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GROWTH OF APPLES IN RELATION TO CODLING MOTH CONTROL 

BY WILLIAM P. YETTER JR. 

OBJECT OF INVE8TIGATIONQ. 

Experiments in measuring apples were undertaken 

in 1920 at Canon City, Colorado and in 1921, 1922, and 

1923 at Grand Junction, Colorado to determine three things: 

(1) Does the rate of growth of apples at different intervals 

during the summer effect the efficiency of cover sprays for 

the codling moth ? (2) Do apples growing under Colorado 

conditions have more or less definite periods when they 

make their main rate of increase in area? (3) Is the rate 

of increase in area uniform during the growing season ? 

METHODS. 

The method used to determine the size of the 

apples was to record the largest tranverse and longi

tudinal diameters of each indiVidual apple every three 

days during the season beginning in May and ending in 

September. 

In most cases just the transverse diameter was 

recorded. The area of the skin surface was then computed 

by using the geometrical formula A=41PR~. 
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The measurementa at Canon City in 1920 were 

made with the outside calipers. The distance across 

the jaws of the calipers was then measured to the near

est sixty-fourth of an inch. 

The measurements at Grand Junction were made 

with vernier calipers reading to one thousandth of an 

inch. 

MATERIALS. 

In all, 30 Winesap, 15 Florabell and 50 Ben 

Davis were measured at Canon City. 

The experiment was repeated in 1921 at Grand 

Junction, Colorado on 25 Ganos, 35 Jonathans, and 38 

Winesaps; in 1922, on 20 YellOW Transparents, 30 

Winesaps, and 50 Ben Davis; in 1923, on 35 Jonathans, 

24 Sw1tzers, and 41 Winesaps. 

The 1nvest1'gati on was carri ed on in three 

different orchards. The trees were approximately 25 

years old, except the Jonathan and Switzer trees used 

in 1922 and 1923 which were about 20 years old. The 

trees were all in good condition. 

The orchard at Canon City had considerable 

lawn grass growing in it. The orchard was not cultivated 

but did receive the normal irrigation treatment. 

The two orchards at Grand Junction had a 

great deal of the so-called water or bull grass and 
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weeds growing in them. The orohards had reoently been 

fertilized with barnyard manure. They reoeived the nor

mal irrigation treatment. The soils in all three orchards 

were somewhat sandy and loamy. 

Originally 393 apples were seleoted and tag

ged. The selection inoluded apples that were well dis

tributed throughout the trees, some being partially 

shaded, others being well expased to the sun and light. 

Accidents occured to a number of the apples 

under observation and of the 393 selected at the start 

only 291 reached maturity. 

It was practically impossible to measure 

every apple at the same place and with the same degree of 

accuracy each time. However, efforts were made to see that 

all of the measurements were oarefully made eaoh time the 

work was done. 

Weather conditions during the season of 1920 at 

Canon City, and 1921, 1922, and 1923 at Grand Junction were 

about normal. 

The spray dates used were those determined by 

the development of the codling moth at the State Entomo

logical Field Laboratory, Grand Junction, Colorado. The 

Canon City spray dates were determined by the growers 

themselves. Therefore no effort was made to use the apple 

measuring data collected there and apply it to codling 

moth control in this paper other than Simply presenting 

the results of the measurements made there. 
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PREqENTATION OF DATA. 

The measurements of the Winesap, Gano, and 

Jonathan apples in 1921 given in Table No.1 are used to 

explain the results throughout the paper except where 

otherwise mentioned. 

To secure the area of the apples, the geometri

cal formula A= 4WRt was used. A discussion of this point 

will follow later in the paper. The average area of the 

Jonathans when the first cover spray was applied on May 

22, was 1.078 square inches. When the second cover spray 

was applied on June 3, the area had increased to 2.556 

square inches, a growth of 1.478 square inches or 137.10 

percent. In the same period, the Ganos increased from 

1.246 square inches to 2.907 square inches in area, a 

growth of 1.661 square inches or 133.31 percent while the 

Winesaps increased from 0.695 square inches to 2.410 square 

inches in area, a growth of 1.515 square inches or 169.27 

percent. By June 12, the date of the third cover spray, the 

area of the Jonathans had increased to 3.801 square inches, 

an increase of 1.245 square inches or 48.71 percent; the 

Ganos to 4.300 square inches, an increase of 1.393 square 

inches or 47.91 percent and the Winesaps to 3.664 square 

inches, an increase of 1.254 square inches or 52.03 percent. 

On July 3, the date of the fourth cover spray, the area of 

the Jonathans had inoreased to 6.834 square inches, an in

crease of 3.033 square inches or 79.79 percent; the Ganos 
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to 7.822 square inches, an increase of 3.522 square inches 

or 81.91 percent and the Winesaps to 5.507 square inches, 

an increase of 1.843 square inches or 50.30 percent. By 

this time all three varieties had reached an area approxi

mately one-third of their areas acquired by September 19. 

From May 22 to July 3, a period of 42 days, 4 

cover sprays were applied. The first brood larvae were 

hatching during this period and the increase in area be

tween sprays for the Jonathans was 137.10, 48.71, and 79.79 

percent respectively; for the Ganos, 133.31, 47.91, and 

81.91 percent and the Winesaps, 169.27, 52~03, and 50.30 

percent respeotively. The increase during this entire 

period for the Jonathans was 533.95 percent, for the Ganos, 

527.77 percent and for the Winesaps, 515.31 percent. 

From July 3 to August 23, during whioh time the 

apples were subjeot to the greatest attack ftom the second 

brood larvae, the rate of growth was very much decreased. 

Durtng this pertod, 4 oover sprays were applied. The in

crease in area during these periods for the Jonathans was 

54.27, 24.36, and 29.75 percent; for the Ganos, 48.97, 

20.47, and 26.11 percent, and for the Winesaps, 47.50, 

24.19, and 32.39 percent respectively. During this time of 

51 days, the seoond brood larvae were hatching in the great

est numbers and the inorease in area for the whole period 

for the Jonathans. was 148.91 percent; for the Ganos, 126.35 

percent, and for the Winesaps, 142.53 peroent. 
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From May 22 to July 3, the first brood larvae 

were the most active. By July 3, the areas of all three 

varieties were more than 6 times as great as they were on 

May 22. The second brood larvae were the most active dur

ing the period from July 3 to Aug~st 23. By August 23, the 

areas of all three varieties were more than twice as great 

as they were on July 3. 

During the period of the first brood attack, the 

areas of the apples increased approximately 400 percent 

more than they did during the period of the second brood 

attack. 

Figure No.1 shows the number of square feet of 

skin surface or area to be sprayed each cover spray on 

Gano, Jonathan, and Winesap trees averaging 1500 apples 

per tree during the growing season of 1921. 
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Under Grand Valley conditions, extraordinary 

care must be exercised in spraying for the codling moth. 

Many operators fail to realize that if the attack of the 

larvae is to be stopped, a great amount of surface area 

scattered throughout the trees, prQtected by leaves and 

limbs, must be thoroughly covered with spray at proper 

times. 

For example, if a Gano tree averaged 1500 apples 

on it during the spraying season of 1921 and using the data 

on measuring, the operator would have had to cover with 

spray about 12.98 sq. ft. of skin surface when the first 

cover spray was called for on May 22j the second cover spray 

on June 3, 30.28 sq.ft.; the third cover spray on June 12, 

44.79 sq.ft.; the fourth cover spray on July 3, 81.47 sq.ft.j 

the fifth cover spray on July 21, 121.39 sq.ft.; the sixth 

oover spray on August 2, 146.24 sq.ft.j the seventh cover 

spray on August 23, 184.43 sq. ft. 

Now it is an extremely difficult matter to cover 

that surfaoe thoroughly, beoause in the forepart of the 

season the apples are small and are covered with a fuzz 

which makes it hard for the spray to stiok. The apples being 

small, the operator doss net always see them and then the 

leaves will often protect the apple in suoh a way that it 

does not receive very much spray. If an apple is to reoeive 

the maximum protection from the attaok of the larvae, the 

operator must be decidely oareful, patient, and skillful in 

his methods beoause during the first part of the season, 
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the skin surfaoe or area is rapidly inoreasing and the 

effioienoy of the poison oovering is oonsequently de

oreased. Suoh natural obstacles as wind, foliage, limbs, 

eto., whioh are always in the path of the operator, al"so 

deter from effioient work. 
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Theoretically if the apples had made the same in

crease in area each time the measurements were made, the 

growth would be as indicated by the heavy, solid line in 

Figure NO.3. The actual increase in area each time the 

measurements were made is indicated by the broken line. 

The figure shows that all three varieties of 

apples do not make the same increase in area at regular in

tervals throughout the growing season. Instead, the in

creases fluctuate considerable during certain times of the 

season and less during other times. 

In spite of this fluctuation, the curves re~re

senting the actual increases do approach, to a certain ex

tent, the theoretical curve. 



FIG. 3. CURVES SHOWING THE ACTUAL INCREASE IN AREA EACH TIME VF:ASU~lf~~FNTS WFl1F 
MADE IN RELATION TO THE SAME THEORETICAL INCRFASE IN AREA EACH TIME 
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To illustrate that the use of data on the measure

ment of apples has some practioal value as an aid in de

termining spray dates, Figure No. 4 was made to shOW the 

hatching periods of codling moth eggs in relation to the 

time of spraying and the peroent of inorease in area of 

Winesaps between sprays in 1923. 

Figure No. 4 shows that the first brood eggs 

were hatohing from May 28 to July 3, the greatest hatch 

taking place from May 28 to June 15. From May 25, the date 

of the first cover spray, to June 6, the date of the 

second cover spray, the area increased 190.57 percent. 

From June 6 to June 15, the third cover spray, the area 

increased 40.63 peroent. From June 15 to June 30, the 

fourth cover spray, the area increased 30.09 percent. 

Due to the faot that the greatest increase in 

area and the greatest hatch of the first brood eggs oocur

ed between May 25 and June 15, a period of 21 days, three 

oover sprays were applied to the apples in order to secure 

the maximum protection from the worms. 

From June 15 to June 30, the area was not inoreas

ing as fast and being a time when the egg hatoh was rapidly 

falling off, the fourth cover spray was called for on June 

30. This cover spray was timed to take care of the stragglers 

of the first brood and the beginners of the second brood 

and was therefore not as valuable as some of the other sprays. 

On July 11 with the second brood eggs hatching 

rapidly and the rate of increase in area beginning to 
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inorease,it was thought advisable to oa11 a cover spray for 

July 15. From June 30 to J~ly 15, the area increased 51.84 

percent. 

From July 15 on for several days, the egg hatch 

dropped a little. The rate of increase in area also dropped. 

Then the egg hatch began increasing very rapidly and with 

the rate of increase in area decreasing, a cover spray was 

called for on July 24. From July 15 to JUly 24, the area in

creased 17.97 percent. By August 5, the egg hatch had dropped 

considerably but with the rate of increase in area increasing, 

a spray was called for on August 8. From July 24 to August 8, 

the area increased 27.27 percent. After August 8, the egg 

hatch increased considerably for a few days and then gradually 

decreased until about August 30, when a sudden drop occured. 

From August 8, the rate of increase in area was slowly de

creasing and up to August 23, the date of the eighth cover 

spray, the area increased 24.16 percent. From August 23 to 

September 10 when the measuring was stopped, the area in

creased 15.00 percent. The eggs continued to hatch in small 

numbers until September 24. 



FIG. 4. SHOWING THE HATCHING PERIODS OF CODLING MOTH EGf}S IN lq23 IN PELATION TO THE 
TIME OF SPRAYING AND THE PFRCENT OF INCREASE IN AREA OF WINESAPS BETWEEN SPPAYS 
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To show that the apple so nearly approaches a 

sphere that the geometrical formula A::. 41P R2 can be used, 

the data in Table No. 2 were comp11ed. 

The first thing to do was to get the approximate 

area of an apple by some reliable method. 

A planimeter was used to measure the area of a 

number of apples because, aside from the inaccuracy of the 

human hand in operating the instrument, it gives the area 

quite aocurate1y. 

The skin of each apple was carefully removed in 

sections and the area of each section was measured by means 

of the planimeter. The total areas of the sections measured 

gave the area for the individual apple. 

The next thing to do was to find out which of the 

diameters inoorporated in A = 41P Rz' would give results 

closest to those of the planimeter. 

The means of the areas found by using the trans

verse and longitudinal diameters were computed and compared 

with the areas measured by the planimeter. The closest 

results to those found by use of the planimeter were secured 

by incorporating the transverse diameter in A=4WR2. • 



TABLE 2, SHOlJ'IING DIFFERENCES BETWEEN AREA MEASURED BY A PLANIMETER AND AREA COMPUTED 
USING GEOMETRICAL FORMULA 4 IP R 2. WITH TRANSVERSE AND LONGITUDINAL DIAMETERS 

-1- -2- -3-
VARIEI'Y. AREA IN SQ. IN. AREA IN SQ. IN. A.R.l!:A IN SQ. IN. MEAN OF TRANSVERSE LONGITUDINAL 

MEASURED BY A COMPUTED USING COMPUTED USING 2 AND 3. DIAMETER DIAMETER IN 
PLANIMETER. TRANSVERSE LONGITtnJJINAL IN INCHES. INCHES. 

DIAMETER. DIAMETER. 

WINESAP 25.002 27.099 19.073 23.086 2.937 2.464 

WINESAP 25.557 27.136 18.292 22.714 2.939 2.413 

JONATHAN 23.793 25.160 16.734 20.947 2.830 2.308 

JONA'FdAN 25.305 25.949 19.902 22.9255 2.874 2.517 

JONATHAN 21.858 22.732 15.890 19.311 2.690 2.249 

DELICIOUS 29.092 28.501 26.366 27.4335 3.012 2.897 

DELICIOUS 29.903 29.841 30.171 30.006 3.082 3.099 

---- ----
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, 
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At Canon City, the measurements were all made to 

the nearest 64 tho of an inch. In Table No.3, the results 

have been figured to read in terms of thousandths of inches. 

In all cases the transverse diameter was used. 
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