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Foreword

This bulletin presents the results of an investiga-
tion of the life history and control of the oblique-
banded leaf roller on raspberries. The worms of this
insect became so numerous in 1943 that they threatened
the very existence of this $1,000,000 industry in Ore-
gon. The fruit infested with these worms became un-
marketable and about one-half of the crop was not
harvested because of this pest. Through the coopera-
tive efforts of the Gresham Berry Growers Associa-
tion, the War Food Administration, the War Produc-
tion Board, and the Oregon Agricultural Experiment
Station, an effective control was developed and the
industry saved from the ravages of this injurious
insect.

Director

Illustration on cover-
Figure 1. Left: adult female of the oblique-banded leaf roller. Right:

male, same species.
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Summary
The oblique-banded leaf roller [Archips rosaceana (Harris)] has become

a major pest of red raspberries in the Willamette Valley. It has a large host
range of cultivated and wild plants. The main concern on raspberries is its
habit of getting into the cups of the fruit. It is only of minor importance in
other varieties of cane berries

Briefly, the life history is as follows : Hibernation takes place as third
instar larvae in small silken cocoons underneath the bark and bud scales. The
larvae emerge throughout March and April. These larvae feed on the leaves,
tips, and blossoms until late spring. During the latter part of May, throughout
June, and early July, the moths emerge The eggs of these moths, laid on the
upper sides of the leaves, hatch during June and July. These larvae mature
during August and September to form another generation of moths. The
larvae from this latter generation of moths develop to the third stage and then
hibernate.

Parasites play an important role in holding this pest in check. To date,
29 parasites have been reared from this pest. Twenty-one of these parasites
may be considered as beneficial and the other eight as harmful because they
are also parasites of beneficial parasites.

Control consists of cutting out and burning old canes between November 1
and March 1 and supplementing this cultural practice by treating infested fields
with DDT dusts or sprays.

List of Tables
Page

Table 1. Summary of General Life History of the Oblique-Banded
Leaf Roller on Red Raspberry, Gresham, 1943 -------------------------------------------- 6

Table 2. Percentage of Leaf Roller Forms and Parasites at Vari-
ous Dates, Gresham, 1943 ----------------------------- ------------------------------ 7

Table 3. Oviposition of the Leaf Roller, Gresham, 1943 -------------------_---...... 8

Table 4. Incubation Period of Eggs Laid During August and Sep-
tember, 1943 ------- ----------------- ------------- --------------------------------------- -- 9

Table S. Counts of Hibernating Larvae on New and Old Canes,
Gresham, January 4-8, 1944 --.... 12

Table 6. Emergence of Overwintering Larvae 12

Table 7 Experiments for the Removal of Leaf Roller Larvae from
Harvested Red Raspberry Fruit-Gresham -------------------------- 32

Table 8. Sprays for Overwintering Leaf Roller Larvae, I,
lis, Oregon 33

Table 9. Sprays for Overwintering Leaf Roller Larvae, II, Corval-
lis, Oregon

- -------------------------- ------------------- ------------------------ 34

Table 10. Field Sprays for Overwintering Leaf Roller Larvae,
Gresham, 1944 ------------------------- 34

Table 11. Experimental Field Leaf Roller Insecticide Trials, April 7,
1944, Gresham -- ----------------------------------------------------- -- 36

Table 12. Semicommercial Experimental Control of Leaf Roller,
Gresham, 1944 -------------------------------------------- -....... .---------- --------------------------------------- 37

Table 13 Summary of Experimental Trials for Control of Leaf
Roller Larvae, April 14 to April 30, 1944-Gresham ................................ 38



The Oblique-Banded Leaf Roller
on Red Raspberries*

[Archips rosaceana (Harris)]

By
JOE SCHUH and DON C. MOTE

Description and Field Studies
INTRODUCTION

DURING the 1943 season, a serious outbreak of the oblique-
banded leaf roller occurred in the Gresham area of Multnomah

and Clackamas Counties. The studies reported in this publication
were undertaken as a result of this outbreak.

This pest is common throughout the Willamette Valley. On
berry crops, it has occurred in serious proportions only on the red
raspberry. The larvae of this moth had been noted on raspberries
in small numbers from 1940 to 1942 In 1943 the worms were
found in such large numbers that berries became unmarketable in
most of the Gresham berry-growing area. During this year about
half of the crop was not harvested because of this pest. In 1944 a
large scale control program was initiated and the pest was reduced
to such low numbers that no further outbreaks have occurred since.

Permission to initiate this large scale experimental control pro-
gram was obtained from the War Food Administration. Allocation
of enough DDT to conduct the program was made by the War Pro-
duction Board.

LIFE HISTORY DURING 1943
The first field observations were made on July 25. On this date

29 out of 31 egg masses were completely hatched. One was 5 per
cent hatched and 95 per cent parasitized by Trichogramma minuta,
and the other was 66 per cent hatched and 33 per cent black-headed.
Subsequent examinations of egg masses revealed no unhatched eggs.

During the remainder of the season, examinations were made
at regular intervals of the doings of the larvae, their transformation,

* ACKNOWLEDGMENTS: The help and cooperation of the following persons and organiza-
tions are greatly appreciated: Dr. C. F. W. Muesebeck and his staff of the U. S. Na-
tional Museum for determination of the parasites; Mr. H. J. Ostlind for making many of
the detailed counts; Dr. R. H. Robinson for analyzing DDT residues; Mr. F. J. Becker
and Gresham Berry Growers, Inc., for laboratory facilities and fields of grower members in
which to work; Dr. C. Eagelson for helping in some phases of the field work; Dr. G. R.
Ferguson for collaborating in laboratory experiments; Geigy Company, Inc., California-
Spray Chemical Corporation, and Stauffer Chemical Co., for supplying experimental insec-
ticides; Dr. G. F. MacLeod, Chief, Chemical Division, Chemical and Fertilizer Branch,
Office of Materials and Facilities, War Food Administration at the time this control program
was initiated
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Table 1 SUMMARY OF GENERAL LIFE HISTORY OF THE OBLIQUE-BANDED LEAF ROLLER ON RED RASPBERRY, GRESHAM, 1943

July August August August August August August August August
Septem-

ber
Septem- Septem

her ber
Leaf roller stages 30-31 4 8 10 14 17 24 27 30 3 7 12

............... 135 89 93 106 83 84 28 24 9 2 0 0 0
I .............. 4 0 0 0 0 3 12 32 35 14(1) 2 1 0
.................... 7 6 2 5 7 13(3) 11 13 28(1) 44(6) 37(10) 38(7) 25(6)

3 5 4 0 5 5 12 1 12 25 17 13 15
..----------- ---- 0 0 1 3 7 6 6 3(1) 1(1) 0 1(1) 3(3) 5(5)
-------- _----- . 0 0 0 0 11 26 56(6) 78(22) 91(28) 76(39) 76(57) 76(70) 104(94)

Emerged pupae 0 0 0 0 0 0 0 ., 7 15 33 59 48

All numbers in to puparia of the tachinid fly Phorocera erecta and are included in the total number to the left of these numbers
'Parasitation not enable.
'Cause of death
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THE OBLIQUE-BANDED LEAF ROLLER

and the parasites which attacked them. The information relative to
the larvae from the July brood of eggs is tabulated in Tables 1
and 2.

Table 2. PERCENTAGE OF LEAF ROLLER FORMS AND PARASITES AT VARIOUS DATES,
GRESH A M. 1943

ate upae

Per cent

Pupae
weighted

to 100 Emerged
per cent pupae

Per cent Per cent

merge
pupae

weighted
to 100

per cent

Per cent er cent er cent
August 10 ------ 0 0 4.4
August 14 ..... 9 7 19.8 0 10.6
August 17 ------ 19 0 37.5 0 15.3
August 24 .. 48.7 96 2 0 0 10 7 27.0
August 27 ------ 50 6 100.0 1.9 6.1 28.2 44.8
August 30 .. __ 3.8 12.2 30.8 56.8
September 3 . 8 5 27.3 51.3 69.3
September 7 19.9 64.0 75.0 68 7
September 12__ 31 1 100 0 92.1 66.3
September 15_. 70.6

The first pupa was observed in the field on August 10. The
first moth and empty pupal case were observed on August 24. The
first egg mass was observed in the field on August 27 and the moths
were becoming common on this date.

No healthy pupae or other leaf roller forms that developed from
the eggs laid during July were found in the field on or after Septem-
ber 12. Many pupae collected before this date and all pupae collected
on or after this date either were found to be parasitized or failed to
develop for unknown reasons. All pupae that failed to produce
moths or parasites were dissected and in no instance was there any
insect life present.

OVIPOSITION AND INCUBATION STUDIES IN THE
FIELD, GRESHAM 1943

On August 28 a series of 60 new canes was selected for obser-
vation on oviposition. Comparatively few eggs had been laid before
this date. Forty of these canes were observed in one field and 20
in another. Each cane was marked with a large identification tag
and, as new egg masses were laid, the leaves on which they were laid
were marked with smaller tags. In this way a record of the oviposi-
tion and incubation period could be accurately determined. Examina-
tions were made each day throughout the oviposition and incubation
period. Table 3 gives the pertinent information as to the oviposition
period.

E d



Number of egg
each date

Progressive Iota
Percentage of t

laid

12
12

5

August

30

Is
30

11

31- 1

26
56

11

9
65

13

Its

4 5 1 6

127

18

September

232

66

Ill 11

6
252

95

12 13 14 16

1

264

100

1 9

2-1

78

2a

masses laid
............................

1 of egg masses
otal egg masses

Table 3 OVIPOSITION OF THE LEAF ROLLER GRESHAM, 1943

S

20 29 30 20 14 6 2 3
119 156 186 206 246 258 260 263

45 59 70 78 93 98 98 99............................



THE OBLIQUE-BANDED LEAF ROLLER

The 40 canes in the one field had 217 egg masses present at the
end of the season or an average of 5.4 egg masses per cane. The
20 canes in the other field had 47 egg masses or an average of 2.3

egg masses per cane.

A collection of black-headed egg masses was made at random
on September 14 to determine the number of eggs per mass. These
masses contained the following numbers of eggs : 308, 89, 166, 237,
203, 233, 175, 72, 337. Average number of eggs per mass was 202.2.
This number is considered a fairly representative figure.

From these data the following estimates can be made. Consid-
ering there are 10 or more new canes per hill, 1,800 hills per acre, 200
eggs per mass, and 5.4 egg masses per cane, the number of larvae in
the one field was approximately 20,000,000 per acre at the end of
the growing season. This estimate is conservative because the eggs
on the old canes are not taken into consideration. The field in which
these studies were made was not the most heavily infested in the
area. There were many fields with lighter infestations.

There were 24 old egg masses on the 60 canes when these studies
were begun. If this is an accurate measure of the abundance of July
eggs, 11 times as many eggs were laid in August and September as
in June and July.

Table 4 summarizes the data on incubation of eggs which were
laid between August 28 and September 16 and which hatched by
September 26.

Table 4. INCUBATION PERIOD OF EGGS LAID DURING AUGUST AND SEPTEMBER, 1943

Number of days for
egg masses to hatch

Number of egg
masses hatching

7 --- 1
8 -- 3
9 ... 1

10 _.. 11
11 _.. 20
12 ... 22
13 __. 14
14 ... 15
15 .._ 3

Mean incubation under field conditions: 11.9 days.

The mean incubation period for the eggs examined was 11.9
days. The shortest period of incubation was 7 to 9 days but these
figures may be in error as certain egg masses may have been over-
looked on the canes for several days after they had been laid.
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Figure 2. Upper left: unhatched eggs of the oblique-banded leaf
roller. Upper right: hatched eggs. Lower left: parasitized eggs
among hatched eggs. Lower right : eggs (black head of larvae
showing through egg shells).
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EGG-LAYING HABITS UNDER FIELD CONDITIONS
Under field conditions the eggs are laid on the upper leaf sur-

faces of various plants. In no instance were eggs ever found any
other places. In raspberry fields, by far the largest number of eggs
was laid on the raspberry, but it was not uncommon to find them on
such weeds as pigweed, lamb's quarter, dogbane, and other less com-
mon weeds. In very few instances were leaf roller larvae found to
feed on these weed egg hosts. On other true hosts which were
examined, such as blackberry, thimbleberry, hazel, etc., the eggs were
always found on the upper leaf surface.

On raspberry the large majority of the eggs are laid from 3 to
5 feet from the ground, although occasional masses may be found on
lower or higher leaves. The leaves of the new canes seem to be
preferred for oviposition, but large numbers are also laid on the
leaves of bearing canes. The July batches of eggs are possibly more
inclined to be laid on the leaves of bearing canes, while the September
eggs are mostly laid on the leaves of the new canes.

HIBERNATION OF LEAF ROLLER LARVAE
From studies in the fall of 1943 it was discovered that the leaf

roller larvae hibernate very soon after they change to the third
instar. Occasionally what appeared to be second and even first instar
larvae were found spun up in hibernaculae. The hibernaculae are
small, circular, disk-shaped, silken cocoons which are placed between
the bud scales and under bark scales. The hibernating larvae in all
cases are more or less drawn up in the manner of an accordion and
are much shorter in length than a feeding, third instar larva. This
diminution in size is probably connected with a loss in moisture con-
tent and therefore a concomitant increase in concentration of body
fluids which would better enable the larvae to withstand the rigors
of a severe winter.

On January 4-8, 1944, a number of old canes (1943 bearing
canes) and new canes were collected from the same bush in a
heavily infested planting to determine where most of the larvae
hibernate both in regard to type of cane as well as to the placement
of hibernaculae on the cane. Table 5 gives the results of these
counts.

From this table it is evident that the large majority of the larvae
hibernate on the old canes where there are suitable loose bud and
bark scales. On the old canes there were approximately 35.8 hiber-
naculae per foot of cane, while on the new canes there were only
11.3 hibernaculae per foot, or more than three times the number on
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Table 5. COUNTS OF HIBERNATING LARVAE ON NEW AND OLD CANES, GRESHAM, JANUARY 4-8, 1944

37"-48"
from ground

55"-66"
from ground

T tal Total

Total
alive
andLocation of

hibernaculae Dead
o

alive dead dead

Three old canes*
Bud scales 63 3 124 S 2 224 13 237
Bark scales ------ 58 9 53 5 1 125 15 140

37"-54"
Six new canes from ground

Bud scales 35 2 41 2 30 5 20 0 126 9 135
Bark scales 67 0 26 5 0 0 0 0 93 10 103

* These canes only 4 feet high where topped

the old canes. Near the ground level where there are many bark
scales, the larvae are quite abundant, while higher up on the cane
where the canes are smoother, the hibernaculae are more common
under the bud scales. The number of dead larvae on the new canes
was 7.4 per cent and on the old canes 8 per cent. No definite reason
could be found for the death of these larvae except that they may
have been killed in handling the canes. No evidence of parasitism
or predaciousness was found in any of the hibernaculae examined.

On January 8, 1944, 25 old cane stubs were collected on the
same bush and on adjacent bushes where the old and new canes were
collected for the foregoing counts. These were examined for hiber-
naculae and the following were found : 13 live larvae, 4 dead larvae.
From these counts it appears that old cane stubs are not very suitable
places for hibernation quarters.

Many old, fallen leaves were examined for hibernaculae and
only one larva was found. About six cubic feet of fallen leaves were
collected and caged for emergence of larvae in the spring but no lar-
vae emerged. No parasites were recovered from these fallen leaves.

EMERGENCE OF OVERWINTERING LARVAE
During the winter of 1943-44 a number of heavily infested rasp-

berry canes were collected to determine the spring emergence of the
overwintering larvae. Examinations were made at periodic inter-
vals to determine the number of larvae that had left their hibernation
quarters. Table 6 presents the results of these studies.

Table 6 EMERGENCE OF OVERWINTERING LARVAE

Date examined
Number of
larvae deal

Per cent
emerged

March 8 -------------------------- 11 84 5 5.6
March 16 ------------------------ 10 77 13 14.4
March .23 _---------------------- 6 65 29 30.9
April 1 15 27 58 68.2
April 8 -- _---------------- 16 18 66 78 6
April 17 -------------------------- 3 10 87 89 7
April 24 ------------------------- 4 0 96 100.0
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As may be seen in Table 6, emergence begins during the first
week in March and is completed by the last week in April.

There is some natural mortality of the larvae during the winter,
but it has not been definitely established whether this is due to me-
chanical injury in handling the canes or whether there is some death
from low temperatures or other natural causes. No predators or
parasites were encountered in making these examinations. Appar-
ently there are no hold-over larvae which emerge at a later date.

The emergence of the first larvae is very well timed with the
breaking of the first raspberry buds.

NOTES ON LIFE HISTORY DURING THE SPRING
AND EARLY SUMMER MONTHS

During March, April, May, and part of June and July, the
larvae feed on various parts of the raspberry plants. During March
and April most of the feeding is confined to leaf clusters developing
out of the buds, but later in May, June, and July the larvae feed in
rolled leaves and in the tips of the new canes.

A few pupae may be found during the latter part of May, but
most of them transform through June and in the early part of July.
Moths are most abundant during the latter part of June and the first
two weeks in July. The eggs from these moths usually are all
hatched by the last week in July,

Most of the larvae from these June and July eggs develop to
maturity to make another generation of moths in August and Sep-
tember, but a few of these larvae spin up cocoons while in the third
instar and do not emerge until the following, spring. From August
12 to August 23, 1944, 33 new canes were examined for hibernaculae.
A total of 61 occupied cocoons was found on these canes. No infor-
mation is at hand concerning the percentage of larvae that spin up
in midsummer.

HOSTS AND HOST PREFERENCE

The oblique-banded leaf roller appears to be quite an omnivorous
feeder. In many cases the plant on which a particular insect is
found is not its true host but only a casual host. This statement
appears to hold true for the leaf roller. General observations for
1943 to 1945 indicate that the spring hosts, which obtain their initial
population from overwintering larvae, are not as common as the
summer hosts which obtain their population by as yet not fully ex-
plained means, 'among which are wind dispersal and adult moth
dispersal. Whether the characteristics of a winter host must include
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suitable hibernation quarters is as yet not explained. All hosts on
which the larvae of the leaf roller have been observed are listed
below. The hosts which appear to be preferred are preceded with
an asterisk (*). Hosts on which only eggs have been found are so
indicated.

HOSTS ON WHICH LARVAE WERE FOUND

Almond cherry (Prunus glandulosa) Plumeot (Prunus armeniaca X salicina)
Oriental flowering cherries (Kwanzan, Common laurelcherry (Prunus laurocerasus)

Shirotae, Shiro-Fugen) Cultivated Scotchbroom (Cytisus sp.)
English hawthorne (Crataegus oxyacantha) Cultivated gooseberry (Ribes sp.)
Cultivated flowering hawthorne (Crataegus Bluebeard (Caryopteris sp.)

carrierei; Paul's Scarlet) Common horsechestnut (Aesculus hippocas-
Golden Chain (Laburnum vossi; Laburnum tanum)

anagyroides) European white birch (Betula pendula)
Common quince (Cydonia oblonga) Cutleaf sweet birch (Betula lenta laciniata)
Japanese flowering quince (Chaenomeles Cultivated filbert (Corylus sp.)

japonica) Red elderberry (Sambucus racemosa calli-
Boxelder (Acer negundo) carpa)
Sugar maple (Acer saccharum) Italian plum
Red maple (Acer rubrum) Imperial French plum
Vine maple (Acer circinnatum) Cultivated sweet cherry (Royal Ann)
Norway maple (Acer platanoides) Mock orange (Philadelphus gordonianus)
Broadleaf maple (Acer macrophyllum) Virginal mock orange (Philadelphus vir-
Red alder (Alnus rubra) ginalis)
Garry oak (Quercus garryana) Wild goldenrod (Solidago sp.)
Scarlet oak (Quercus coccinea) Weeping cherry
Pin oak (Quercus palustris) Mazzard cherry (Prunus avium)
Eastern redbud (Cercis canadensis) Myrobalan plum (Prunus cerasifera)
Wild pea (Lathyrus sp.) Ginkgo (Ginkgo biloba)
Ocean spray (Holodiscus discolor) Linden (Tilia sp.)
Himalaya blackberry (Rubus proccrus) Panicled goldraintree (Koelreuteria panicles
Boysenberry (Rubus sp.) lata)
Youngberry (Rubus sp.) European purple beech (Fagus sylvatica pur-
*Red raspberry (Rubus idaeus) purea)
Blackcap raspberry (Rubus occidentalis) Saucer magnolia (Magnolia soulangeana)
Thimbleberry (Rubus parviflorus) Flowering dogwood (Corpus Florida)
Wild blackberry (Rubus Macropetalus) Pacific dogwood (Corpus nuttallii)
*Wild and cultivated roses (Rosa spp.) Redflowering currant (Ribes sanguineus)
*Holly (Ilex sp.) Cultivated currant (Ribes sp.)
*Cultivated apple (Malus pumila) American sweetgum (Liquidambar styraci-
Cultivated pink flowering locust (Robinia

sp.)
Cascara (Rhamnus purshiana)
Flowering plums (Pissard, Vesuvius, Cis-

tena, Triloba, Blireiana, Newport, Huey,
Thundercloud)

Weigelia (Weigelia sp.
Franchet cotoneaster ( otoneaster francheti)
Brightbead cotoneaster (Cotoneaster glauco-

phylla serotina)
Cultivated ceanothus (Ceanothus 'sp.) Privet (Ligustrum sp.)
Altaclerense rhododendron (Rhododendron Cultivated crab apple (Purple, Hopa, Neidz-

altaclerense) wetskyana, Eleyi, Bechtel)
Cultivated camellia (Camellia sp.)

EGG HOSTS ONLY
(Eggs found on these hosts but no larvae)

Pigweed (Amaranthus retroflexus) Dogbane (Apocynum androsaemifolium)
Lamb's quarter (Chenopodium album) Chinese lettuce (Lactuca scariola)
Wild buckwheat (Polygonum convolvulus)

DESCRIPTION OF EGGS

The eggs are laid in imbricated flat masses like the shingles on
a roof. When first laid they are a pastel green, slightly lighter in
color than the upper surface of the raspberry leaves upon which they



THE OBLIQUE-BANDED LEAF ROLLER 15

are laid. The number of eggs in a
mass varies from only a few up to
several hundred. When ready to
hatch, the black head capsules of
the developing larvae can be seen
through the egg shell. Eggs par-
asitized by Trichogramma minuta
also turn black. The parasitized
egg differs from the egg ready to
hatch in that it is an even jet black
throughout, while the egg nearing
the end of its incubation period has
only a black spot in it.

Hatched eggs are pure white in
color and have the appearance of
small patches of spit on the leaves.

DESCRIPTION OF LARVAE

The first instar larvae are lemon
yellow in color and have a black
head capsule. The average length
of 13 first instar larvae was 1.93
mm.
The second instar larvae are

grayish yellow to greenish yellow
in color and have a tan head cap-

sule.

Figure 3. Tachinid fly egg on The third instar larvae are yel-
leaf roller larva. lowish green and have a black head

capsule.
The fourth and fifth instars are grayish green in color and are

to I inch long. They have black head capsules. The sixth instar
is generally a brighter green with a black head capsule. The seventh
instar is bright green and is from 4 to 1 inch long; the head capsule
may be either brown or black.

DESCRIPTION OF THE PUPAE

The pupal case is a dark, reddish brown in color and is 2 to k
inches in length. At the tail end there are 6 small recurved hooks
which serve as anchors when the moth is emerging.
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Figure 4. Pupal case of oblique-banded leaf roller extruding from
leaf roll.

DESCRIPTION OF THE ADULTS
The adult moths have a wingspread varying from - to 1 inches.

The males generally measure about a inch and the females about
1 3/16 inches. Total length with the wings folded over the back
varies from 7/16 to a inch.

The forewings of the moths are reddish brown with two oblique
bands. The hind wings are a light yellowish tan.

LENGTH OF THE VARIOUS STAGES
ADULTS : Under field conditions in 1943 the adult moth popu-

lation seemed to follow the emergence curve quite closely. During
the peak of emergence the moths were very abundant in raspberry
fields and as soon as the emergence began to fall off the population
of adults dropped correspondingly. This indicates that the life of
the adults is quite short.

A number of male and female moths were reared in the labora-
tory to determine the length of life. The average length of life of
26 females with the presence of males was 7 days with a range of
2 to 13 days ; 23 males in the presence of females lived for an aver-
age of 6.8 days with a range of 4 to 10 days. These moths all were
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caged on raspberry leaves. Four pairs of moths which were caged
without plant material of any kind were found to live 7 days in the
female sex and an average of 5 days in the male sex.

EGGS : See discussion of the incubation period.
LARVAE : No larvae were reared from the egg to the pupal stage

in the laboratory to determine the duration of this stage. Under
field conditions the apparent length of this stage, for the larvae from
June and July eggs, is about 5 to 6 weeks. The larvae which hatch
from eggs laid during August and September do not transform until
the following June and July. Their length of life would therefore
vary between 9 and 10 months.

PREPUPAE : The quiescent stage between the larvae and pupae
lasts only about one day. Under laboratory conditions, as nearly as
could be observed, the length for 13 prepupae was 1.3 days.

PUPAE : Under laboratory conditions the duration of this stage
was 10.7 days for 6 pupae. Observations on 5 field collected pre-
pupae showed a pupal period of 10.4 days.

TRANSFORMATION
The larvae change over to the resting or pupal state in rolled

leaves. As a rule only one leaf is used for this purpose. The outer
edge is curled under and tied to the lower leaf surface with silk.
When the moth is ready to emerge the pupa wriggles until it projects
from one end of the roll; here it.is held by the barbed hooks which
are found on the posterior end of the pupal case. After emergence
the empty pupal cases are quite conspicuous as they protrude from
the rolled leaves.

DISPERSAL OF LEAF ROLLER FORMS
The moths are rather weak flyers and are seldom seen far from

their host plants. In heavily infested raspberry fields very few
moths were seen outside the plantings themselves. Wind doubtless
plays some part in dispersing the adults but because of their low
flying habits it is probably of minor importance. Bright light at-
tracts the moths and may play a part in dispersing them.

During the oviposition and incubation period in August and
September 1943, strong east winds blew off many of the leaves con-
taining eggs and scattered many eggs away from their original depo-
sition place.

Small larvae may often be seen hanging by silken strands from
the leaves. On numerous occasions they were found to move from
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leaf to leaf on these webs when a slight wind was blowing. To test
the drift of small larvae by wind and other natural means a series of
fly papers (6" x 12") was attached to a vertical support. The papers
were placed in the field on September 23 and examined September
25. At this time small larvae were extremely abundant in this heavily
infested area. During most of the time the papers were exposed the
east wind was blowing 25 to 30 miles per hour. All larvae captured
were in the first instar.

The results of this experiment were as follows :
Distance of paper from ground Number of larvae

Sticky side of paper to east
6 feet ........................................................................................... 8
9 feet -------------------------------------------------------------------------------------------- 2

12 feet ------------------------------------------------------------------------------------------ 4
Sticky side of paper to west

6 feet ----- ................................ -............ ---....................................... 6
9 feet ------------------------------------------------------------------------------- 5

12 feet -------------------------------------------------------------------------------------------- 1

From these data it appears that the larvae are dispersed at least
to some extent by wind. No further studies were made because of
the time involved.

Another interesting fact about leaf roller dispersal is that larvae
never seem to be congregated around egg masses. This indicates
that there must be some as yet unstudied means of dispersal. The
orange tortrix, not uncommon on raspberries, is often found concen-
trated around egg masses and so are many other caterpillars which
emerge from eggs laid in large numbers in a limited area.

LARVAL HABITS ON THE BUDS IN EARLY SPRING
The emergence of the first larvae from their wintering quarters

is well timed with the development of raspberry buds. These early
emerging larvae often produce severe bud injury. 'In heavy infesta-
tions the number of buds per plant is often far below the larval
population, and therefore it is not uncommon to find more than one
larva per bud. As many as 20 larvae have been found in one bud,
and it is common to find from 2 to S.

The first larvae often enter buds just as the scales are spreading.
In this instance the bud may be entirely destroyed by one or two
larvae. After the buds get larger the plant growth generally keeps
a little ahead of the larval development. These older buds often
have their developing leaves severely riddled with holes and may at
times be entirely eaten up or so badly webbed and tied together with
silk that they become deformed and fail to develop normally.
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Figure 5. Left: typical leaf roller injury to tip of raspberry shoot.
Right: normal or uninjured shoot.

LARVAL HABITS ON THE LEAVES

The smaller larvae of the first to the third instar work most
often on the under sides of the leaves. Here they spin small silken
tunnels along the midrib or main veins in which they feed. This
injury has more or less of a skeletonizing nature and in many cases
results in what appear to be pinholes on the upper leaf surface along
the veins.

The older larvae either roll under the leaf edges and tie them
to the lower leaf surface, or work in the growing tips where they tie
together the developing growth. This latter injury is conspicuous
and forms the easiest means by which leaf roller infestations can be
quickly detected. This tip feeding habit often results in branched
canes and when the injury occurs early in the season it may cause
considerable damage to the fruiting canes of the following year.

Defoliation, as such, is of minor importance even in extremely
heavy infestation, although on certain occasions individual plants
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have been severely defoliated. It may be said in general that if it
were not for the fruit infesting habits of the leaf roller this pest
would be of but little economic importance on cane berries.

Figure 6. Webbing of first and second instar leaf roller larvae along
under side of midrib.

LARVAL HABITS ON BLOSSOMS AND
GREEN BERRIES

The larvae from the overwintering brood cause some loss by
feeding on the blossoms and green berries during May and June. It
is not uncommon to find groups of blossoms tied together or tied to
adjacent leaves and the larvae feeding within this nest. Some of
these blossoms are entirely consumed leaving nothing but, the stem.
Green berries are also often attacked; in this case, the larvae may
consume all or part of the developing drupes, leaving nothing but the
receptacle and sepals. The blossom and green berry injury is gen-
erally of minor importance and causes little concern even in heavy
infestation.
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LARVAL HABITS IN THE FRUIT
The main concern which the leaf roller causes in red raspberries

and other cane fruits is its presence in or on the harvested crop and
subsequently in the processed product.

On the berries which have cores, such as boysenberries and
loganberries, the larvae confine their attack almost entirely to the
surface of the fruit. They spin loosely woven silken webs between
the individual drupes and feed on the surface of the drupes beneath
the web.

On red raspberries the larvae may feed on the surface as in
the case of cored fruits, but the usual place of feeding on raspberries
is within the cup. They seem to attack over ripe berries to a greater
extent than the green or prime fruit, undoubtedly because they can
gain easy entrance between the cup and the receptacle. Within the
cup of the berry the larvae spin their silken webs and tunnels and
often fill the cups with excrement, cast skins, and other body wastes.
This habit makes them especially objectionable. In many cases the
larvae feed on the core of the fruit rather than on the berry itself.

Another factor which makes them more troublesome in rasp-
berries than in cored fruits is that the larvae cannot be seen as easily
in grading the fruit, nor are they as easily washed out as when they
are on the surface.

Many samples of berries were taken in the course of these
studies to determine the incidence of larvae in the various fruits.
The greatest number of larvae observed per pound of fruit were:
red raspberry, 82; blackcap raspberry, 8; boysenberry, 3; young-
berry, 17; and loganberry, 1.

The larvae found in fruit are generally confined to the first
five stages. The larger larvae of the later stages usually confine
their attacks to the leaves and tips.

HABITS OF FALL BROOD LARVAE
The fall brood larvae began to become abundant in the field in

1943 during the last of the second week in September. These fall
brood larvae develop only to the third instar and then hibernate.
Nearly all of them, or at least a large majority, confine their feeding
to the under sides of the leaves where they spin small silken webs
along the midrib or main veins and between the folds of developing
leaves. Where old injuries are common these young larvae congre-
gate in great numbers. For example, on September 14, 70 pupal
leaf rolls were examined and one or more first instar larvae were
found in all but two of these rolls.
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The incidence of first and second instar larvae on various plant
parts on September 17, 1943, may be tabulated as follows :

NUMBER OF LARVAE FOUND ON 25 OF THE ENUMERATED PLANT PARTS

Fairly Axillary
Instar Old leaves new leaves New tips buds Pupal rolls

First Instar ------------ 76 6 85 66 211
Second Instar .......... 7 0 10* 7 39

Counts of the pupal rolls were made on only one leaflet. The
counts on old and fairly new leaves were made on all three to five
leaflets of a leaf and the counts of the new tips and axillary buds
included the complete tip or bud.

From these counts it is quite evident that old injuries are pre-
ferred for feeding places by the young larvae. No matter where
the larvae occurred, the feeding showed up as small pinhole-like
perforations on the upper sides of the leaves. No evidence of para-
sitism, cannibalism, or predatism was observed while making these
counts on this date.

On September 24, 1943, counts were made with the following
results :

Instar
25 entire
old leaves

Single leaflets of
pupal leaf rolls

First ------------------------------------------------ 77 41
Second ------- ------------------------ -------- 61 68
Third ------------ ----------------------------- 1 7

In the foregoing counts 9 dead larvae were found on the old
leaves. The cause of their death was not ascertained.

On September 26, 1943, it began to appear that the proportion
of third instar larvae was low as compared with what it should have
been if the larvae developed and grew as expected. Counts on old
canes revealed that the third instar larvae were beginning to hiber-
nate under the bark and bud scales. On 46 inches of old cane a
total of 22 third instar larvae was found, as well as what appeared
to be 1 second and 1 first instar larva.

The last examination of raspberry canes was made on October
24, 1943, with the following results :

Plant part Number Number without Number of larvae
examined examined larvae present found

Old leaves ______________ 50 46 4
New leaves ---------- 25 25 0
Axillary shoots. ___. 25 25 0
Terminal shoots .... 25 25 0

*One third Instar.
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All the old leaves examined had evidence of larval injury and
webbing present but only four third-instar larvae were found in all
these counts. These data indicate that nearly all larvae were in hi-
bernation quarters on this date.

HABITS OF ADULT MOTHS

The moths of the leaf roller fly mostly at twilight. Very few
moths fly during daylight hours without being disturbed. They hide
mostly on the under sides of leaves and when flushed dart quickly
to another hiding place. At dusk in heavily infested raspberry fields
during the first week and a half of September 1943, literally thou-
sands of moths could be seen flying between each row of raspberry
plants. The moths are often attracted to lights at night.

Codling moth baits, McPhail fly traps, fly papers, and light
traps were used in an attempt to attract moths and thus determine
the abundance and emergence of moths. Many moths were taken in
these various traps but the results were too inconsistent to be of any
practical value.

Miscellaneous Laboratory Studies

OVIPOSITION AND PREOVIPOSITION PERIOD
IN THE LABORATORY

In the laboratory, female moths paired with males and given
raspberry leaves on which to feed began laying eggs in from 1 to 7
days after emergence. None of them laid eggs after 8 days from
emergence. The egg laying period varied from 1 to 6 days while
some completed their egg laying in one day. In general, a moth com-
pleted her oviposition in about 3 days. In most cases not all of the
eggs of one female were laid in one egg mass but were divided into
several smaller masses. Female moths without the presence of
males produced no eggs and neither did pairs of moths which were
not caged on raspberry leaves or other plant material. Whether or
not leaves were caged with the moths in the laboratory, all the eggs
were laid on the wood or glass of the cages ; in no instance were they
laid on the leaves. Six glass slides (6" x 6") were hung in heavily
infested fields during the peak of the oviposition period, but no eggs
were deposited on them. Three of these slides were coated with an
ether extract of raspberry leaves.
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NUMBER OF EGGS LAID

In the laboratory the number of eggs laid per female varied con-
siderably. By actual count the egg production of 7 females was as
follows : 40, 552, 289, 668, 306, 518, 309. General observations in
the laboratory and out indicated that the number of eggs laid per
female under natural conditions was near or more than the highest
of the foregoing figures. Some difficulty was encountered in making
actual egg counts, but it was found that after the eggs became black-
headed the young larvae could be easily removed from the egg shells
and thus accurately counted.

INCUBATION PERIOD OF EGGS UNDER
LABORATORY CONDITIONS

The average time for the eggs to become black-headed varied
from 7 to 8 days. As a rule the eggs remained black from 1 to 2
days. Actual hatching varied from 8 to 11 days with an average of
9 to 92 days.

Figure 7. Oblique-banded leaf roller pupa and Tachinid fly puparium.
Figure 8. Adult of external parasite onchophanes atriceps ovipositing

on prepupa of oblique-banded leaf roller.
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PARASITES OF THE LEAF ROLLER
Following is a list of parasites and hyperparasites which have

been reared from various stages of the oblique-banded leaf roller.
Those marked with a double asterisk (**) are the most important,
those marked with a single asterisk (*) are quite common, and the
unmarked forms are fairly rare.

Figure 9. Pupal cases of the external parasite (Onchophanes atriceps).

I. Egg Parasites
*Trichogramma minuta Riley

II. Larval Parasites
A. EXTERNAL PARASITES

**1. Oncophanes atriceps (Ashm.)
**2. Microbracon politiventris (Cush.)

3. Pleurotropis sp. (Relationship to host doubtful.)
4. Simpiesis sp. (Relationship to host doubtful.)
5. Elachertus, cacoeciae How.

B. INTERNAL PARASITES (wasps)
*1. Angitia pterophorae (Ashm.)
*2. Itoplectis obesus Cush.
*3. Dioctes eureka (Ashm.)
*4. Apanteles polychrosidis Vier.
5. Perilitus coccinellae (Schrank) (Rearing records

doubtful.)
6. Mesochorus sp. (Relationship to host doubtful.)
7. Meteorus trachynotus Vier. (Relationship to host

doubtful.)
8. Scambus alboricta (Cr.)
9. Glypta sp. (Relationship to host doubtful.)

10. Nepiera sp.
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C. INTERNAL PARASITES (Tachinid flies)
1. Actia interrupta Curr.

**2. Pseudoperichaeta erecta (Coq.) (Phorocera)
3. Phorocera tortricis Coq.

III. Parasites Reared from Pupae
1. Ischnus atriceps (Cr.)
2. Itoplectis obesus Cush.
3. Itoplectis viduata (Gray.)
4. Pseudoperichaeta erecta (Coq.) (Phorocera)
5. Phorocera tortricis Coq.

*6. Brachymeria ovata (Say)

IV. Hyperparasites

1. Brachymeria ovata
(Say)

2. Dibrachys cavus
(Walk.)

3. Itoplectis obesus Cush.

4. Spilochalcis albifrons
(Walsh)

5. Amblymerus sp.

6. Hypopteromalus per-
cursor Gir.

7. Sympiesis bimaculata
Cwfd.

8. Pleurotropis tarsalis
(Ashm.)

9. "Hemiteles" tenellus
(Say)

10. Spilochalcis albifrons
(Walsh)

Reared from
Pseudoperichaeta erecta (Coq.)

puparia
Pseudoperichaeta erecta (Coq.)

puparia
Pseudoperichaeta erecta (Coq.)

puparia
Pseudoperichaeta erecta (Coq.)

puparia
Probably from Apanteles poly-

chrosidis Vier. and Oncophanes
or Microbracon.

Mostly from Oncophanes atri-
ceps (Ashm.) and Microbra-
con politiventris (Cush.) and
undoubtedly from Apanteles
polychrosidis Vier. and pos-
sibly others.

From one of the internal para-

sites.

From Oncophanes or Microbra-
con

Host not definitely determined
but reared from cocoon of an
internal wasp parasite.

Host not definitely determined
but reared from cocoon of an
internal wasp parasite.
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Figure 10. Pupa of one of the oblique-banded leaf roller parasites in
its parchment case.

PERCENTAGE OF PARASITISM IN RELATION TO
ABUNDANCE OF LEAF ROLLER LARVAE

Theoretically where the same parasite population inhabits an
area of light leaf roller infestation as an area of heavy infestation,
the parasitism should be greater in the lighter infestation than in
the heavier one. There would be more parasites per host and a
better chance to effect a high percentage of parasitism in a given
length of time. On the other hand, if the proper parasites were
present and could multiply fast enough in a given time, the parasite
population in a heavy leaf roller infestation could become relatively
as high as in the light infestation. In either eventuality, the result
might be the same ; namely that there would be a small remaining
leaf roller population escaping the parasites. Therefore the para-
sites may be said to eat themselves out of house and home. This set-
back to the parasites allows the leaf rollers to increase in numbers
to a limited extent. Essentially this is what appears to have hap-
pened to the leaf roller on red raspberry and other hosts in the
Gresham area during 1943 to 1945.

The following data are given in support of this contention. On
August 10, 1943, counts were made in a heavily leaf roller infested
raspberry field and the percentage of parasitism was found to be 4.4



PERILITUS
COCCINF-LLAE

NEPIERA
SP.

'OIOCTES"
K

ITOPLECTIS
0BESUS_

HYPER PAR ABITES

XYPOPTEROMALUB PERCURBOR
4'HEMITELES TENELLUS

8PILOCHALCIS ALBIFRONS

IFS

ACTIA
INTERRUPTA

PHOROCERA
TORTRICIS J

rc_SIMPIESIS
BIMACUL AT

NETEORUS
TRACHYNO

MESOCHORUS
SP.

RICNOGRAN.
MINUTA

ITOPLECTIS OBESUS

HYPERPARASITES
HYPOPTEROMALUS PERCURSOR
PLEUROTROPIS TARSALIS
HEMITELES' TENELLUS

ONCOPHANES
TRICEPS

MICR08RAC
POUTIVEN.

ELACHERTUS
CACOE. AE

PLEUROTROP. a

SP.

HY POPTEROMALUS
PERCURSOR

EGGS

(ADULT

LEAFROLLER

LARVA

PUPA

SIMPIESIB
SP.

ISCHNUS
P-SJLAIR

mx

r
I

BRACHYMERIA
OVATA

SPILOCHALCISL__J

ITOPLECTIS
OBSUS

OROCERA ITOPLECTISPH
TORT RICISS VIDUATA

RACHYMERIA
OVATA

SCAMBUS
ALBORICTA

PHOROCERA
ERECTA

ANCITIA'
IPTEROPHORAFI

APANTELE8
POLYCHRO 1 .

CLYPTA
s p.

ALBIFR ON 8

DIBRACHYS
CAVUS

ITOPLECTIS
oefsv

PH OROCERA PUPARIA
ERECTA

AMBLYMERUS SP.

Figure 11. Leaf roller parasite relationship.



V

f

Pr

11

y w'

.

Ill

29THE OBLIQUE-BANDED LEAF ROLLER

per cent; on the same day in an adjacent nursery where the leaf
roller population was comparatively low there was a parasitism of
29 per cent. On August 30 the parasitism had risen to 56.8 per cent
and by September 15 the parasitism was 70.6 per cent in the same
raspberry field as mentioned above ; later counts in the nursery gave
no data as the leaf roller population was so low that not enough could
be found to make any estimate of parasitism. The species of para-
sites found to be of greatest importance were Microbracon politiven-
tris and Oncophanes atriceps. The life cycle of these two species is
short enough that they can develop to enormous numbers in a com-
paratively short time. In the spring of 1944, the above mentioned
parasites again appeared in large numbers and these in conjunction
with the control program largely accounted for the cessation of dan-
gerous populations of the leaf roller in the Gresham area.

The minute egg parasite, Trichogramma minuta, would have
possibilities as an important parasite of the leaf roller if the initial
populations were sufficiently high, but in this case relatively few of
the first laid eggs are parasitized and by the time the parasites from
these parasitized eggs emerge most of the eggs have hatched. The
last eggs laid are quite heavily parasitized.

ENVIRONMENTAL ENEMIES OF THE EGGS

Of comparatively minor importance as an enemy of the eggs is
the small parasite, Trichogramma minuta. The parasitism of this
species was about 3 to 5 per cent during late September of 1943.

Several species of lady bug adults were not uncommon on rasp-
berries and in a few cases they were found near egg masses which
had been chewed on by some insect but in no instance were they
actually observed feeding on the eggs.

By far the greatest natural factor in reducing egg masses on
raspberry in 1943 was an almost continuous east wind during the
period in which eggs were on the plant. Many egg masses or parts
thereof were destroyed directly by mechanical action. In some cases
eggs were battered and pommeled to such an extent that they were
not viable. In other cases they were loosened from the leaf surface.
The large majority of the egg masses so loosened failed to produce
larvae. On September 12 and September 27 counts showed a loss of
leaves due to wind of 44 per cent and 77 per cent respectively. On
the latter date 81.8 per cent of the total egg masses which had been
laid were lost because of the wind. No definite data are at hand but
the loss of these large numbers of leaves and egg masses must cer-
tainly have had some influence on the 1944 population.
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ENVIRONMENTAL ENEMIES OF LARVAE
Besides the numerous parasites listed elsewhere, the following

factors were of more or less importance in reducing larval popula-
tions during 1943 to 1945.

The larvae of the green lacewing fly, Chrysopa californica, were
very common in the rolled leaves inhabited by leaf roller larvae dur-
ing August 1943. Several cases were seen where the lacewing larva
was actually feeding on the small leaf roller larva and many cases
were found where dead leaf roller larvae were in company with the
lacewing larvae.

A mite of the genus Seilus was often very common in company
with the small leaf roller larvae throughout the growing season.
Whether these mites attack leaf roller larvae was not definitely proved
but it appears that they may do so as large numbers of mites were
found at times on small dead larvae.

Several species of sparrows were common in heavily infested
fields but no data were gathered as to their importance in using leaf
roller larvae for food.

Ladybird beetle adults and larvae were found in company with
dead leaf rollers in a few instances but no actual proof was gathered
of their feeding on the leaf roller.

Earwigs were very common in the leaf rolls on raspberries dur-
ing the spring of 1944. In all cases observed there was no leaf roller
form present with the earwig. There is good reason to believe that
earwigs did feed on the larvae, pupae, and parasites of the leaf roller
as they are known to be omnivorous feeders.

ENVIRONMENTAL ENEMIES OF THE PUPAE
Numerous pupae were found which had been severely chewed.

In one instance a ladybird adult was found feeding on such an in-
jured pupa. Earwigs were not uncommon in company with pupae
but no direct evidence is at hand that they actually fed on them.
Several species of parasites were reared from the pupae, the most
-important of which was the tachinid fly, Phorocera erecta.

FIELD SPRAYS FOR CONTROL OF LEAF ROLLER
EGGS

On September 6 and 16, 1943, a tank-mix oil emulsion was ap-
plied to raspberries at Gresham in an attempt to kill leaf roller eggs.
A 2 per cent oil spray emulsified with J pound of Vatsol O.S. per
100 gallons was used. The oil had an unsulphonated residue of 92
per cent. The spray was applied at 300 pounds pressure and at the
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rate of 250 gallons per acre. The first spray application was made
when 59 per cent of the eggs had been laid but none had hatched.
The second application was made when 100 per cent of the eggs had
been laid and 40 to 50 per cent had hatched.

When the sprayed rows were examined on September 29, only
4 egg masses could be found although many eggs were present at
the time of spraying. During the interval between spraying and
examination, high east winds had practically stripped the plants of
leaves. Of the 4 egg masses present, 2 had hatched, indicating that
at least a partial control may be obtained with oil sprays. No foliage
injury was apparent on the sprayed plants.

FIELD SPRAY CONTROL TRIALS, 1943
On August 9, 1943, sprays were applied for control of leaf roller

larvae on red raspberry. A spray containing 4 pounds of acid lead
arsenate with one quart of Orthex oil spreader was used. The spray
was applied at 300 pounds pressure at the rate of about 250 gallons
per acre. Results were as follows :

ate counted

Number
of canes
counted pray

Injuries
with no
larvae

Live I Dead I sitized
larvae I larvae I larvae

Per
cent
of

dead*

August 18 20 Check 42 52 6 11 8.3
August 18 40 Lead arsenate 123 19 42 2 62.7
August 25 20 Check 66 21 8 36 11.3
August 25 40 Lead arsenate 136 15 63 4 71.6

* Pupae and parasitized larvae taken as being alive

The foregoing results indicate only fair control of the leaf
roller larvae.

REMOVAL OF LARVAE FROM HARVESTED FRUITS
During the period of heavy infestation of leaf rollers in the

harvested fruit of red raspberry in July 1943, a good opportunity

was afforded to try various means of eliminating the larvae from
this infested fruit.

The following methods and procedure were followed. The
treatments in each experiment were replicated four times. In each
treatment a half-pound sample of red raspberries was used. Sprinkle
washing was done on a small experimental cannery grader. This
grader was equipped with a water well into which the berries were
dumped ; water carried the berries onto a riddle with 4-inch spaces
between the slats. The water to the overhead sprinklers (8 in num-
ber in two parallel banks of 4 sprinklers each) was kept at a pressure
of 5 pounds per square inch at the pump. The sprinklers were 12



27.6

16.

30.3
1 7

0.0
0.0

32 STATION TECHNICAL BULLETIN 13

inches from the riddle and the berries remained under the sprinklers
for approximately 5 seconds. Fumigation was done in a 32-cubic
foot chamber equipped with a small circulating fan which was kept
running for the entire exposure period.

Results were checked by means of gasoline flotation.

Table 7. EXPERIMENTS FOR THE REMOVAL OF LEAF ROLLER LARVAE FROM HARVESTED RED
RASPBERRY FRUIT-GRESHAM

Treatment
:Number of Reduction

larvae of larvae

Per cent
Experiment No. 1;-July 22, 1943; temperature 75' F.

Untreated ------------------------------------------ ------- -------------------------------- 58
Sprinkle washed -------------------------------------------------------------------- 42
Fumigated before sprinkle wash with propylene oxide, 1 pound

per 1,000 cubic feet for z hour ._.---------------- ---------- ----------- 39
Experiment No. 2; July 22, 1943; temperature 75' F.

Untreated -------------------------------------------_----------------------------. ---------- 84
Fumigated before sprinkle wash with methyl isobutyl ketone,

1 pound per 1,000 cubic feet for 1 hour --------------------- -------------- 63 25 0
Fumigated before sprinkle wash with methyl isobutyl ketone,

2 pounds per 1,000 cubic feet for J hour ---__--__- 56 33 3

Experiment No. 3; July 22, 1943; temperature 74' F.
Untreated -------------------------- -- --------------------------------------------------- 137
Fumigated before sprinkle wash by vaporizing 1 pound

Pyrocide °20" per 1,000 cubic feet for 1 hour ----------------------- 71 48.2
Fumigated before sprinkle wash (10 pounds pressure) with

2 pounds methyl isobutyl ketone for I hour .____----- -------------- 94 31.4
Experiment No. 4; July 23, 1943; temperature 67' F

Untreated ------------------------------------------ ------------- ---------------------------- 91
Fumigated before sprinkle wash by vaporizing .36 pound

"Nico-fume" per 1,000 cubic feet for 1 hour ---__------__--------- 76
Fumigated before sprinkle wash by vaporizing 1 pound

Pyrocide "20" per 1,000 cubic feet for ' hour ---------------------- 84
Experiment No. 5; July 23, 1943

Sprinkle washed only --------------------------- ,---------- ---------------- 89
Samples held at -3' F. for J hour, then sprinkle washed -- ----- 69
Samples held at -3' F. for 1 hour, then sprinkle washed --- -- 62
Samples held at -3' F. for 2 hours, then sprinkle washed -- ----- 75

Experiment No 6; July 23, 1943
Sprinkle washed only------------ ------------------------------------------------ 92
Samples held at +12' F. for 1 hour, then sprinkle washed -- --- 104
Samples held at +12' F. for 2 hours, then sprinkle washed ------ 92

From the results shown in Table 7, it may be seen that with
sprinkle washing alone or in conjunction with pretreatment with
fumigants or freezing, a fair percentage of larvae can be removed.
None of these treatments are considered feasible, however, as too
small a number of larvae are removed when the original population
is considered.

SPRAYS FOR OVERWINTERING LARVAE
The first dormant sprays for leaf roller larvae were applied

February 5-8, 1944. The materials used and results of these trials
may be found in Table 8. Counts were made from two days to three
weeks after the spray applications; these counts were made prema-
turely to get some indication early as to what might be successful so
further trials could be conducted in 1944.
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This early trial gave indications that plain dormant oils or lime
sulphur sprays were of little value in control. Tar oil emulsion and
tar oil emulsion with dormant oil gave some indication of control.
Lime sulphur plus nicotine sulphate or Loro gave little indication of
results, but when Pyrocide "20" was added to lime sulphur fair re-
sults were obtained. The best results were obtained with various
combinations of DDT dissolved in dormant oils.

Table 8. SPRAYS FOR OVERWINTERING LEAF ROLLER LARVAE, I
CORVALLIS, OREGON

Amount per Larvae
Insecticide used 100 gallons I Alive dead

Check-no treatment ._._.._.._._._.__._ 208 14

Per
cent
6 3

Dormant oil with 4 per cent DDT 4 gallons 113 1505 57.0
Dormant oil with 4 per cent DDT 2 gallons 1172 36, 23.5
Dormant oil Kleenup .................:.... 2 gallons 112'$ 471 29 6Dormant oil with 4 per cent DDT
Lime sulphur, dry ------- ------ ..----------

2 gallons
40 pounds 165 173

.

9.3
Dormant oil Kleenup
Lime sulphur, dry .__.

2 gallons
12 pounds 56 3 5.1

Dormant oil Kleenup 4 gallons 37 32 7 5
Dormant oil Kleenup 2 gallons 42 21 4 5
Tar oil emulsion --------- 2 gallons 68 23 25.3
Tar oil emulsion
Dormant oil Kleenup ._

2 gallons
2 gallons 19 2 9.5

Lime sulphur, dry __ .

Nicotine sulphate __:....
40 pounds
18 pints 542 62 10 0

Lime sulphur, dry 40 pounds 28 114 228Pyrocide "20" ........
Lime sulphur, dry
Loro

1 quart
40 pounds
18 pints 53 6

.

10.2

Notes: Old canes were taken from Gresham, Oregon, to Corvallis, Oregon, and sprayed
February 5, 1944, except for the last three treatments which were sprayed February 8,
1944. Sprays were applied with a power sprayer at 300 pounds pressure. Canes were
thoroughly wet. It rained directly after the first 11 sprays and it rained during the last
three sprays. The canes were wet at time of spraying in the last three treatments. The
temperature was 45° F. during spraying. Dry lime sulphur was applied at lower dosages,
but counts were not made because of the low kill received at high dosage. 'The counts were
made in the laboratory from February 7, 1944 to March 1, 1944.

Prime number in live column refers to moribund larvae and prime number in dead
column refers to those larvae which had been dead for a long time

SPRAYS FOR OVERWINTERING LARVAE, II
The second dormant spray trial for hibernating larvae was ap-

plied on February 29 and counts were made from April 26 to May
22, 1944. At the time these counts were made, the emergence period
of the larvae was practically over. For materials used and results
of this test, see Table 9.

All materials which were used gave some control, but the best
materials in this trial again were the dormant oils containing DDT.
Another material which gave promising results was Elgetol.

Further trials using dormant sprays were not carried on, as a
satisfactory field control was worked out with DDT dusts and sprays
applied during April and May.
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Table 9. SPRAYS FOR OVERWINTERING LEAF ROLLER LARVAE, II
CORVALLIS. OREGON

Larvae counts
Amount per Larvae

Insecticide used 100 gallons dead

Per
cent

Check-no treatment ..................... ... 0 9 91 9 0
Dormant oil with 4 per cent DDT .. . 2 gallons 0 100 0 100.0
Dormant oil with 4 per cent DDT ------ 4 gallons 0 96 4 96.0
Dormant oil Kleenup -------------------------- 2 gallons 0 100 0 100 0Dormant oil with 4 per cent DDT ------ 2 gallons
Elgetol ------------_--------- ------------ ---------- 1 gallon 0 91 9 91.0
Elgetol ------------- 2 gallons 1 93 6 93.0
Lime sulphur, dry -. -------------- -.. 12 pounds 0 ' 38 62 38.0Dormant oil Kleenup 2 gallons
Lime sulphur, dry ----------- ----- --- ---------- 40 pounds
Pyrocide "20" (+ I pound Vatsol - 0 34 66 34 0

O.S.) --------- -. 1 quart
Lime sulphur, dry ------------------------------ 40 pounds 0 28 72 28.0
Lime sulphur, dry --- ---------------- 40 pounds 1 27 73 27.0Loro --- -------- -------------------------------- -------- 11 pints
Lime sulphur, dry -----__--------- ----- ---- 40 pounds 0 24 76 24.0
Lethane 60 ----- --- --------------------------- ------ 11. pints
Lime sulphur, dry ---------------- ------ ------ 40 pounds 0 24 76 24.0Lethane 440 --------------------------- ----------- 1; pints
Lime sulphur, dry ----------- - ------------- -- 40 pounds
Berako (2 5 per cent rotenone) 2 21 77 21.0

Acetone extract -------------------------- ------ 1 quart
Lime sulphur, dry --------------- -- - -- -- ---- 40 pounds 0 18 82 18.0
Nicotine sulphate -------- -- -------------------- 11. Pints
Dormant oil Kleenup 2 gallons 0 16 84 16.0
Dormant oil Kleenup 4 gallons 0 18 82 18.0
Check-no treatment 1 10 89 10.0

Notes: Sprays applied in same manner as in Table 8. Spraying was done on February
29, 1944 at Corvallis, Oregon, to old canes collected at Gresham, Oregon. Larvae counts
were made between April 26, 1944 and May 22, 1944.

Table 10. FIELD SPRAYS FOR OVERWINTERING LEAF ROLLER LARVAE

GRESHAM 1944

Field counts April 15,
1944

Amount per Buds

Per
cent

infes-
Insecticide used 100 gallons infested tation

Lime sulphur, dry --- - ------ --------------- ------------ 12 pounds 56 406

Per
cent
12.1

Lime sulphur, dry --------------- 24 pounds 37 253 12.7
Check, no treatment 24 99 19.5
Lime sulphur, dry 40 pounds 88 312 22.0
Dormant oil Kleenup 2 gallons 61 288 17 5
Lime sulphur, dry ..
Check, no treatment

12 pounds
38 100 27.5

Dormant oil Kleenup 4 gallons 81 233 26.0
Dormant oil Kleenup 2 gallons 102 229 30.8
Check, no treatment ------------------ ------- -------- 38 89 29.9
Dormant oil Kleenup with 4 per cent DDT 4 gallons 3 423 0.7
Check, no treatment --------------- _- ----------------- 25 205 10.9

Notes: All treatments applied with power sprayer at 300 pounds pressure. It rained
directly after sprays were applied. Temperature at time of spraying 45° F. Spray was
applied on February 3, 1944 at Gresham, Oregon, on young canes in the field. The old
canes had been cut out. The checks were on rows opposite the treatment that they follow.
Ten gallons of spray were applied to 100 feet of row. The rows were sprayed from both
sides.

34
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FIELD SPRAYS FOR OVERWINTERING
LEAF ROLLER LARVAE

On February 3, 1944, dormant sprays (Table 10) were applied
to Cuthbert red raspberries in the field at Gresham. As outlined in
Tables 8 and 9, the dormant oil containing DDT again gave the best
control. No evidence of cane injury was noticeable where these
sprays were used.

EXPERIMENTAL FIELD LEAF ROLLER INSECTICIDE
TRIALS, GRESHAM, APRIL 7, 1944

On April 7, 1944, several dust combinations were applied by
means of a hand duster. A number of sprays were applied with a
power sprayer at 300 pounds pressure. Table 11 gives the pertinent
information concerning this trial.

The best materials used in this trial were the DDT-containing
materials. Counts made 7 days and 12 days after application indi-
cated that nearly 100 per cent control was obtained in most cases
with DDT. The dust containing 40 per cent cryolite gave nearly 50
per cent control. The other materials which were used gave poor
results.

SEMICOMMERCIAL EXPERIMENTAL CONTROL OF
LEAF ROLLER, GRESHAM, APRIL 1944

During the latter part of April several semicommercial field
trials were applied for leaf roller control. As a whole, the results
of these tests gave but mediocre results (Table 12).

None of the materials used gave what is considered commercial
control. The materials were all applied with commercial power
equipment and the coverage obtained was not as good as in the trials
reported in Table 11. Trials 8 and 10 which contained DDT gave
only fair control, because of inadequate coverage (only 125 gallons
of spray were applied per acre).

DISCUSSION OF EXPERIMENTAL TRIALS FOR
CONTROL OF LEAF ROLLER LARVAE,

APRIL 14 TO 30, 1944-GRESHAM
Numerous dust and spray trials were conducted in an old aban-

doned raspberry field heavily infested with leaf roller larvae. The
results of these various trials are recorded in Table 13.

Two methods of tabulating results were employed. By one
method, the empty leaf rolls were counted to compare with leaf rolls
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3
4

3
3
3
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3
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Notes. Insecticides were applied at L. W. Aylsworth farm on April 7. 1944. Dusts were applied from 7:00 to 9:30 a.m. The temperature was
between 45S and 55 F. and the wind was blowing from 0 to ? miles per hour at time of application. The sprays were applied from 4:00 to 5:00 p.m.
It started raining at 4:45 p.m. at which time the spray Gesarol A-20 was being applied. Leaf roller infestation was very heavy. The acreage was
figured on an 8-foot row. Each treatment was applied to one row. Fifty injuries were counted to determine the number of empty injuries. Periodic
examinations after April 19 of the rows where D1)T was used indicated that 100 per cent control was obtained; live larvae could be found on all of the
other treatments after this late.

-
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Table 11 EXPERIMENTAL FIELD LEAF ROLLER INSECTICIDE TRIALS
APRIL 7, 1944, GRESHAM

Larvae counts

Insecticide used Date counted Alive
Per cent

dead

April14 98 2 100
Per cent

2 0Check-no treatment April19 58 0 58
.

0.0
Dust per cent DDT; 98 5 per cent Pyrax 55 pounds April 14 0 36 36 100.0

April19 0 10 10 100.0
April14 1 35 36 97 2Dust 3 per cent DDT; 97 per cent Pyrax 55 pounds April 19 0 15 15

.

100.0
April14 8 30 38 78 9Spray Gesarol 2 pounds per 100 gallons 272 gallons April19 0 34 34

.

100.0
Dust Cryolite 40 per cent 46 pounds April14 27 23 50 46.0

April 19 10 10 20 50.0
Dust 40 per cent lead arsenate; 60 per cent Pyrax 46 pounds April14 35 15 50 30.0
Spray 4 pounds lead arsenate; Orthex 1 quart per April 19 50 12 62 19.4

gallons 272 gallons April 14 40 10 50 20.0.............. April19 41 12 53 22.6
Dust-free nicotine (10° 73 pounds April14 63 9 70 12.9

April19 53 3 56 5.4
Dust-20 per cent lead arsenate; 80 per cent 64 pounds April 14 45 6 51 11.8

April19 44 5 49 10.2

Number of
empty
injuries
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Table 12 SEMICOMMERCIAL EXPERIMENTAL CONTROL OF LEAF ROLLER
GRESHAM, 1944

Injuries Larvae counts

Insecticide used Date counted
Number
empty

Per
cent
dead

Per
cent

i0 per cent Cryolite dust April 25 0 22 22 0 22 0.0
April 29 10 15 13 4 17 23.5

Dust N-160 (Ortho nicotine dust) April 25 2 23 26 0 26 0.0, April 29 3 22 23 0 23 0.0
Dust 50 per cent rotenone 20 per cent calcium arsenate April 25 1 24 22 1 23 4.35, , April 29 6 20 21 0 21 0.0
Spray applied by hand sprayer-dichloroethyl ether 30 cc April 25 0 17 18 0 18 0.0

, April 29 6 17 16 1 17 5.9
Dust rotenone .75 per cent + 2 per cent dichloroethyl ether April 25 2 23 22 1 23 4.35, April 29 4 17 16 1 17 5.9
Dust 40 per cent lead arsenate April 25 3 22 18 1 19 5.27

April 29 21 34 26 10 36 27.8
heck-no treatment -_- -_---_---- -

-
- --- --- ------- --- - -- -

---- -----
- April 29 9 20 19 1 20 5.0

Spray, lead arsenate 4 pounds per 100 gallons, 5 per cent DDT in oil,
per ------------- ---------_-------------------

Spray, pounds per 100 gallons ------------- -------
------------------------------------
----------------- ------------------

May 1
May 1

41
11

9
39

2
33

3
9

5
42

60 0
21 4

Spray, 4 pounds per 100 gallons, A-20 DDT 2 pounds per
100 --------------------- ------------------------------------------------------Spray, pounds per 100 gallons --------------------------------- .-.-- -_--------__--.-

May 1
May 1

33
16

17
33

12
26

5
1

17
27

29 4
3 7

Notes: The e applied Gresham area from April 20 to at approximately 40 pounds
per acre with a Sprays w with power sprayer. In the last arsenate sprays were appliedApril 20 and in d 10 the of DDT was applied April 25. to exist in the table between
he number of o and total rence is due to other species of ies.
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Table 13. SUMMARY OF EXPERIMENTAL TRIALS FOR CONTROL OF LEAF HOLLER LARVAE

APRIL 14 TO APRIL 30, 1944-GRESHAM
(All control counts here indicated made between May 1 and 14.)

Interval
between

count
and Leafrolls

insec-
ticide Per Per
appli- Occu- cent cent

Insecticide cation Empty pied empty Alive dead

Days Per Per
cent cent

DDT, 3 per cent dust ------ 10 25 0 100 0 3 100
DDT, 3 per cent dust -------- 14 52 1 98.1 1 12 92
DDT, .375 per cent dust 13 50 1 98.0 1 9 90
DDT, .375 per cent dust .. 8 47 2 95.9 2 3 60
DDT, .188 per cent dust 13 43 6 87.8 6 5 45
DDT, .188 per cent dust 8 47 0 100.0 0 7 100
DDT, .098 per cent dust .. 13 49 3 94.2 3 6 66
DDT, .098 per cent dust 8 42 2 95.5 2 2 50
DDT A-20, 2 pounds per

100 gallons ------ ---- ------- -- 13 55 0 100 0 7 100
DDT A-20, 2 pounds per

100 gallons -------------------- 12 50 0 100 0 11 100
DDT A-20, 2 pounds per

100 gallons ------------------- 14 50 0 100 0 12 100
DDT A-20, 1 pound per

100 gallons -_ ---- -- 13 57 2 96.6 2 10 83
DDT A-20, 1 pound per

100 gallons --_ -_ ---- ------ 12 50 0 100 0 8 100
DDT A-20, 1 pound per

100 gallons -_ -------- 14 50
DDT A-20, § pound per

100 gallons -------------------- 14 48 1 98.0 1 7 87
DDT A-20, z pound per

100 -------------- 12 49 0 100 0 2 100
DDT A-20, pound per

100 gallons ---...-------------- 14 51 0 100 0 3 100
DDT A-20, $ pound per

100 gallons -------------------- 12 51 0 100 0 3 100
DDT A-20, 4 pound per

100 gallons -------------------- 14 48 0 100 0 2 100
DDT A-20, >} pound per

100 gallons -_ ------ 12
DDT A-20, s pound per

100 gallons ------------ ----- 14 45 1 97.8 1 3 75
DDT, A3 dust, 2 pounds

+ i pound Vatsol 0 S.
12 43 97 7 5 83

13 48 0 100 0 6 100

10 25 0 100 0 3 100

11 50 0 100 0 4 100

13 50 0 100 0 8 100

10 24 1 96 0 1 6 85

11 48 0 100 0 12 100

13 49 0 100 0 12 100

14 49 0 100 0 11 100

11 46 1 97 9 1 12 92

13 46 0 100 0 7 100

12 50 0 100 0 5 100

* Leaf roller only taken into account and those rolls occupied by dead rollers or para
c; rioeA rollers considered as empty
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Table 13 (Continued). SUMMARY OF EXPERIMENTAL TRIALS FOR CONTROL OF LEAF ROLLER

APRIL 14 TO APRIL 30, 1944-GRESHAM
(All control counts here indicated made between May 1 and 14.)

Interval
between

count
and

insec-
ticide
appli-

Insecticide cation

Days

DDT, 5 per cent in oil,
J pint per 100 gallons---- 13 54

RE 56 T.-P.O., I quart
per 100 gallons ------------- 10 25

RE 56 T.-P 0, 1 quart
per 100 gallons 12 49

RE 56 T.-P.O., 1 quart
per 100 gallons -------------- 13 50

RE 56 T.-P.O., 1 pint
per 100 gallons 12 53

RE 56 T.-P O., 1 pint
per 100 gallons 13 48

RE 4 + Lethane "60,"
1 quart per 100 gallons-- 14 49

RE 4 + Lethane "60,"
1 quart per 100 gallons. 12 52

RE 4 + Lethane "60,"
1 quart per 100 gallons-- 13 47

RE 4 + Lethane "60,"
1 pint per 100 gallons---. 12 50

RE 4 + Lethane "60,"
1 pint per 100 gallons---- 13 49

Lethane "60" 1 quart +
Vatsol O.S. a pound
per 100 gallons 14 45

Lethane "60" 1 quart +
Vatsol 0. S. a pound
per 100 gallons ------------ - 12 46

Lethane "60" 1 quart +
Vatsol O.S. I pound
per 100 gallons 13 49

Loro, 1 quart + a pound
Vatsol O.S. per 100
gallons 14 42

Loro, 1 quart + a pound
Vatsol O.S. per 100
gallons ----------------- - - ------ 12 39

Loro, 1 quart + + pound
Vatsol O.S. per 100
gallons .-------------------------

Pyrocide "20," 1 quart +
Vatsol O.S. $ pound

13 48

per 100 gallons 14 36
Pyrocide "20," " 1 quart +

Vatsol O.S. pound
per 100 gallons 12 42

Pyrocide "20," 1 quart +
Vatsol O.S. a pound
per 100 gallons 13 47

Berako, 1 quart per 100
gallons ------------- -------------- 10 10

Berako, 2 quarts per 100
gallons --------------------------- 12 39

Berako, 2 quarts per 100
gallons --- ------ ---------------- 13 41

Rotenone, 8.7 per cent 2
pounds, 181 spreader 2
ounces per 100 gallons---- 12 42

Rotenone, 8.7 per cent 2
pounds, 181 spreader 2

Injuries'

Per
cent

Alive Dead dead

Leafrolls

1 I 98.2 I 1

Per
cent

88

100

100

100

100

100

100

0 1 100 0 8 100

1

5

100

100

98.0 I 1 I 5 83

90.0 5 3 37

2 I 95.8 I 2 I 3 60

100

8 84 0 8

5 I 88.6 I 5

2 I 96 0 I 2

14 I 72.0 I 14

7 I 85.7 I 7

2 I 95.9 I 2

15 I 40.0 I 15

7 I 84.8 I 7

5 I 89.1 5

10 I 80.8 10

ounces per 100 gallons.--- 13 31 19 I 62.0 I 19

46

44

81

22

50

80

0.0

30

44

33

24

* Leaf roller only taken into account and those rolls occupied by dead rollers or para-
sitized rollers considered as empty.
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Table 13 (Continued). SUMMARY OF EXPERIMENTAL TRIALS FOR CONTROL OF LEAF ROLLER
LARVAE

APRIL 14 TO APRIL 30, 1944-GRRSIIAM
(All control counts here indicated made between May 1 and 14.)

Interval
between

count
and
insec-
ticide
appli-

Insecticide cation

Days

njuries`

Occu-
Empty pied empty

eafrolls

ead

er
cent
dead

Per
cent

Rotenone,
pound,
pound

8 7 per cent 1

181 spreader i
per 100 gallons---- 13 40 71.4 16 5 23

Rotenone, .75 dust ------------ 13 24 48.0 26 4 13
Rotenone, .75, Velsicol AR

60 3 per cent dust ---------- 14 36 12.2 5 1 16
Sulphur, "Electro" dust-

ing ---------------------------------- 10 8 32.0 17 0 0
Nicodust 10 (sulphate) ------ 10 10 41 7 14 0 0
Nicodust 1OF (free) -------- 10 6 24 0 19 0 0
Nicodust 5F (free) - _ . _ __ 10 4 16 0 21 1 4
40 per cent Cryolite dust-- 12 17 51.5 16 6 27
40 per cent Cryolite dust-- 8 45 8 2 4 5 55
40 per cent lead arsenate

dust -------------------------- ----- 12 22 59.5 15 1 6

40 per cent lead arsenate
dust --------- ---------------------- 8 40 78 4 11 10 47

20 per cent lead arsenate
dust ---- --------- __--_-------- - 8 33 67 3 16 6 27

Lead arsenate 4 pounds,
Orthex 1 quart per
100 gallons ------- ___------- 12 28 57.2 21 22

Lead arsenate 4 po-mds,
Orthex 1 quart per
100 gallons -------------------- 12 39 79.6 10 41

Lead arsenate 4 pounds,
Orthex 1 quart per
100 gallons -------------------- 13 95 8 2 81

Lead arsenate 4 pounds,
Orthex 1 quart per
100 gallons --------- _- _------ 8 96.0 2 81

Lead arsenate 4 pounds,
Vatsol O.S. 4 ounces
per 100 gallons --_----_ - --- 14 62 0 19 32

Lead arsenate 4 pounds,
Vatsol U.S. 4 ounces
per 100 gallons -____-_-- 12 73.3 12 29

Lead arsenate 4 hounds,
Vatsol O.S. 4 ounces
per 100 gallons ------ __--- 13 87.8 6 64

Lead arsenate 4 pounds,
Mixol 3 ounces per
100 gallons --------------------- 15 78 2 12 16 57

Lead arsenate 4 pounds,
Orthex 2 quarts per
100 gallons --_--------____ 8 92 2 4 66

Lead arsenate 8 pounds,
Orthex 1 quart per
100 gallons 8 84.9 8 24 75

Lead arsenate 12 pounds,
Orthex 1 quart per
100 gallons ----_------------- 8

Date
44 10 1 81.5 15 60

Check-no treatment -------- May 5 33 3 25
Check-no treatment -------- May 12 47 5 62
Check no treatment - May 5 33 2 12
Check no treatment - May 12 40 4 I 90.9 3 42
Check-no treatment -------- May 5 9 44 16.9 0 0

Check-no treatment -------- May 12 28 21 I 57.1 4 16
Check-no treatment May 1 25 0 0 0--------
Check-no treatment ____- May 3 13 1 1.7

* Leaf roller only taken into account and those rolls occupied by dead rollers or para-
sitized rollers considered as empty.
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occupied by leaf roller larvae. This method was probably less ac-
curate than where live and dead larvae were counted, as empty leaf
rolls often were caused by means other than actual control. The
two series of results compare favorably, however, as may be seen
from Table 13.

As in other trials, the DDT-containing insecticides again gave
by far the best results. The results of the various dilutions and
materials used are self-evident in the table.

All dusts listed in Table 13 were applied by hand at the rate of
40 to 50 pounds per acre ; sprays were applied at 200 to 250 gallons
per acre with a small power sprayer developing 300 pounds pressure
at the pump.

Control Recommendations
Cultural control. Proper precautions in cultural methods can

be of great value in reducing the populations of leaf roller in cane
berries.

1. Do not remove old fruiting canes before November 1.
2. Remove the fruiting canes by March 1.
3. Wherever possible, remove all pruned-out material from

the berry field and burn by March 1.
About 75 per cent of the hibernating worms are to be found on

the old canes. If the foregoing suggestions are followed, much can
be gained in the way of reducing worm populations.

Insecticidal control. The success of insecticidal control of
this pest depends on the following factors : timing, application, and
materials used.

TIMING. Timing is very important in the control of the larvae
of the oblique-banded leaf roller. Control measures should be ap-
plied after all the larvae have emerged from hibernation quarters
(May 1) and before any blossoms appear. The ideal time for con-
trol measures, considering all factors, weather permitting, would be
between May 1 and 15. This timing schedule will give maximum
kill of the larvae and will also prevent the needless destruction of
pollinators and other beneficial insects.

Only one application is needed for successful control.
APPLICATION. No matter what material is used to control this

pest, one of the prime considerations in its application is thorough-
ness and the proper amount per acre.

Sprays should be applied at not less than 200 gallons per acre

and dusts not less than 50 pounds per acre.
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Power dusters should be so arranged that at least three nozzles
are directed at one side of each row. The top nozzle should be
placed so that dust will cover the highest part of the plant, the bottom
nozzle should be directed to blow dust clear to the ground, and the
middle nozzle should cover the intervening space. For best results,
the nozzles should be placed at least 18 inches from the row to allow
the dust to spread out properly.

If hand dusters are used the plant should be dusted from top

to bottom.
When using hand guns the entire plant should be thoroughly

wetted. Booms may be variously arranged. Figure 12 shows one
type of boom arranged as a U with which one complete row is cov-
ered at one time. Sprayers with larger pump capacities can be built
with two U booms which will cover two rows at once. Another
satisfactory boom arrangement is to have the boom split to spray one
side of each row through which the equipment is being moved.

Figure 12. One of the boom-type sprayers used in leaf roller control.
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Pumps with a capacity of 3 to 4 gallons per minute should not be
built to cover more than one row. Pumps with a capacity of 8 to 10
gallons per minute will give satisfactory coverage on two rows when
a boom is used.

In using power equipment, it is important that the duster or
sprayer not be shut off before completely passing the end of the row.
This one factor has contributed more to poor control than any other
one.

INSECTICIDES. Insecticides for control of oblique banded leaf
roller are :

1. DDT Sprays
a. 1 pound 50 per cent wettable DDT per 100 gallons

of water at the rate of 200 gallons per acre.
b. 5 per cent DDT in oil at the rate of 2 quarts per

100 gallons of water at the rate of 200 gallons per
acre.

2. DDT Dusts
3 or 5 per cent dust at the rate of 50 pounds per acre.


