with Bordeaux mixture, in order that the apple scab
might be held in check. However, the question arose as to whether
the poison is as effective when applied in this manner as w·hen
used alone. It was thought that the larger granules of lime in the
Bordeaux might collect a portion of the arsenic, and after drying
upon the fruit and foliage would either be blown away taking the
poison with them, or in case they did remain, would so hold it that
it would not be consumed by the worms.
To obtain data on this subject, the Bordeaux mixture and
arsenate of lead were applied separately in one of the plots, £. e.,
an application of Bordeaux was made and allowed to dry, c~.fter which
the arsenate of lead was applied in water. Results from this plot
were to be compared with those from a neighboring one in which
the spraying mixtures had been combined.
As before stated, the preceding are the general principles
followed in the treatment of each of the orchards. But on e~;ccount
of dissimilar conditions which existed in each place and the variation of the minor details of the treatment, the three orchards
cannot be dealt with as a whole, but each must be considered by
itself.
THE STRONGSVILLE ORCHARD.
LOCATED ON THE NORTHEASTERN TEST FARM: AT STRONGSVILLE IN Ctl'YAHOGA COO'NTY.

This orchard consisted of 87 trees of the Baldwin variety and
77 of mixed varieties. The trees were twenty-five years of age
and with a few exceptions were strong and vigorous. Spraying
had never been practiced in this orchard, so the moth had, had
abundant opportunities for becoming well established.
With the exception of the check plot the entire orchard received
at least two sprayings, but notes were taken only upon the Baldwins, as no other one variety was represented in all the plots.
The apples were harvested during the fore part of October, at
which time careful examinations were made that comparisons
might be drawn from the various plots. In making these examinations, a fair sample, consisting of 1,500 picked apples and .500 fallen
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ones, was taken from each plot; the greatest of care being exercised
that each sample might represent accurately the condition of the
apples in the plot from which it was taken. At the time these
samples were taken the apples were being picked, those from each
plot being piled by themselves. Each of these piles was visited
and the apples taken indiscriminately until the required number
had been obtained. An equal amount of care was observed in
sampling the fallen fruit. A goodly number of the trees in each
plot were visited before the required number of apples were
obtained for a sample from that plot.
The results of this examination are given in the following table,
in which is shown also how the various plots were treated at each
spraying. For the sake of brevity in explaining which spray was
used, or what sprays or combinations of sprays, we shall use the
following symbols in this, as well as in the notes from the other
orchards:
a s=Arsenite of soda.
a l=Arsenate of lead.
b=Bordeaux mixture.
PI

0

t

jlst spraying-/2nd Rprayingl 3d spraying
June 4
June13-14
June28

I

5th spraying
July 29

as in b

a sin b

I

6th spraying
Au~r. 23

..

..

as

as

..

..

1

4th spraying
July 11

2

as in b

3

a sin b

a sin b

..

..

..

..

4

a lin b

a I in b

a I in b

al

al

al

5

a linb

a lin b

..
..

..

..
..

..

..

a!

a I

a I

al

a I

a I

al

al

..

a I

a I

al

a I and bused a land bused
separately
separately
7 aiand bused a I and b uo;ed
separately separa~ely
8
b

6

9

..

as

Fallen.

Picked.

Plot

Actual
count

~

l

Per cent

Actual
count

I

Wormy

Not wormy

Wormy
~

..

I Per cent I

Actual
count

I

Per cent

I

Not Wor01y
Actual
count

I

Per cent

1

834

56

666

44

423

85

77

15

2

204

1!1

1,296

86

2lfl

57

213

!l3

3

238

16

1,262

84

283

57

217

!l3

4

67

5

1,!133

95

170

34

330

66

5

177

12

1,323

88

232

!l6

268

54

6

295

20

1,205

80

181

52

164

48

7

234

16

1,266

84

235

47

265

53

8

198

13

1,302

87

257

51

243

49

9

165

11

1,335

89

234

47

266

53

~
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A number of points may be noted from the foregoing :fignres,
taking for the present only those dealing with the picked apples.
FmsT.-The count"' of the check plot show that if nothing had
been done to prevent it, over one~half the crop in this orchard would
have shown injury from codling moth at picking time. Comparing
the figures from this plot with those from the others we see that
out of the 56 per cent that would otherwise have been wormy, 36 to
51 per cent were -saved from the worms by the various methods
employed.
SECOND.-Six sprayings of poisons, as compared with two, did
not give sufficient gains to pay for the added expense of the extra
number of applications. It will be observed that in plot 3, whkh
received but two sprayings of arsenite of soda, the number of wormy
apples was about 2 per cent greater than in plot 2, which received
six applications of the same poison. A like comparison may be
drawn between plots 4 and 5, where the poison used was arsenate of
lead. In these a difference of but 7 per cent is noted in favor of the
larger number of sprayings.
Tmrm.-Arsenate of lead gave slightly better results than
arsenite of soda. Comparing plot 2, sprayed six times with arsenite
of soda, with plot 4, also sprayed six times, but with arsenate of
lead, we note a difference of 9 per cent in favor of the latter.
Where two sprayings of each were made, as in plots 3 and .5, a
difference of 4 per cent is noticed in favor of the lead.
FoURTH.-The effectiveness of arsenate of lead is not reduced
when applied in Bordeaux mixture. The results from plots 5 and
6, both given two applications of Bordeaux mixture and arsenate of
lead, but in which the sprays were combined in the one and applied
separately in the other, show a difference of 8 per cent less wormy
fruit in favor of the combined spraying. Plots 4 and 7, treated in
this same manner for the first two sprayings, after which each was
given 4 applications of arsenate of lead alone, show a like advantage
of 11 per cent.
FIFTH.-While we have no data regarding the apples that fell
during the summer, we are able to say that so far as the condition
of the fruit at picking time is considered, this year's results indicate
that spraying as soon as the petals fall is not so highly
necessary for the control of the codling moth as it was once thought
to be.
Bordeaux mixture is known to have a certain amount of
repellent properties, but hardly sufficient to give it rank as an
insecticide. Plot 8, given two sprayings of Bordeaux, followed by
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four of arsenate of lead, yielded 8 per cent more wormy fruit than
plot 4, given six full sprayings of poison; and 3 per cent less than
plot 7, also given six applications. A further comparison along this
line may be drawn from plot 9, which was left unsprayed for the
first three periods, and the before named plots 4 and 7, wherein it
yielded 6 per cent more wormy fruit in the first case and 5 per cent
less in the latter.
It seems hardly necessary to compare in detail the figures from
the various plots of fallen apples as has been done with the picked;
it is sufficient to say that with a single exception they fully support
the five concluding points drawn from the picked fruit.
The
exception is in the case of plot 5, where there is an indication that
the value of the poison is decreased when applied in Bordeaux
mixture.
THE FLINT ORCHARD.
LOCATED ON THE FARM OF MR. ALFRED POTTER, AT FLINT, FRANKLIN COUNTY.

This orchard was an old one, somewhat past its prime, and
having represented in it twelve different varieties of apples. But
for various reasons, only two of these, Ben Davis and Stark, could
be considered in the test at picking time. For several seasons
previous, both fruit and leaves had suffered severe injury from
apple scab, and as a matter of course, the attack was repeated
during this past one. A brief consideration of the scab question
will be found later on in this publication. The orchard was under
the care of the Station during the season of 1903 ani! was given
several sprayings of various mixtures. Prior to this time it had
been sprayed with Paris green for a number of years.
However, the previous treatment it had received accomplished
very little toward keeping the apple insects in it under control, as it
was in the immediate neighborhood of several orchards which had
been given no care whatever, and which no doubt served as a source
of inf'ection.
With the exception of a few instances, there was but one tree
representing each variety in each plot, so in making the examination for results, samples were not taken as at Strongsville, but all
the apples from one tree of each variety were examined.
In the appended table will be seen the treatment given each
plot during the several sprayings, and the data which this examin·
ation revealed:

.
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Plot
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I

1st spraying
May24, 25

2nd spraying
June 1, 2, 3

3rd spraying
June 22, 23

4th spraring
July 16

..

..

1

..

2

as in b

a sin b
as in b

as in b

as in b

3

as in b

4

a 1 in b

a I in b

..

..

5

a I in b

a lin b

al

al

6

b

b

a 1

a I

7

band a I
used separately

band a I
used separately

al

a I

'

Picked

Fallen
I
Ben Davis
I Stark I Ben Davis I Stark
Per cent I Per cent I Per cent I Per cent I Per cent I Per cent I Per cent I Per cent
Wormy Not wormy Wormy Not wormy Wormy Not wormy Wormy Not wormy

Plot

1

54

46

50

50

74

26

70

30

2

4

96

5

95

19

81

17

83
42

3

15

85

20

80

33

67

58

4

7

93

6

94

28

72

39

61

5

3

97

3

97

9

91

13

87

6

94

5

95

28

72

17

83

7

93

1

99

17

83

7

93

6
7

I

The same points that were so clearly brought out by the
results from the Strongsville orchard may be noticed again in this
orie. It seems hardly worth while to repeat them since a comparison
of the figures of the several plots as was given with the Strongsville
results will show that the conclusion drawn there holds equally .well
in this place.
This orchard was treated in nearly the same manner in 1903,
the greatest number of sprayings given being four. The per cent
of wormy apples, at picking time on the unsprayed plots. ranged
frotn 34 to 40, the average being 397"3.
When two sprayings were given after the time of blooming, the
range in per cent of wormy apples was from 9 to 17, the average
being 133'3.
When four sprayings were given, the last being early in Jury,
the per cent of wormy fruits ran from 0 to 4, the average being 2.
When Bordeaux mixture and arsenite of soda were used in
combination, slightly better results were secured than when
Bordeaux and arsenate of lead were applied separately. The reverse
was true when four sprayings were given. But little difference in
results was noticeable between two and three applications.

THE CODLING MOTH.

209

THE CARPENTER ORCHARD.
LOCATED ON THE SOUTHEASTERN TEST FARM AT CARPENTER, MEIGS COUNTY,

The 119 trees of this orchard were all of the variety Rome
Beauty and, with the exception of a very few scattered here and
there, were in a healthy, growing condition. The orchard had never
been sprayed until the previous season when it was given one
application of Bordeaux mixture iust as the blossoms were bursting.
While the trees were in full bloom, a freeze killed the blossoms, and
spraying was discontinued during the remainder of the season.
The apple scab had been prevalent for several years and, as could
only be expected, the attack was repeated during the past season.
In order to check it, an early spraying of Bordeaux mixture was
given just before blossoming time. With the exception of a few
trees reserved for comparative purposes, the entire orchard
received this first application.
For the remainder of the sprayings the trees were divided into plots and practically the same
treatment given as in the others already described. In the examination for results at picking time sampling was resorted to again.
Very much the same methods were employed in the process as
were used in the Strongsville orchard; the main difference being
that the sample of picked fruit consisted only of 1,000 apples instead
of 1,500 as in the other case.
The following table gives the mixtures employed, together
with the results each yielded by this examination:
Srd spraying
:May '1!7, 28

2nd spraying
May 18,19

Plot llst spraying
:May 5, 6

4th spraying
June 11, 12, 18

I

5th spraying
July 12, 13

1

..

..

..

2

b

as inb

as in b

s

b

as in b

asinb

as in b

4

b

al in b

a lin b

a linb

..
..

a linb

a lin b

..

15

b

al inb

al in b

6

b

band a 1
used sep

7

b

b andal
used sep
b

Wormy
Plot

Count

I

Percent

I
I

Not wormy
Count

I

Percent

I
I

I

asinb

band a 1
used sep
at

b

Pic:ked.

..

as inb

al
al

Fallen.

Wormy
Count

percent

Not wormy
Count

I

Percent

1

200

800

80

!10

800

80

2

7

.7

993

99.3

159

u.s

88.2

s

115
9
3

1.15
.9

9815

98.15

991

99.1

U.!l

.3

997
998
9915

99.7

82
72
17

441
418
!l28
483

99.8

29

15.8

m

99.5

(6

9.2

451

'15
8

7

20

l!

.2

15

.15

200

I

I
I

16.4

s.!l

as.s
85.8
96.8

9U
90.1
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It will be noticed that the attack of the moth was not a very severe
one, but still sufficiently serious to demand attention. All of the
sprayed plots gave exceptionally good results; in fact, they were all
so nearly free from attack and the variation between them was so
small that they were less indicative of the advantages of one method
of treatment over another than were those from the other orchards.
But, nevertheless, even though these differences are small, they do
their share toward emphasizing the points already drawn.

The orchard of Mr. F. A. Derthick, of Portage county, was
sprayed in 1903 in the same manner as the Flint orchard. This
orchard had borne but little fruit for several years because of the
depredations of the canker worms, hence the per cent of wormy
apples was small, ranging from 20 to 27, the average for the unsprayed trees being 24.
When but two sprayings were made after the time of blooming
the per cent of wormy fruit varied from 11 to 14, with an average
of 12 3'&. The variation where four sprayings were given was from
4 to 16 and the average was 8;.-3 per cent. wormy. There was but
little difference in the results between two and three applications.
One spraying with arsenate of lead alone, early in July, reduced
the per cent of wormy fruit in one case from 27 to 20 per cent
and in another from 25 to 20, in a third from 20 to 14, but in a fourth
there was no gain.
Bordeaux mixture and arsenite of soda gave essentially the
same results as Bordeaux mixture and arsenate of lead. The use
of the latter, separate from Bordeaux mixture, showed no advantage
over arsenate of lead and Bordeaux mixture in combination.
REMARKS.

At first sight the results from each of the three orchards
appear to furnish conflicting evidence from which to choose the
proper dates for spraying. It seems rather surprising that there
should not be greater differences in the results from plots sprayed
early, plots sprayed late, and plots sprayed both early and late.
Apples attacked early in the season are often weakened and fall
before picking time. On account of this fact the percentage of
worminess of all the plots at this time is hardly a true estimate of
the damage caused by the moth, inasmuch as the windfalls throughout the summer could not be counted. We do not know whether
there were or were not any significant differences among the plots.
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It may have been that the plots sprayed only during the latter
part of the season lost more of their fruit throughout the summer
than the others, but at picking time no difference could be noticed
in the amount remaining on the trees. At Carpenter, the apples
from the plot left unsprayed with poisons until late appeared to be
a little larger, but their weight per thousand was no greater than
that of some of the adjoining plots. It was thought that if trees
were left unsprayed during the early part of the seal? on and the
fruit thus subjected to the attack of the worm, the crop would
be thinned and the remaining portion might possibly grow larger.
Although the counts from these three orchards give good support
to the theory that the first sprayings were comparatively of little
value, we must remember they are the result of onlY one season's
work and therefore afford hardly a sufficient basis for establishing
final conclusions; and especially such as would in a measure
contradict others which have been accepted for many years.
During the harvest at Strongsville it was noticed that the
numbers of fallen apples were greater under the trees upon which
arsenite of soda had been used than under those treated with
arsenate of lead. Furthermore, the fruit from the ones sprayed
with the lead pulled harder than the ones which had received the
soda treatment.
The first brood of moths developed unmolested in the apples
from the check plots also and in those apples from plots in which
spraying was not commenced until late; consequently these plots
served as a source of infection toward the remaining plots, in stocking them with the larvae of the second brood. We think the
similarity of results from the various plots is partially due to this
fact. Had each plot in each orchard been in itself an isolated
orchard, the differences in results between the various methods of
treatment would probably have been greater.
It has probably been noticed from the tables which show the
manner in which the Flint and Carpenter orchards were treated,
that Bordeaux mixture was used throughout the season in one plot
in the former and two plots in the latter place. Every tree in plots
so treated lost, by a very conservative estimate, at least one third
of its foliage.
Plots in which the Bordeaux spraying was discontinued early in the season were not so affected, so without doubt
the injury resulted from the later applications and was probably
due to the atmospheric conditions.
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If like results had not been experienced in many localities
throughout the state in private orchards, we should have said the
mixture for the later applications of Bordeaux was improperly
made. The fruit did not seem to suffer any particular injury
except that its coloration was not so fully developed as was that of
fruit upon trees that had retained all their foliage.
TO WHAT EXTENT DOES THE ATTACK OF THE LARVA
INJURE AN APPLE?

A worm eaten apple, as every one knows is very unattractive,
and a large portion of it is unfit for use. In addition to this, if the
attack comes early in the season the fruit usually ripens prematurely and falls, while if the injury is not sustained until later,
the keeping quality is seriously impaired. However, this last fact
comes as a secondary result, as the real cause is due to the rot
fungi to which the fruit is more susceptible after the interior is
left exposed through the cavity eaten by the larva.
As we desired to determine to what extent the keeping qualities
of apples were reduced when attacked by the worm, a bushel of
wormy Winter Pearmain apples was selected November l, and
stored under similar conditions with a bushel of the same variety,
not wormy. None of the apples in either lot was decayed at this
time.
They were unmolested until February 3, at which time an
examination showed that out of 145 apples of the wormy lot, 47 were
more or less decayed around the worm hole and 4 were
decayed in other places. Of a like number of the other lot, only 9
were decayed.
THE APPLE SCAB.

The attack of the apple scab in the Flint and Carpenter
orchards, as has been said before, was a very severe ·one; but it
was, in a measure: controlled in both places by the several applications of Bordeaux mixture. At picking time the difference between
the fruit on the unsprayed plots and those upon which Bordeaux
had been used was so marked that brief notes were taken upon it,
the same fruit being used in the examination as bad served in the
moth work. The gist of these notes is as follows:
'
I

CARPENTER.

STRONGSVILLE.
Plot

Per cent
Scabby

Per cent
Not scabby

No.1

99

Nos. 2, 3, 4,
5, 6, 7

72

Wt. per
WtoJ)er Per cent
1,
1,000
Not scabby

Plot

Per cent
Scabby

1

Nol.

100

156

..

28

Nos. 2, 3, 4,
5, 6, 7

55

344

45

.

..
367
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In discriminating between the scabby and perfect fruit, the
mere presence of the fungus was used as the dividing line, the
degree to which the apples were affected not being considered. A
large majority of the sprayed apples, which had to be placed in the
scabby class, bore only small patches of the scab fungus, which
seemingly had had very little effect on the growth. For this
reason the per cent of scabbiness can hardly be considered as the
standard measurement of the real damage wrought by the disease.
Some conception may be drawn from Plate 5, Fig. 1, but a better
method is a comparison of the weights of the sprayed and unsprayed
fruit. It was not possible to take the weights of the various plots
in the Flint orchard, so this latter comparison must be restricted
necessarily to the results from Carpenter. In the preceding table,
in which these results are shown, it will be noticed that the weight
per thousand of the check apples was only 156 pounds, while the
average of the figures taken from the various sprayed plots was considerably over twice this amount. A little further comparison,
drawn between the scabby and not scabby apples of the sprayed
plots, shows that although 55 per cent were scabby, they were
not very seriously damaged, inasmuch as they only weighed 23 lbs.
per thousand less than the unaffected fruit.
In both orchards the growth of the check apples was very
seriously impaired, and this, together with their rough, gnarled concondition, made them wholly unfit for market. On the other band,
an extremely small percentage of the fruit from the sprayed plots
had to be culled, either on account of size or marred appearance.
After being placed in storage, the unsprayed fruit was damaged
still further by an attack of a secondary fungus which caused it to
rot; it evidently having been made more susceptible on account of
the ruptures in the skin caused by the scab. After the apples had
remained in storage for a month and a half, an examination o£ the
sprayed and unsprayed fruit showed that about 2 or 3 per cent of
the former class were badly decayed, while at least 40 per cent of
the latter were so affected.
SUMMARY.

(1 1. Active, mature larvae of the codling moth may be found in
Ohio orchards from June 30 to October 13, which fact signifies that
the fruit is more or less subject to attack during the greater part
of the growing season.
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(2). An average of results from unsprayed plots in three
widely separated orchards shows that had no spraying been done
in these orchards during the past season, 43 per cent of the picked
apple crop would have shown injury from codling moth at harvest.
In addition to this, a considerable quantity of fruit fell during the
summer, a large percentage of which was undoubtedly wormy.
The results from sprayed plots averaged only 9 per cent. wormy
fruit. In other words, 91 per cent of the fruit from sprayed plots
we~:s free from injury at this time; whereas, of that from unsprayed
plots, only 57 per cent could be so classed.
(3). The :figures from each of the three orchards indicate that
a large number of sprayings are unnecessary to control this insect.
In some cases the very early spraying and in others the very late
apparently did not accomplish much. As early spraying with
Bordeaux is necessary to control the scab, and as the poison may be
applied in it at a very small additional expense, it is best to con·
tinue the established practice of spraying as soon as the petals
have fallen, using both the Bordeaux and poison. After two or three
sprayings of the combined mixture have been gi~en, the Bordeaux
should be discontinued. After this time, at least one and possibly
two applications of the arsenate of lead should be made at intervals
of two weeks.
(4). Arsenate oflead is superior in killing power to arsenite
of soda, which fact is probably due to its sticking qualities.
(5). Being applied in Bordeaux mixture does not reduce the
effectiveness of arsenate of lead.
(6). Damage from apple scab can be largely avoided by two or
three applications of Bordeaux mixture.
(7). Regardless of the care taken in its preparation, Bordeaux
mixture sometimes injures foliage, especially when the application
is followed by wet weather.
(8). The keeping quality of apples attacked by codling moth
and apple scab is very c;;eriously impaired.

EXPLANATION OF PLATE I.
Fro. 1.

Codling moth slightly enlarged, and enlarged four diameters.
{AfterStmpson, Bul 41 Dtv E'nt U S.D. A)

Fro. 2. Adult female moth with wings folded, and the egg upon a
young apple, both natural s1ze.
(After Slmgerland, Bul 142, Cornell Umv Exp Sta)

Fro. 3. Full-grown larva of codlmg moth, enlarged l;i diameters.
Resting upon 'wormy' apple.
Fro. 4. Full-grown larva of codling moth, slightly reduced. This
larva was found upon the trunk of an apple tree, the cocoon being spun
between the trunk and an old burlap band.
Fro. 5.

Pupre or chrysalides of codling moth, natural size.

PLATE 1.

FIG. 1.

FIG. 2

FIG. 3.

FIG,

4.

FIG,

5.

EXPLANATION OF PLATE II.
The drawing on this plate indicates the rate of increase and decrease
in the numbers of the codlmg moth larvae as the insect appeared in the
Station orchard throughout the season of 1903.
The perpendicular lines
represent the days, as numbered above, on which counts were made. The
horizontal lines represent the numbers of larvae caught. Bearing these
two points in mind it may be easily determined by the points in the heavier
irregular lines what the catch of codling moth larvae was for any
particular day. For instance, on July 30, it was three; on August 21,
six; on September 16, thirty-six, etc.
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EXPLANATION OF PLATE III.
The piles of fruit represent the samplo<o of picked fru1t from four of the
Strongsville plots after the wormy and sound apples in these samples had
been separated.
FIG. 1.

Plot 1, unsprayed throughout the season.

FIG. 2. Plot 4, sprayed the first three times with arsenate of lead in
Bordeaux mixture, followed by three appllcations of arsenate of lead alone
FIG. 3. Plot 5, given the fin.t two sprayings only, in which arsenate
of lead in Bordeaux mixture was used.
FIG. 4. Plot 9, left unsprayed until July 11, after which it was given
three sprayings of aro.enatc of lead alone.

PLATE III.

834 Wormy

666 Not wormy
FIG. 1.

fJl wormy.

1,433 Not wormy
FIG. 2.

FIG. 3.

EXPLANATION OF PLATE IV.

Each figure in this plate represents a sample of the picked fruit from
one of the plots in the Ca:rpenter orchard, after the exammations had been
made for codling moth, and the wormy fruit had been separated from the
sound.
FIG. 1 Plot 1, unsprayed with poisons throughout the season.
FIG. 2. Plot 5, sprayed once with Bordeaux mixture, followed by four
applications of arsenate of lead in Bordeaux mixture.
FIG. 3. Plot 4, sprayed once with Bordeaux mixture, followed by
only three applications of arsenate of lead in Bordeaux mixture.
FIG. 4. Plot 7, sprayed with Bordeaux mixture only, for the first three
sprayings, after which two apphcations of arsenate of lead were given.

PLATE IV.

800 Not wormy

FIG. 1.

/

200 Wormy

3 Wormy

997 1\ot wormy
FIG.

2.

~-- -----"----------

991 Not wormy

FIG,

995 Not wormy

9 Wormy

3.

5 Wormy

EXPLANATION OF PLATE V.
FIG. 1. Rome Beauty apples taken from the Caxpenter orchard. 1904.
(a). Unsorted, from unsprayed plot.
(b-e). Unsorted, from sprayed plots, but with the scabby
fruit, (b) separated from the not scabby, (c)
(d). Fancys, selected from sprayed plots.
FIG. 2. Rhode Island Greenings taken from the Derthick orchard,
companng percentages of worminess and scabbiness in sprayed and
unsprayed fruit.
Photos by C. W. Waid.

(a). Sprayed four times, 8 per cent wormy.
(b). Unsprayed, 27 per cent wormy.
(c). Sprayed four times, 17 per cent scabby.
(d). Unsprayed, 48 per cent scabby.

/
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PLATE V.

