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Sumagy_

-The common red spider Tetranychus telarius'Linn,.and the hop aphis

Phorodon humuli Schrank are the two most important pests of hops in

Oregon. Other potentially important pests include the omnivorous leaf

tier Cnephasia longana Haw., the onion thrips, Thrips tabaci Lind, the

western flower thrips Frankliniella moultoni Hood, the hop butterfly,

Polygonia satyrus Edw, the hop merchant, Polygonia interrogationis Fabre
;)’\.» 14 P E Y& £ E}

the comma butterfly Polygonia comma Harris, the mourning cloak butterfly

Aglais antiopa Linn., the western twelve spotted cucumber beetle, Dia-

orotica soror Lec., the hop f{lea beetle Psylliodes punctulata lels., the

fall webworm, Hyphentria cunea Drury, the hlack ant, Formics fusca Linne.
] o o 3 ]

vars. end undetermined species of wireworms, leafhoppers, cutworms,
loopers, vine horers, mealy bugs and white flies.

The description, life history, economic importance and control
measures of the more important of these pests is discussed in this bi-
ennial report.

Seasonal history studies were conducted in 1938 by making examina-
tions of hop plants at ten day intervals. Over 1500 hop plants were
thus examined and the rercentage infestation and density of all hop pests

were reccrded for each plant. The scarcity of Tetranychus telarius and

Fhorodon humuli in 1938 was attributed to biolozical control agents.

An experimental plan of ield technique, modified from the tvne
used in Chio for codling moth experimentation has proven entirely satis-
factor: for red spider investigations. This plan uses six hills to a
plot, provides for replication of plots and makes it possible to test
fourteen materials per season in cne acre of hops.

seven dust and seven spray materials were tested in the field against
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the red spider. The standard and recommended spray mixture Wﬁé signifi-
cantly better than any other spray application but its pesticidal control
was not satisfactory. Dinitro-o-cyclohexyl phenol at 8% in walnut shell
flour zave 100 percent kill of red spider but caused scme burning to baby
hop plants which had been surface irrigated. Additional tests with this
material at various concentrations vroduced no foliare injurv. A dis=-
cussion of the pesticidal action of this material is given.

The possibilitr of a sprinkler type system of irrigation for red
spider control is discussed and it is advocated that this problem should
be studied before a general movement of this kind among the hop zrowers
takes place.

several preliminary laboratory tests were made and several materials
wers discarded as not worthy of field trials. The importance of contact-
ing aphis with nicotine dusts was indicated and the recessitv of develop-

ment of satisfactory methods of dust application is discussed.



Introduction

Oregon is the leading hop producing center of the world and 21,500
acres are devoted to this enterprise. An averare of 17,500 pounds of
hops (dry weight) are produced each year and the average value received
from the sales of this commodity exceeds %3,0190,000.00 annuallye.

Hop pest surveys show that an averaze of $300,000.,00 is expended
each year for hop pest control. Non-control of these pests often costs
the grower an additional $750,000.00.

In 1937, at the urgent request of Uregon Hop growers, the State
Legislature under Legislature Act. He Be 165, Ttem 2, appropriated funds
for the study of problems affecting the hop industry. $3,000.00 of this
sum was assigpned to the Department of Entomology for part time investi-
gations into the life history, habits and control of these pestse.

This report discusses the experimental progress of hop vest inves-
tigations dvring the biennium 1937-1938 and =zives the descriptions, iife
histories, economic importance and control of the important and potential-

lv importent hop pestse.



‘Tetraqychus telarius Linnaeus

Description of Tetranychus telarius Linnaeus. (Acarus telaruiu L.)

The original description of Tetranychus telarius is given by

Linnaeus in Faunae suecicae, 1761, p. L48l. This article was not ob-
served by the writer, but a later edition of Faunae suecicae contains
the following description: (Caroli Linnaei Entomologia, faunae sue-
cicae descfiptionibus aucta.... London, Piestre et Delamolliere, 1789.

vole L4, pe 50.) (See 0.A.C. Library, QL L63, L 5.)

From v.l, p.bl:
GENUS VI.
"ACARUS. Pedes VIII.
Oculi IT ad latera capitis.

Tentacula duo, articulata, vediformia.”

From v.li, pe50:
"Telarius, 10, A (la tisserand) rubicundo hyalinus;
ébdomine utrinque mscula fusca.
Scop. carn. 1075.

Geoff. paris. 2. p.629. acarus fuscus autumnalis textor.

Fab. 20.

De Geer toms 7. pe128. nel8. t.7, £.20.-2L.

EEEE'.E' 1077. elliptoideus, pedibus secundis tertiisque
distantibus.

Bevtre. Zur. nate. p. 35

Hab. in Europae plantis, minus ventis expositis, caldario

inclusis, tela ducens filis parallelis, quibus plantas

suffoeat hybernaculorum; in tiliae foliis aversis

autumno frequens.

Desc. Nudis oculis vix conspicuuse. Totus hyalini coloris,




utroque latere ferrugineo.

Obs. Nent‘ut araneae, fbliorum superficiem seta velant,
inde foliorum dessicatio. Vento raptae fetae errant,
inquit D. Geoff. sed in his fetis vagabundis araneae
saepe reperiuntur harum fetarum textores. D. de Geer. V.M

A literal translation of this description is given by J. Schuh and
the writer as follows:
ACARUS, (mites Gk.) Risht lezs. Two eyes on each side of
head. Tactile processes two, jointed, footshaped.
Telarius. (Gk. The spinner) (la tisserand-Fr. The spinner)

reddish, glass green; dark spots on both sides of abdomen.

Scop. caran. 1075

Geoff. paris. 2. p. 629, Acarus dark colored fall weaver.

De fteer. tom. 7. ». 120. n. 18. t. 7, f. 20-2l.,

Enunm. n. 1077. oblonm=oval, second lers distant from third.

Revtr, Zur. nat. n. 35.

Pab. In Zurope, less exposed from the wi-d, closed caldarioes,
webs running with parallel strands, which plants supply
overwinterinz quarters, in the auturm, frequently on the
underside of leaves of basswood.

Description. Zare eyes scarcely conspicuous, entirelw £rass

N

green ir color, dusky on the flarnk of both sides.

3

e

i

Cbs. The spiders spin in this way, thev cover the surface of
the lecves with hairs, whence the leaves become desiccated.
The wanrdering vounz are carried away by the wind to quote

D. Geoff "But in the wanderinrs of the vrogeny of the spiders

the weavers will often meet these offsorins srain."D.de Geer.V.



An excellent description of Tetramychus telarius and its stages
is given by H. E. Ewing as follows: (Ore. Agr. Exp. Sta. Bull. 121,
191L).

"Description of Egg. The egg constitutes almost a perfect

sphere. It is very small and when laid has a pretty, pearly appearance.
The eggs are deposited singly, though generally close together. They
may be attached directly to the leaf, or may be attached to the lcose
strands of the web. When the eggs are first laid they have little color.
As they develop, they take on a reddish hue, while slightly before
hatching, the carmine eye pigment becomes marked. The egg is covered
with a tough shell, which holds much of its shape, even after the larva
has emerged. Size of egg, diameter, 0.09 mm." A

"Description of larva. When the larva first emerges from the

egg, it 1s a small, almost spherical, flesh colored creature, with both
sexes. The body is seen to be divided at its middle by a transverse
suture, that part in front of the suture being the cephalothorax, while
the part behind the suture is the abdomen. The segments of the legs in
the case of the larva are much shorter than in the adult, the patellae
and the tibiae being as broad as long in the first two pairs, while they
are much longer than broad in the same pairs of legs of the adult. There
is also a tendency of the segments of the legs to be swollen. The
bristles of the body are shorter and stiffer in the larva than in the
adult. Length of larva, obtained as an average from the measurements of
several specimens, 0419 mm.

"Description of protonymph. The protonymph is very similar to

the larve except in size, and in the possession of an extra pair of legs,



these being added during the first moult and appearing behird the 1astv
~ pair of leés of the larva. The body of the first nymph retains ﬁnoh
of the spherical shape of the larva until the stage is well advanced.
The segments of the legs become longer, and the setae of the body also
enlarge and are more curved. In the first nymph the abdomen assumes a
size which is distinetly larger than that of the cephalothorax. Length
of protonymph, 0.27 mm.

"Description of deutonymph. In shape the last nymph is very

similar to the adult. About the only difference between this instar

and the adult instar is in the absence of sexual characters from the
former, and also the total absence of the reddish color, which frequently
becomes pronounced in the adult. It is noted that the legs are shorter
in proportion to the body than in the adult. The last pair just reach-
ing the tip of the abdomen. As the deutonymph does much feeding, its
color markings are rather variable and pronounced, but are not fundament-
ally different from those of earlier stages. I find the length of the
deutonymph to be 0.36 mm.,

"Description of the female. Color varying; sometimes green,

sometimes yellowish, sometimes a mixture of greenish and vellowish, and
sorsetimes bright orange. In most individuals there is one or more pairs
of dark spots which show through the skine These are situated on either
side of the abdomen and toward the anterior end. Rarely the adults will
be without black markings. Sometimes there will be a long central black
spot in the posterior part of the abdomen.

"Cephalothorax about twice as broad as long. Palpi extending
to the tips of the femora of the first pair of legs; palpal claw prominent,

curved, about as long as palpal thumbe Palpal thumb slightly swollen at



its base, and bearing évprominent'digit at its tip and two digituli

just above thé digit. Mendibular plate two-fhirds as broad as long, and
tefminiting~in a pair of lances or spinae, wﬁich are about as 1ong as

the plate itself. Stylets, or chelicerea, long, curved, needle-like.

On each side of the cephalothorax above or slightly behind the second
paif of legs are situated the double eyes. The two cormsas are sub=-
equal in size and shape, and behind them is the eye spot composed of a
carmine pigment. The cephalothorax bears dorsally five pairs of bristles;
a subrostral pair, & superior pair above and in front of the eyes, and
three posterior peirs.

"Abdomen two-thirds as broad as long. Provided above with
sixteen curved, simple spines; one shoulder pair, then three transverse
rows of four bristles each, and finally a small pair at the tipe
Genital area pronounced, somewhat triangular; genital plate curved and
bearing a long pair of bristles; anus slit-like, and situated in the
projecting papilla.

"Legs slender. Anterior pair of legs the longest; second pair
of legs reaching to the tips of the tibiae of the first pair; third
pair of legs reaching to the tip of the abdomen; fourth pair of legs
reaching beyond the tip of the abdomen by the full length of their tarsi.
Tarsal claws of legs strongly bent near their bases, and six cleft.
Besides the tarsal claws each tarsus bears four tenent hairs of slightly
different lengths situated above claws. By measuring fourteen individuals
I get 0.42 mm. for the average length of the females.

"Description of the male. The body of the male is much smaller

than that of the female, and somewhat different in shape. The abdomen

is slender and somewhat pointed. Relatively, the legs are longer in the



male than in the female. The only color difference iﬁ the sexes lies
in the color of the legs. The two anterior peirs of legs in the male
are ﬁormally somewhat reddish, while in the female they are note

| "The male_has & prominent, short, stout spur on the tip of
the third segment of the palpus, the use of which is unknown. The
- genital armature of the male consists of the genital slit and the
protrusile penis. The penis is short, stout, and has a hook at its end
which turns upward and ends in a flattened barb. An average obtained
by measuring eleven individuals gives 0.32 mm. for the length of the

male,

Synonomy. Acarus telarius L.; A. russulus; A. lintearius; A. socium;

A. tini; A. cucumeris; A. rosarum; A. tilarium; A, cinnabarinus;

Ae haematodes; é; vitis; Trombidium telarius;‘z. tilarium; T. maius;

12. tenuiEes; 2, socium; Tetranychus telarius; I, russulus; T. tini;

Te cucumeris; Te rosarum; T. tilarium; T. ferrugineus; T. urticea;

T. fervidus; Te populi; T. piger; T. minor; T. longistaris; T.

plumistoma; T. rubescens; T. pilosus; T. 6-maculatus; T. bimaculatus;

Te gloveri; T. socius; Te maius; T. tenuipes; T. lintearius;

Phytocoptes epidermi; P. gallarum; P. nervorum.

A large part of the above synonomy occurs prior to 1890 by
European writers. Ewing expressed the opinion that the American species

Tetranychus bimaculatus Harvey; T. sexmaculatus Riley and T. gloveri Panks

were ildentical with T. telarius Linn. and that T. 6-maculatus was only

a variety of T. telarius. Most of the confustion in nomenclature of this
species is attributed to the wide variation in coloration of the red
spider and this variation was shown by Twing to be due to differences in

piementation of food plants,.
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History of Tetranychus telarius.

The common red spider (hop red spider) has a long history. It
was first described by Linnaeus in 1761 and meny references are made
of it in eighteenth century literature. Whitehead reported that it
caused considerable damage to hop plantings in Germany and Europe in
1869.

It is not known or how it reached America but it was considered
a major economic pest of greenhouses and flower gardens in the New
England and Middle Atléntic States in 1855. It spread rapidly to the
South and West from this point and by 138% it was a pest of almond in
California. The development of the Hop industry along the Pacific
Coast at this tire caused the red spider to assume economic importance

to this agricultural pursuit.

Life History of Tertanychus telarius.

The adult female red spider overwinters on winter hosts such as
grasses, weeds or cultivated plants which carry on some development
during the winter months. It is not known definitely whether males
have a tendency to die in the fall but nearly all individuals taken in
the early spring are females,

‘The activity of the adult red spider is resumed in the spring and
eggs are deposited during April or May, depending on the season.
Parthenogenesis is known to occur with this species and the offspring
of virgin females are always males.

kggs are deposited on the under side of leaves and these hateh on
an average of six days. The number of eggs deposited by a female averages
about eighty and are deposited over a period of about ten days at the rate

of eight or more per day.
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Theylength’of the larval period varies largely with temperature.
and in early spring may require 15-17 days. This same stage during the
summer requires from 2 to 3 days. The larval period is divided into
an active period and a quiescent period. The latter period is relatively
short and takes place prior to the first moult. The red spider in this
stage has only three pair of legs.

The appearance of the protonymph is similar to that of the larvae
but the individuals have developed an additional pair of legs in this
stage. This stage is also divided into an active and quiescient period.
The average protonymphal period varies from two to four days, depending
on temperature.

The deutonymphal stage lasts on an average of three to six days.

It has both active and quiescient periods and represents a gradual
metamorphosis from the protonymph to the adult. This stage of individual
1s much more active than the other two stages azd will move with great

- rapidity and some times migrate to great distances. This stage of the

red spider is capable of spinning webs.

The adult stage of the female is divided into two periods. The
first period lasts three to four days and occurs immediately following
the deutonymphal mcult. Females during this period are not capable of
laying eggs. A prolonged egg deposition period follows this preoviposition
period and during this time the female deposits eggs over an extended
period of time. The average longivity of the adult is about three weeks.
There is but one period in the life of the adult male. Sex ratios
depend largely upon the season of the year. During midsummer they tend
to be 1 to l. Early in the season there is a tendency to be a preponder-

ence of males. This is attributed to the habit of the virgin female to
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produce males. véry little is knowﬁ concerning the longevity of the

male spider. There are seventeen broods of red spiders in South Carolina
and approximately‘nine in the viecinity of Corwvallis, Oregon. The red
spiders are very prolific and the progeny of a female in the vicinity of
Corvallis, oregon, would exceed one trillion.

The coloration of red spiders varies with the nlants on which they
feed. Lwing has shown that the green color is due to the presence of
chlorophyll in the blood or tissues of the red spider. The yellow was
attributed to either etiolin or xanthophyll of the plant. The orange
color was due to a pigment which was dissolved in the cell fluids of the
blood. Carmine was found to be a permenent pigment located behind the
corneas of the eyes. Black color did not represent a separate pigment
but was due to a concentration of yellow pigment. Brown color was also
attributed to a concentration of yellow pigment. These>vari&tions in
color were shown tc be due to the type and amount of food taken from the

host plant.

Economic importance of Tetranychus telarius

The common red spider has almost a world wide distribution and has
caused economic damage in England, Germany, France, Italy, South America,
Mexico, West Indies, Hawaii, Canada and in all of the United States. It
1s omnivorous and will attack field crops, truck and greenhouse crops,
garden and flower gardens, fruit trees, shade trees and ornamentals,
weeds and grasses.

The injury of this pest is caused by the puncturing of the leaf sur-
face from the underside and the withdrmawel of the liguid contents of the
leaf cells., Zach puncture usually results in a small white speck or spot

on the leaf surface. The specks become more numercus as the attacks con-



tinué and eventually the leaf becomes bronzed and will shrivél anci die.
The red sPidef is known to attack the hop clusters in some seasons. The
type of injury is the same wien this occurs and the clusters turn red-
dish brown. Cluéters injured in this way are not marketable. The
devitalizdtion of the plant is believed to reduce the weight and quality

of hops and to affect the vitality of the plant the following season.
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Seasonal history of Tefranychus felarius during the biennium 1937-1938

There was no available hop yard for conducting seasonal observations
during 1937, and attention was directed toward pest survey work. Red
spiders were first found on hops at Corvallis, Oregon, on June 6, 1937,
and cool weather seemingly held them in check until late in July. In-
festations were very spotted throughout the Willamette Valley but several
yards in the vicinity of Corvallis and Independence, Oregon were severely
damaged. There was little red spider injury in the vicinity of Grants
Pass, Oregon, but one small yard was completely destroyed at Roseburg,
Oregon.

The seasonal history of the common red spider was studied by making
periodical observations of the hop foliage in the entomology experimental
hop yard, tast farm, Corvallis, Oregon. The first appearance of the pest
was noted on June 29. Two different methods of counting were employed.
Ten leaves from each plant in the yard were selected at random and the
number of leaves infested and the number of red spiders per leaf were
counted or estimated as accurately as possible. This procedure was
repeated every ten days. The percentage of leaves infested was used as
a measure of red spider distribution and the population per leaf was
used as a measure of population density. Over L500 hop vines were
examined during the season in the collection of this data.

Temperature and relative humidity measurements were taken at the
east farm and at the Horst Hop Ranch, Independence, Oregon. Temperatures
at the two locations were very similar but the relative humidity at

Independence averaged about thirty percent higher than at Corvallise.
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Red spiders . are reported to favor hot dry weather conditions. Thé
summer months of 1938 met these hot and dry conditions at Corvallis,
but red spiders failed to develop to any great extent. The weather
conditions at Independence were not as favorable for red spider as those
et Corvallis, but populations at Independence wereIGOnsiderably higher
than at Corvallis.

The seasonal development of red spiders on untreated hop pnlants is
pictured graphically in the following pages. Density figures (Population
per leaf) are magnified 1000 times in order to signify the general slope
of the curve. Hops were harvested on September 10, and by that time red
spider had almost entirely disappeared.

The seasonal history of red spider is especially interesting on one
baby hop‘plant which was located in the southwest corner of the experi-
mental yard. Very early in the season 100 percent of the leaves were
infested and by July 19 populations had reached their maximum densitys
Red spiders began to decline in numbers soon after this date and by
August 2 had been reduced about 66 percent. The percentage of infested
leaves had also been slightly reduced at this date. This plant was
treated with an oil spray on August?2 emd the ultimate effect of this
introduced factor is a matter of conjecture.

Parasites and predators were very abundant in the hop yards through-
out the Willamette Valley and were probably responsible for holding red

spiders in check.,
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Mean Temperature Records

Horst Hop Ranch Independence, Oregon

19%8

The following figures are averages of twélve
over a twenty four hour period from a Julien P. F
Thermograph, Noe 947, Type 59l

readings taken
riez and Son Hygro-

Date May June July August
1 59 58 62
e 59 59 6L
3 66 59 70
L ) - &
5 72 72 66
6 70 66 é6
7 61 72 65
8 56 66 63
9 53 65 6L,

10 59 6l 6l
11 59 67 6l
12 60 72 67
13 59 81 66
1, 61 8% 65
15 61 78 68
16 58 76 63
17 52 5L [ 62
18 53 58 h 63
19 62 65 77 65
20 65 73 85 63
21 66 73 83 73
22 69 67 8 Th
23 69 65 70 70
2l 70 6l 68 ély
25 71 N 68 63
26 63 an 65 62
27 56 62 69 62
28 57 67 68 66
29 57 65 6L 66
30 56 60 66 67
31 60 65 63
Vean 62 63 68 63
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Meaaneﬁperéﬁuré Records
Fast Farm v Corvallis, Oregon
1938
The following figures are averages of twelve readings taken

over a twenty four hour period from a Julien P. Friez and Son Hygro-
Thermograph, No. 968, Type 59l.

Late May June July Avpust September
1 50 63 57 63 6l
2 Lo 62 57 63 63
5 L8 71 56 71 63
L L9 7L 59 68 62
5 50 yin 61 66 60
6 52 72 68 67 63
7 56 62 68 63 Ls
8 55 56 an 62 L8
9 53 5L 61 63 51

10 57 59 62 63 51
11 59 60 6l 62 60
12 61 61 70 61 66
13 - 58 78 61 63
1 71 61 78 66 62
15 65 60 73 71 60
16 55 55 69 68 61
17 54 51 72 63 63
18 56 57 Th 6L 59
19 63 66 77 66 62
20 66 73 80 67 58
21 70 L72 79 62 58
22 70 65 15 61 59
23 71 63 68 61 59
2l 73 62 66 63 €0
25 7h 67 65 61 56
26 6ly 6l 65 57 63
27 58 61 68 62 60
28 61 6ly 68 63 59
29 62 6% 6% 63 58
30 60 53 66 67 58
31 6l 65 6L

Yean 60 63 68 ol 59




Mean Relative Humidity Records

Horst hop ranch ' Independence, Oregon
1938

The following figures are averages of twelve readings taken
over & twenty four hour period from a Julien P. Friez and Son Hygro-
Thermograph, No. 947, Type 59lL.

Date Moy June July August
1 76 96 8%
2 78 8l 9
5 71 97 72
I 62 - 78
5 6l 3 Ik
6 65 69 81
7 82 67 82
8 79 Th 81
9 78 5 82

10 77 90 82
11 88 81 81
12 8% 6l 80
15 88 58 Ik
1L 92 6l 77
15 85 70 78
16 88 6l 86
17 78 92 6l 90
18 78 I 69 86
19 66 86 69 8l
20 60 73 65 81
21 6l 7 69 80
22 6l 78 SN 83
23 Th 7 5 83
ah 9 8% 85 98
25 63 80 85 e
26 8ly 8ly 8ly 80
27 97 7 7 97
28 87 76 83 83
29 85 83 80 80
30 90 85 1b] 95
31 G 81 80




Mean Relative Humidity Records

Bast Farm Corvallis, Oregon
1938

The following figures are averages of twelve readings taken
over a twenty four hour period from a Julien P. Friez and Som Hygro-
Thermograph, No. $68, Type 59L.

Date May June July August September
1 58 18 58 51 56
= 57 15 50 5L 62
3 66 59 52 L9 59
Ly 62 35 L6 L5 60
5 65 55 13 50 72
6 5% 58 39 51 67
7 52 Ll 35 1o (p]
8 56 L2 57 Lo 78
9 52 ] Ll 51 72

10 55 L2 - 58 52 Th
11 S Lo 53 52 59
12 6l L6 L2 53 55
13 In L7 3l 55 56
1 55 51 L 63 5L
15 55 Ly L6 56 60
16 50 Lo Lo Ly €2
17 Lo 5L L5 L7 62
18 50 56 L2 62 68
19 L5 L6 L2 57 5%
20 L3 37 Lo 51 52
21 59 57 L6 51 59
22 L2 L3 L6 52 59
23 L6 13 19 L8 63
2l L7 L5 56 5% 59
25 b2 13 58 56 65
26 52 L5 58 61 53
27 60 L5 53 6l 58
28 5 L 50 5k 72
29 L8 Ll 55 5% 69
30 50 Ll 5L 63
21 Ll L8 5%
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Control of Tetranychus telarius

Cultural metﬁods. McGregor, Parker and Ewing stressed the importance

of clean cultivation as & preventive measure ageinst red spiders. IHwing
based his conclusions from one observation at Corvallis, Cregon in 1913,
In this instance clean culture was studied against careless culture and
the results favored clean culture. The writer visited many hop yards
during the biennium 1957-1G38. Many of the larger yards in 1937 were very
cleanly cultivated but showed severe red spider injury. A hop yard near
Independence, Cregon was visited in 1938. One portion of the yard was
located on the north side of a public road while the other was located
on the scuth side. Both portions were very cleanly cultivated. The
south part of the yard was very severely infested with red spider while
the north portion was only moderately infested.

Pruning and Stripping of leaves, burning of plants after harvesting

crop, and banding with tanglefoct are also thought to have some preventive

value. There is little evidence that these practices will or will not
aid in the control of red spider. The methods of dispersal of red
spiders are many. It is known that they migrate for short distances from
plant to plant and way travel over the soil, be carried by wind, water,
insects, birds, and other agencies.

Irripation. Florists and nurserymen have long recognized the value
of free sprinkling of infested plants with water. The actual effect of
water on red spiders is still a matter of conjecture. It has heen
demonstrated that submergence of mites under water for twenty-four hours,
and the maintenance of high humidities has little efiect on red spiders.

Perkins demonstrated in 1897 that the application of a strong stream

of water to infested plants had the mechanical effect of dislodging red
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spiders and fhat few had a tendency of returning to their former habitat.
Ewing in 191} believed that water treatments favored the development of
the predaceous mite Seius pomi Parrott, and in this way promoted the
value of biological control of red spiders.

The writer visited a number of hop vards in the vicinity of Grants
Pass, Oregon, in 1937+ Many of the yards in this area use the flood
type method of irrigation. General cobservations indicated thet flooding
of the vards did not have a tehdency to reduce red spider populations.
The infested plants in the flooded areas were more vigorous and apparently
enabled to withstand red spider attack better than non-flooded areas.

Several visits were made to the hop yard of Oberson and Gosler in
1938, This yard is located south of Beuna Vista, Oregon and was installed
with a sprinkling tipe system of irrigation. Ked spiders were difficult
to find in thris yard during this year and it is possible that this method
of irrigation mey heve some control value. The vines in this yard were
very vigorous throughout the vear and produced a satisfactory crop.

The value of this kind of culturel practice must yet be demonstrated,
because 19%L was generally free from s¢vere red spider damage. It is
also possible that a practice of this sort would contribute toward the

dissemination of downy mildew Pseudoperonospora humuli (Miy. and Tak.)

Wilson. It is important that the Experiment Station study this problem
before many growers invest in an irrigation system of this kind.

Biological control. There are many rarasites and predetors of

Tetranvchus telarius, and in some seasors thev have been r65pohsib1e for

holding this pest in check. This was demonstrated during the season of

19%38 in many of the hop yards throughout the Willamette Valley. few



of the_pafasites and predators which are common enemies of
are listed as follows:
Gamasidee (Acarina, Arachnida)

- Seius quadriphilis Banks

Mecrocheles Sp.

Laelaps macrophilis Banks

*Seius pomi Parrott
Rhyncholophidae

Rhyncholophus pilosus Banks

*Bhyncholophus gracilipes Banks

Erythracaridae

*Anystis agilis Banks

Anystidae

*Anystis agilis Banks

Thripidae (Thysanoptera)

*Scolothrips sexmaculatus Perg.

Euthrips fuscus Hinds

Euthrips occidentalis Perg.

Anthocoridae (Hemiptera)

*Triphelps insidiosus Say

Lygaeidae

Geocoris punctipes Say

Capsidae

Rhinacola forticornis Reuter

Coniopterygidae (Neuroptera)

Conventzia hageni Banks

25
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Chrysopidae -

Chrysopa rufilabris Banks

Chrysopa quadripunctata Burm.

Chrysopa nigricornis Burm.

*Chrysopa californica Cog.
*Hemerobiidae

Hemerobius pacificus Banks

Itonididae (Diptera)

*Arthrocondax occidentalis Felt.

Arthrocondax carolina Felt.

Mycodiplosis macgregori Felt.

Syrphidae

Baccha clavata Fab.

Allograpta obliqua Say.

*Sphaerophoria cylindrica Say.

Toxomerus duplicatus VWied.

Coccinellidae (Coleoptera)

*Stethorus punctum'LeConte

Stethorus picipes Casey

Stethorus utilis Horn.

Stethorus nanus LeConte

Scymnus collaris Melsh.

Scymnus marginicollis Mann.

Microweisea misella LeConte.

Smilia misella LeConte.

Megilla maculata DeGeer

0lla abdominalis Say.

26
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*Hippodamia convergens Guerin

xHippodamis oregonensis Cor.

*Hippodamia parenthesis Say.

*Hippodamia tibialis Say.

*Cyecloneda sanguinea Linn.

Coccinells novemnotata Herbst.

Coceinella 9-notata Hbst.

Noctuidae (Lepidoptera)

Alabama argillacea Hubn.

* Known to occur in Oregon.

Chemical control. Chemical control is and probably shall remain

the most important method of red spider control. This pest is known to
be quite resistant to hydrocyanic acid gas, nicotine and other well
known fumigants. This is attributed to the fact that their respiratory
system is quite different from that of insects.

Many different sprays have been recommended for control of red
spider. TFlour paste, glue, salt solutions, lime, soap, nicotine-soap,
nicotine-oil, miscible.oil, sulfur, lime sulfur, and other pesticides
have met with varying degrees of Suecess. The claims of one investigator
are seldom substantiated by another. Lime sulfur in general has become
the most common remedy and the recommended control for red spider on hops
in Oregon is as follows:

Cormercial concentrate lime sulfur - - 2 gal,
Calcium caseinate (orchard spreader) - %~1b.

Sublimed or dusting sulfur -~ = - - - = 5 1lbs.
Hater to make- = = = = = =« = =« = = - = 100 gals.
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Temperature'plays an important role when lime-sulfur is used in reé
spider control. Summer temperétures in Oregon average from 60-65 degrees F.
This temperature factor probably explains why the standard recommended
lime sulfur formula is sometimes more suecessful in California than in
Oregon. Preliminary checks over the great mass of literature on the sub-
ject of chemical control of red spider indicates that the host plant plays
an important role in their control. A material may give satisfactory red
spider control on a given host plant and under similar climatic conditions,

give very unsatisfactory contrcl on a different host plant.

The present problem of Tetranychus telarius on hops.

Spraying hop vines is a tedious, time consuming and costly procedure,
which has been very unsatisfactory in certain seasons. Many growers have
abandoned the practice of spraying in favor of dusting. This latter
method is less costly and less time consuming but its pesticidal efficiency
is yet to be demonstrated. Many and various kinds of hop dusters are on
the market. ILittle attention has been given to tie standardization of
this equipment and it is difficult to find similarly constructed machines.

The writer visited many dusted hop yards during the biennium 1937~
1538 and observed that the coverage on the under side of hop leaves was
very poor in all instances. All spray recommendations for red spider
control stress the importance of contacting the pest in order to obtain
satisfactory control. The failure of the dusting practice in red spider
control can probably be attributed in part to unsatisfactory methods of
application. Various combinations of nicotine, sulfur,and lime dusts
were used by different growers in 1957 and growers were divided in their
opinion of the pesticidal efficiency. In all instances no untreated vines

were allowed to stand for comparative purposes and no conclusions could be

drawne
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The problem of red spider control on hops resolves itself about
the development of a satisfactory dusf and the @gvgicpméﬁty of an ef-
ficient meané of application.

Experimental procedure.

A. Laboratong A number of hop cuttings (Variety Fuggles) were
planted in the greenhouse in the fall of 1937. The baby hops arising
from these cuttings were infested with red spider in 1938. A number
of materials were given preliminary laboratory tests in an effort to
obtain information in advance of field studies. The materials tested

and the results obtained are given below:

P .
Treatment ercentage kill

Replications
1 2 3 L Mean Remarks
Bentonite sulfur
( 87% sulfur) Lo 37 22 3o 32
Dusting sulfur
( 98% sulfur) 50 39 80 LL 53
Sulfur-Lime
( 60-40) 55 32 29 11 39
*ffecoline
(1-L00) W6 29 57 & L8 Very severe
burning.
*+DNOCHP  .1% 100 100 100 100 100
DNOCHP .2% 100 100 100 100 100
DNOCHP L% 100 100 100 100 100
DNOCHP  .6% 100 100 100 100 100
DNOCHP  .8% 100 100 100 100 100
Check
(untreated) . 25 3% 35 37 53

* A new product composed of Alcohol (Solvent #1) 1 gt., triethenalomine
1 oz., Oleic acid (technical) 2 oz., fiecoline (A-B) Cocoanut oil
1 gt. and water 2 gt.

**% Dinitro-o-cyclohexyl phenol used with walnut shell flour as a carrier.
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B; Eiglg. There are many hinderances to successful fiéld experimenta-
tion and variations in climate, soil, plants aﬁd pests will often mani-
fest themselves in the final results. The subject of hop field experi-
mental technique has been entirely omitted from literature and the Departmeﬁm
of Entomology was confronted with the problem of developing a suitable
experimental method.

The Department of Entomology had approximately one acre of hops
(Variety, Late Cluster) for field toxicological studies. ZThese plants
were planted during the seasons of 1937 and 1938 so that the planting was
interspersed with two year old and baby plants in 1938. This yard was
divided into two blocks. The northern block (mostly baby plants) was
used for application of dusts. This block was divided equally into six
plots each of which were subdivided into eight plats. Each plat was
composed of six plants ( or plant spaces ) and was considered as repre-
sentative of its plote. Dust treatments were assigned to the plats by
strict randomization and in thiis way a treatment appeared once in each
plot. Treatments were accordingly replicated as many times as there were
plots which in this instance was six times.

The southern block was used for spray treatments and was divided in
a similar manner. Treatments in this block were replicated seven times.
Diagrams of the experimental layouts are shown on the following pages.

Three different tests were given this method in order to study its
feasibility. The population of red spiders per leaf and the percentage
of leaves infested with red spider was measured and averaged for each
plat prior to spray applications. The number of pounds of hops was
measured for each plat at harvest time.

It was assumed that differences in the arithmetic mean of any of these

data would indicate that the system of experimentation was not satisfactory
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because no factors were introduced to produce such‘ differences. The

data were subjected to the biometric principles of analysis of wariance
and no differences were found to exist between the means. Iﬁ»was there-
fore concluded that the experimental method was satisfactory and that
replication of treatments seven times was sufficient. These measure-
ments could not be applied té the dust block beecause this consisted mostly
of baby vines which did not bear a erop and were not infested with red

spider. Data of these studies are submitted on the following pages.



DIAGRAL. OF EXFERINENTAL DUST BLOCKS

Corvallis, Cregon 1938

Plot 1 Plot 2 Plot 3 Plot L Plot 5 Plot 6 |Plant
557 7[5 5] 7 7] 5|66 225522k bt 1o 8| 1]
5 5 713 3|7 7|55|6 6] 2 2|5 5|2 2L L{1 1|8 8 11
5 5(7 7|3 3|7 7|55[66l 22|5s5|22{LL{11]|s s 10
6 8 862 2 6122|111 L L7 7133|5657 7]|4LL 9
6 6|8 B2 2| 6 6|22 1 L L7 713 3 517 71hL L 8
6 618 8|2 2| 6 6 2 1 Lif7 713 315517 7L L 7
1 1]3 3 L5 5 el L Ll 1 1|3 317 7|8 8|6 63 3 6
1 113 53 L1 5 5|8 Lol 1 1(3 317 & 8|6 63 3 5
1 13 3L Lf5 5|88l 1 3 317 8 816 6[3 3 L
L hl2 2|8 8|1 17713 3|6 6|8 8|l11|6 6|2 2|55 3
L L2 2|8 8{1 1773 3|6 6|8 8]l11]6 6|2 2|55 2

L 218 8]l 11773 3| 6 6{8 8|1 16 6|2 2|55 1
36 37 38 39(Lo L1 L2 L3|Lh L5 L6 L7 |8 L9 50 51152 53 5L 55(56 57 58 59

Row| Numbers

¢€



- DIAGRAY OF BXPERITVENTAL SPRAY BLOCK

Corvallis, Oregon 1938
Plot 1 Plot 2 | Plot 3 Plot L Plot 5 Plot 6 Plot 7 |Plant

Nos. J
557 713 3188551112213 37 7|LLl1 1(6 6|2 2|L L| 12
5 517 713 3188|5511 12 2337 7L L[11]6 6|2 2|4 L| 11
55|17 7133188551 122337 7|LLl11]66|2 2|k L4 10
6 6|12 2|6 6|7 7L L|3 3|1 1]|88|8¢8e}3 3|5 -58¢8|7 7111 o9
6 6|2 2|6 6|7 7|4 LI33|1 1|8 8|8 8|3 3|5 5|88|7 7|11 8
6 6|12 216 6|7 7|L L3 3|1 1|828|88|3 3|5 5|838|7 71 1| 7
L Lhjs 8fl2 2116 6|7 7|55|LL|22(66|7 713 3|5 5|3 3] ¢
L hfe 8l22|1 116 6|7 7|55 |k Lf2az2|66|l7 73 3|5 5[3 3| 5
L hys sj221116 6|7 7|55k Lfi22|é66]l7 1733|5533 4
3 31 1|55 |LLl22}|88|l6 6|7 755|114 L4]l2 2|8 8|6 6| 3
331115 5|4 Lj22|88}6 6|7 7[55]|11|L4L|l22]828|66| 2
3 311 1{5 514 L2 2|8 8e|6 ¢|7 715 5]1 1|4 LJ22|838]6 6| 1
71 7273 TL{75 76 7T 78|79 80 81 82|83 8L 85 8687 88 89 90|91 92 93 9L|95 96 97 98

Row INumbers

€€
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Populations of Tetranychus telarius in Spfakaldckf -

East Farm Corvallis, Oregdﬁ

uly 29, 1938

Population of Red Spider per leaf Prior to Spréy Applications

T;-Iza:t. ) , 3Replications 5 ] ] oan
1 6 0 3 3 3 L 3
2 > L 5 5 i 7 5
3 7 11 1 3 2 1 17 6
N 1 7 0 0 6 1 3 3
5 1 1 0 1 1 12 3 3
6 9 1 1 1 1 2 87 16
7 7 1 6 2 5 2 2 L
8 3 0 6 9 11 1 1 L

Differences necessary for significance at 19-1 odds = 1l
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Populations of Tetranychus telarius. in Spray Block
Bast Farm | | o ‘ Corvallis, Oregon
Jnhm;29,;l958

Percentage of Leaves Infested with Red Spider Prior to spray applications

T§§?t. . : R 5Rgplications 5 6 » .
1 15 L o 13 5 12 20 10
2 7 8 12 10 10 17 16 11
3 15 17 2 8 7 7 28 12
I 2 17 0 0 15 3 15 7
5 2 L 0 2 2 25 10 6
6 20 17 5 5 2 8 30 12
7 12 12 1l 3 13 8 7 10
8 5 0 12 13 22 5 2 8

Differences necessary for significance at 19.1 odds = 9



Summary of Hop Yield in Spray Block

East Farm Corwallis, Oregon
1938 |

vﬁzzf%. ) ) 3Repliciifzions 5 . ; oo

1 19 18 13 29 25 25 5 25

2 23 30 16 28 18 Ly 2l 26

3 16 1l 22 20 15 8 3l 18
A 25 20 3% 33 10 2 I3 27

5 8 9 12 20 16 32 25 17

6 19 21 21 27 9 3L 18 21

7 36 22 12 2l 25 20 32 2l

8 15 31 26 29 18 19 L7 26

Differences necessary for significance at 19-1 odds = 10

Per acre factor -- X 11

36
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1938 Spray Toxicity Tests Against Tetranychus telarius

\Eight differeﬁt treatments were applied to the sprayyﬁlock on August 2,
1938, One treatment was allowed to stand as an untreated check for com-
parative purposes (No.l) The regular and recommended formuls was con-
sidered as the standard insecticidal treatment (No.2). Other treatments
included Lethane (No.3), Powdered glue (No.l), Nicotine sulfate (Nol5),
0il (No.6), Quassia (No.7), and Bentonite sulfur -- soap (No.8).

Evaluation of pesticidal efficiency was determined by selecting ten
leaves at random from each plat and counting the number of living and
dead red spiders by means of a binocular microscope. These measurements
were made August L4-6 and final results are based on counts of over
15,000 red spiders. The percentage dead red spiders were averaged by
plat and subjected to the biometric principles of analysis of variance.

The standard and recommended lime sulfur treatment (No.2) was found
to be significantly better than any other treatment. This spray did not
give satisfactory results. The averare dead red spiders of this treat-
ment was 59%. An average of 9% red spiders was counted on the check or
untreated plots. This allows only a 50% efficiency rating for the lime
sulfur treatment. No other spray application, as applied, offered
promise for red spider control. The spray treatments gave no indication
of foliage injury. Results of these spray treatments are tabulated on

the following pages:



~ Summary of Spray Treatments for TetranychuSatélafius

East Farm

38

Corvallis, Oregon
1938
] % Red Spider. Dead
Treat. Replications
No. freatment 1 2 3 L 5 6 7  Yean
1 Check - No treatment % 17 8 9 7 3 L 9
2 Liquid lime sulfur 2 gal. S 58 6l &9 L9 51 37 59
Calcium caesinate % 1b.
Dusting sulfur 5 1b.
Water 100 gale
3 Lethane lat. 9 30 53 57 17 51 38 36
Lethane spreader 1 qt.
Water 100 zal.
i Powdered glue 5. 6 2L 56 L3 2, 23 o Lo
Tater 100 gals
5 Hicotine sulfate 1 gt. 37 5 51 25 Lo 52 5o 37
SS 3 1 gt.
Water 100 gale
6 Yo« i 0il 1eale 31 L3 20 50 31 5% I, 39
Ammonium caesinate %~lb.
Water 100 ;‘::9.1.
7 Quassea extract L gale 27 39 L2 13 gl 35 11 32
Viater 100 gal.
8  Bemtonite sulfur 6 1b. 1 13 22 L8 57 21 1, 27
Rosin potash soap 1 gt.
Hater 100 gale
Lifferences necessary for significance at odds of
19-1 = 19
-1 = 23
9-1 == 27
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Results of Experimental Spray Applications on Tetranychus telarius

August L-6, 1938

Plot Number of red spiders Plot Number of red spiders
Yo. Alive Dead Total No. Alive Dead Total
1-1 16 0 16 1-5 23 0 23
1-1 18 11 29 1-5 18 L 22
1-1 19 25 Ll 1-5 27 8 55
1-1 13 0 13 1-5 135 L 159
1-1 26 L7 (6] 1-5 7 0 7
1-1 146 2 148 1-5 29 L 33
1-1 218 10 228 1-5 111 12 12%
1-1 167 33 200 1-5 26l 19 283
1-1 18 0 18 1-5 73 2 75
1-1 22 0 22 1-5 189 1L 203

Total 663 128 791 876 67 oL3
1-2 9 3 12 1-6 1 2 17
1-2 11 8 19 1-6 2 1 25
1-2 23 3 26 1-6 33 0 33
1-2 2% L 27 1-6 L 0 L
1-2 61 11 72 1-6 1 0 1
1-2 18 3 21 1-6 16 2 18
1-2 12 0 12 1-6 15 0 15
1-2 11 L 15 1-6 8 0 8
1-2 17 0 17 1-6 18 0 18
1-2 16 5 21 1-6 30 0 30

Total 201 L1 2L2 1601 5 169
1-3 9 0 9 1-7 16 2 18
1-5 13 1 1L 1-7 3 0 5
1-3 2 0 2 1-7 2ly 0 2l
1-3 12 0 12 1.7 1 2 16
1-3 16 L 20 1-7 2 0 2
1-3 52 10 62 1-7 22 0 22
1-% 22 0 22 1-7 72 0 72
1-3 21 0 21 1-7 10 0 10
1-3 28 2 30 1-7 30 1 31
1-% 32 0 22 1-7 11 3 1L

Total 207 17 22l 201 g 212
1-1 32 L %6
1-L 20 1 21
1-L 17 0 17
1-L 151 7 158
1-L 36 0 36
1-L 19 0 19
1-L 69 11 80
1-L 81 3 8L
1-L 153 21 17k
1-4 22 15 37

Total 600 62 662
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Results\of‘Experimental Spray Applications on Tetranychus telarius

August L-6, 1938

Plot Number of red spiders Plot "~ Number of red spicers
No. Aljve Dead Total Noe Alive Dead Total
2-1 2 0 2 2.5 17 8 25
2-1 1 1 2 2-5 11 17 28
2-1 0 5 5 2-5 8 8 16
2-1 1 6 7 2-5 7 5 12
2-1 0 L L 2-5 1 0 1
2-1 1 16 17 2-5 3 1 in
2-1 0 %0 30 2-5 7 8 15
2=1 0 20 20 2-5 6 11 17
2-1 0 18 18 2-5 8 3 11
2-1 2 3 5 2-5 0 b} 5

Total 7 103 110 68 Bly 132
2-2 23 18 51 2-6 6 3 9
22 5 6 11 2-6 30 30 60
2.2 5 L 2-6 2l 1L 38
2=2 5 56 61 2-6 5 3L 59
22 53 35 88 2-6 5 12 17
2=2 2l 3l 55 2-6 5 L 9
2-2 8 8 16 2-6 10 11 21
2.2 145 235 %80 2-6 3l 12 L6
22 59 65 12), 2-6 13 10 23
2-2 22 2% L5 2-6 30 Lo 70

Total 356 LalL 8Li0 162 170 332
2-3 21 68 89 2-7 19 8 27
2-3 8 13 21 -7 27 L 31
2-3% 0 52 52 2-7 8 12 20
2-3 1L 32 L6 2=7 12 7 19
2-3 38 29 67 2-17 8 3 11
2-3 8 1L 22 2-7 3 5 8
2-3 10 12 22 27 1 11 25
2-3 5 2 7 2-7 P} 2 5
2.3 11 18 29 e-7 8 5 13
2-3 N 29 63 2-7 5 7 12

Total 19 269 L18 107 [N 171
2=l 5 11 16
2.l 8 10 18
2.l i 8 12
2.l 15- 14 29
2.l 7 30 57
2.l 3 8 11
2-l 10 30 Lo
2-ly 16 25 i)
2=l 2 .9 12
2-l 0 15 15

Total 71 160 251
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" Results of Experimental Spray Applications on TetraqyéhuSﬂtelarius

August L-6, 1938

Plot Number of red spiders Plot Number of red spiders
Fo. Alive Dead Total No. Alive Dead Total
31 17 2 19 3.5 8 0 8
5=1 g 0 9 3=5 25 8 53
5=l 1 1 2 3=5 9 0 9
5-1 L 1 5 5-5 1L L 18
5=-1 5 0 5 5=5 16 5 21
%=1 20 2 22 3.5 7 3 10
%=1 0 2 2 3.5 6 1 7
z.1 20 1 21 3.5 5 0 5
3-1 36 0 36 3.5 12 L 16
5-1 2 2 L 5-5 32 3 55

Total 111, T1 125 131} 28 162
5=2 6 1 7 3-6 2 L 6
3.2 3 0 3 3-6 8 13 21
5=2 L7 26 IF; 3-6 9 L 13
2w 1% 3 16 3-6 L 7 11
3-2 1 1 2 3-6 5 0 5
%2 5 3 8 36 8 11 19
3.2 8 3 11 3.6 12 13 15
%22 2 0 2 3.6 8 7 15
%2 7 1 8 36 Ly 7 11
2.2 2 2 I 3.6 0 6 6

Total ol; Lo 131, 60 62 122
5=3 18 22 Lo 3=7 8 5 1%
5=3 2 3 5 5T 28 19 LT
3-3 7 2 9 3-7 15 27 L2
5=5 12 37 Lo 5= 6 1 7
5=3 5 7 12 3=7 15 2 17
5=3 21 28 Lo 5=7 19 8 27
5=3 18 12 50 5=T 3 0 3
5=3 15 17 32 53=7 7 2 9
%3 38 2l 62 %7 62 39 101
3=3 21 28 L9 5=1 5 2 7

Total 157 180 557 168 105 275
3-L 29 70 9
%=l 8 3 11
3=l 7 10 17
3-0 10 7 17
3=l 13 2 15
3=l 11 13 2l
3=l 9 11 20
34 2 1 )
5=l 7 7 1L
3l 0 2 2

Total 96 126 222
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Results of Experimental Spray Applications on Tetranychus telarius

August -6, 1938

Plbt Number of red spiders Plot Number of red spiders

No, Alive Deag Tote.l - Noe Alive Dead Total
L1 1 L 5 L-s 10 0 10
Li-1 0 5 5 L-5 9 2 11
=1 0 10 10 L-5 1 1 15
L=1 1 6 7 L-5 7 12 19
=1 0 3 3 L5 L L 8
L1 0 L L L-5 25 8 33
Li=1 0 16 16 L-5 12 1 13
L-1 1 8 9 L-5 5 3 8
L=1 17 9 26 L-5 11 0 11
Li-1 16 1l 30 L-5 8 2 10
Total 25" o 115 105 23 158
L-2 o2 2 L L-6 N 0. N
L2 5 2 7 L6 6 3 9
L2 17 10 27 L6 11 L 15
L=2 16 10 26 L-6 0 1 1
[=2 35 5 Lo L-6 7 2 9
L=2 16 11 27 L-6 5 3 8
122 6 5 11 Li-6 21 1 22
L-2 16 0 16 Li-6 9 6 15
=2 79 20 99 L-6 8 1 9
=2 29 L 3% L-6 6 2 8
Tota 1 221 &9 290 77 23 100
L3 8 L 12 L=7 L 8 12
=3 2 10 12 4=7 11 L 15
L3 50 16 66 4=7 18 9 27
i1=3 10l 218 322 L=7 1 7 21
=3 L 0 L L-7 7 L 11
[1=3% 23 23 L6 L=7 11 11 22
Li=3 17 8 25 L=7 60 20 80
43 L 6 10 L7 1, 10 2l
4=3 1 7 21 L7 I 87 128
[1=% 10 8 18 L=7 72 10 82
Total 236 %00 536 252 170 1,22
Li=ly 1 7 8
Li=ly 12 5 17
L=l 7 10 17
by 135 85 220
L=h 5 7 12
L=l 5 5 10
Ll 7 5 12
L-L 12 7 19
L)y 6 7 1%
I 7 9 16
Total 197 17 S0l
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fesults of 'Expe‘rimen’cal Spray Applications on Tetranychus telarius .

" August L-6, 1938

Plot Tumber of red spiders Plot Number of red spiders -

No. Alive Dead Total : Noe Alive Dead  Total
5-1 T 1 8 5-5. o p) 12
5-1 L 10 51 5-5 19 7 26
5-1 0 16 16 5«5 8 12 20
5-1 5 Ly 9 5-5 7 3 10
5-1 13 2 20 5.5 1% 2 15 :
5.l 5 7 12 5-5 L 7 11
5-1 6 2 8 5-5 5 5 10
5-1 2 1 3 5-5 8 L 12
5-1 3 L 7 5-5 0 2 2
5-1 0 p) p) 5-5 5 7 12
Total 87 50 157 - 78 52 130
5a2 2 0 2 5-6 6 5 11
5.2 31 2 33 5.6 16 1% 31
52 8 0 8 56 2 5 7
5.2 2 0 2 5-6 1 9 23
52 7 0 7 5-6 13 15 28
5.2 9 1 10 5-6 7 11
5.2 8 0 8 5-6 32 19 51
5-2 2 1 3 5-6 5 0 5
5.2 3 0 3 56 S 11 28 %9
5=2 Ll 0 Ll 5-6 7 19 26
Total 116 Iy 120 f 112 120 232
5=3 8 5 13 5-7 13 2 15
5% i 6 10 5-7 9 11 20
5«3 12 ) 15 5-T7 12 5 15
5=3 3 9 12 5-7 5 3 8
5=3 11 7 18 5-7 8 6 1k
5=3 21 18 %9 5=T7 7 13 20
5-3 3 5 8 5-7 21 35 56
5-3 8 2 10 5=7 18 23 L
5-3 9 15 2l 5-7 10 L 1L
5-3 L 17 21 . 5=7 0 3 3
Total 83 BT 170 - 103 103 206
5-L 52 h 56

5= 12 3 15

5=l 27 3 %0

51 52 12 N

5.l 16 6 22

5l 11 7 18

5=l 59 31 90

52l %8 22 60

5=l 5k 1% 67

5=l 5 8
Total %26 109 L35




Results of Experimental Spray Applioations on Tetranycn

August L6, 1938

us telarius
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Plot Number of red spiders Plot Number of red spiders
Noe Alive Dead Total ‘Ko Alive Dead Total
6-1 1 L 5 6-5 28 6 Ll
6-1 2 1 3 6-5 3 L 7
6-1 5 0 5 6-5 3 5 8
6-1 35 6 Ia 6-5 7 1 8
6-1 12 1 13 6-5 14 0 1
6-1 17 20 37 6-5 8 0 8
6-1 16 L 20 6-5 7 8 15
6-1 6 L 10 6-5 8 L 12
6-1 8 3 11 6-5 20 8 28
6-1 7 6 13 6-5 18 20 %8

Totel 109 49 158 126 56 182
6=2 L2 23 65 66 12 18 30
62 Lo 21 70 6-6 58 Ll 102
6-2 31 28 59 6-6 21 37 58
6-2 18 z2 50 6-6 27 25 52
6-2 18 25 I3 6-6 18 37 55
62 82 57 139 6-6 7 11 18
6-2 sl 2l 78 6-6 9 7 16
6-2 28 21 Lo 6-6 15 12 27
6-2 5 19 2l 6=6 9 3 12
6-2 15 15 3L 6-6 7 12 19

Total 36 265 611 133 206 389
6-3 10 6 16 6-7 6 0 6
6-3 1 1 2 6-17 22 12 3l
6-3 L 2 6 6-7 5 17 22
6-3 25 8 %3 6-7 29 2 31
6-3 5 0 5 6-7 39 8 L7
6-3 15 0 15 6-7 5 10 15
6-3 3 1 L 6-7 23 17 Lo
6-3 12 1 13 6-7 3 29 %2
6-3 21 5 26 6-7 12 L 16
6-3 7 1 8 6-7 26 37 63

Total 103 25 128 170 136 306
6-Ly 3 0 3
6-1 21 1L 35
6=l 12 19 31
6=l 10 18 28
6-4 8 1, 22
6= 11 18 29
6=l 9 12 21
6=l 18 14 %2
6-1; 15 12 27
6=l 27 1L L1

Total 131, 175 269
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Results of Experimental Spray Applications on Tetranychus telarius

August Li-6, 1938

Plot Number of red spiders Plot “Number of red spiders
Noe Alive Dead Total Noe Alive Dead Total
7-1 10 L 1y 7-5 L 8 12
T-1 29 5 3l 7-5 19 32 51
7-1 L 0 by 7-5 7 18 25
7-1 3 6 9 7-5 18 21 39
7-1 20 2 28 7-5 7 L 1;
=1 51 57 -5 11 8 1
=1 1l 12 26 7-5 L 0 L
7-1 2 3 5 7-5 12 6 18
7-1 5 2 7 7-5 9 17 26
7-1 1 3 16 7-5 8 0 8

Total 151 19 180 99 11L 213
7-2 12 8 20 7-6 16 L 20
7-2 7 16 23 7-6 27 10 37
7-2 Lg 29 77 7-6 2 L 6
7-2 2l 19 L3 7-6 9 L 13
7-2 9 12 21 7-6 6 2 8
a2 3 2 5 7-6 8 2 10
7-2 8 11 19 7-6 2 5 7
7-2 78 29 107 7-6 L7 21 68
72 85 38 123 7-6 20 25 L5
7-2 1% 17 20 7-6 22 7 29

Total 287 181 LG8 159 N 2L3
7-3 8 2 10 7-7 3 2 >
7-3 7 L 11 7-7 L L L5
7-3 6 1 7 7-7 2l 1 25
=3 1 13 27 7-7 o > 11
7-3 11 8 19 7=7 L 2 6
-3 L L 8 7-7 15 2 17
=3 10 18 28 7-7 5 0 5
7-3 72 L3 115 =7 16 1 17
=3 9 11 20 -7 L 0 L
7=3 7 5 12 =7 12 3 15

Total 148 109 257 153 17 150
7=l 1% 0 1%
7=l 7 1 8
7=l 15 9 2l
7=l 19 0 19
7-U 3 0 3
7-Lt L 0 L
Tl 37 3 Lo
7-L L5 8 53
T-ly 6 1 7
7=l 3 0 3

Total 152 22 17l
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Results of Experimental Spray Applications on Tetranychus telarius

- August L-6, 1938

Plot Numbérjof red spiders. Plot Number of red spiders,

No. Alive Dead Total Ho. Alive Dead Total
8-1 2 0. 2 8-5 20 8 28
8-1 . 0. 1 8-5 8 6 1
8-1 L 5 S 8-5 10 L 14
8-1 3 1 L 8-5 7 23 20
8-1 1 0 1 8«5 5 18 23
8-1 L8 0 8 8-5 S.2 8 10
8-1- 10 0 10 8-5 12 5 17
8-1 22 L 26 , 8-5 13 12 25
8-1 2 0 2 8-5 6 8 1L
8-1 16 1 17 8-5 1l 37 51
Total 69 11 80 g7 129 226
g2 25 3 28 8-6 11 0 11
52 L5 1L 59 8-6 10 1 11
82 2 1l 16 8-6 2 8 10
8.2 L6 8 5l 8-6 20 8 28
8-2 L 0 L 8-6 10 0 ‘10
22 2 0 2 8-6 2 0 2
R=2 101 5 106 8-6 7 0 7
fim N 0 L 8-6 1 0 1
8-2 on 8 62 8-6 8 2 10
-2 L 2 76 8-6 1% L 17
Total %57 54  L11 SN 2% 107
8-3 61 8 69 8-7 2 0 2
8-3 5 0 5 6-7 L 0 b
£-3% 1l 15 29 8-7 16 2 18
&3 10 3 13 ST 15 1l 16
5.3 19 2 21 8-7 L 8 12
-3 71 5 %6 8-7 8 0 8
8-3 7 1 8 8-7 51 0 51
8-3 2 5 7 8.7 1 1 2
8-3 3 1 L 8-7 2 0 2
8-3 32 13 L5 ' 8-7 77 18 95
Total 180 53 237 180 30 210
5l 3] 19 50
8-l1 5 8 13
=y 19 37 56
8-l L 2 6
8-L 12 11 23
8-L 10 8 18
8-L 8 6 1
8=l 3 0 3
8=l 2 5 1
8-l 18 9 27
Total 112 105 217




Figure 5.

Yigure 6.

Spraying for red spider control, experimental hop yard,

Fast Farm, Corvallis, Oregon

Dusting for red spider control, experimental hop yard,

Fast Ffarm, Corvallis, Cregon
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1938 Dust Toxicity Tests Against Tetranychus telarius

Eight different dust treatments were applied July 20, 1938 for red
spider controle One treatment was allowed to stand as an untreated
check for comparative purposes (No.l). Other treatments included .75%
Rhotenone plus wetting agent (F0.2), «75% Rhotenone plus wetting agent
and lauryl thiocyanide (No.3), 05% Pyrethrums 1 and 2 with and without
hydrocarbon oil (No. L and 5), Dusting sulfur (No.6), Nicotine-lime-
sulfur (No.7), and .8% Dinitro-o-cyclohexyl phenol (No.8). Care was
taken to see that dusts were applied to the under sides of leaves. This
was accomplished by a modified hand duster with special long attachment.

Counts were made July 26.28 in the same manner as those of the
spray block. Populations were less severe in this block and final re-
sults are based on counts which were slightly less than 2800 red spiders.
The percentage dead red spiders were averaged by plats and subjected to
the biometric principles of analysis of variance.

.8% DNOCHP gave excellent control of red spider and was significantly
better than any other treatment. This material mixed with walnut shell
flour adhered to the leaves excellently and in many instances was noted
to have penetrated the tightly woven web of the spiders. Nicotine=lime-
sulfur was significantly better than the Pyrethrum and Rhotenone dusts
but its performance was considered unsatisfactory. Data of these tests

are tabulated on the following pages:



Summary of Dust Applications for Tetranychus telarius

50

Bast Farm Corwvallis, Oregon
19%8 |
, % Red Spider Dead
Treat Replications '
tment
o Treatmen 1 2 3 L, 5 6 Mean
1 Check - No treatment 30 L o 0 L 13 9
2 .75% Rhotenone 98% 20 69 33 25 25 36 35
Sodium lauryl sulfate 2%
3 «75% Rhotenone 8% s 13 22 67 0 63 37
Sodium lauryl sulfate 1
Lauryl thyocyanide 1%
L .05% Pyrethrums 1 & 2-90% 3, 25 18 20 38 30 28
Hydrocarbon oils 8%
Acid insoluable ash A
5 .05% Pyrethrums 1 & 2-98% 27 L5 90 3% 0 33 38
Acid insoluable ash 2%
6 .08% Dusting sulfur  90% 26 L9 71 50 38 8% 53
Organic sulfur compound
(11-1655=-49) 10%
7 Ficotine sulfate % 100 71 19 9% 71 L, 67
Lime 55%
.98% Dusting sulfur  L57%
8 DNOCHP 8% 100 100 100 100 98 100 9

Walnut shell flower 99.2%

P -

Differences necessary for significance at odds of
19-1
Lo-1

99=-1

28

35

Lo
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Results of Experimental Dust Applications on Tetranychus telarius

July 26-28, 1938

Flot Number of red spiders

Number of red spiders

Plot
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Results of Experimental Dust Applications on Tetranychus telarius

July 26-28, 1938

Dead Total

Number of red spiders
Alive
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Number of red spiders
Dead = Total

Alive

July 26-28, 1938
Flot
Total Noe
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Number of red spiders
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" Results of Experimental Dust Applications on Tetranychus telarius
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Results of Experimental Dust Applications on Tetranychus telarius

July 26-28, 1938

Plot Number of red spiders

Number of red spiders

Plot
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Noe Alive Dead

Dead Total
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Dead Total

Number of red spidérs

Alive

Plot
Noe

July 26-28, 19%8

Total

Dead

Alive

Results of‘Experimental Dust Applications on Tetragychus telarius
Number of red spiders

Plot
No.
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Results of Experimental Dust Applications on Tetranychus telarius

July 26-28, 1938
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- Results of Experimental Dust Applications on Tetranychus telarius

July 26-28, 1938
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Figure 7. Dinitro-o-cyclohexyl phenol dust injury to baby

hop plant, East Farm, Corvallis, Oregon
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Plant Compatibility Studies in 1938

The dust block was composed mostly of baby hop plants but was inter-
spersed to some extent with two year old plants. The severe dry period
during the suwner made it necessary to subirrigafe the baby plants. The
older plants had established themselves and did not require irrigation.
Dust applications were made to this block several days after the baby
plants had been irri-ated and severe burning of foliage resulted. No
foliage injury was observed on the older plants. The theory that the
irfigation factor might have contributed to foliage injury was tested
later in the season. Concentrations of .1%, .2%, L%, 6%, and .8%
were applied to baby plants September 2, 1938, These plants were watched
carefully the remainder of the season and no foliage injury was noted.
This evidence is not conclusive but indicates that the foliage injury of

the baby hop plants may have resulted from subirrigation,

The use of DN (Dinitro-o-Cyclohexyl phenol) and related compounds in

California

DN dust is in rather extensive semi-commercial use at the present
time in Southern Califcrnia for the control of citrus red spider

(Tetranychus citri, MacGregor). Four thousand (LOOO) or more acres

have received either one or two applications at the rate of 1-1%—pounds
per tree of 0.8 per cent dinitro-o-cyclohexyl phenol dissolved in a
suitable solvent and absorbed in walnut shell flour. A total of almost
500,000 pounds has been used according to Mr. H. C. Lewis, entomologist
of the California Fruit Growers kxchange.

In order to avoid the possibility of serious plant injury, the
use of this product has been admirably safeguarded as follows: It is

sold directly to the grower by the Dow Chemical Corporation of Long



Branch, California, at the rate of 51 cents per pound applied to the
(tree.v:Dr. David T PrendergQSt, & graduate of the Univefsity of Cal-
jfornia, and his permahent assistant, Lee Braucher, along with two
others (also graduate entomologists) actually make the dust application
or are present when applications are made. These men determine whether
the time and conditions (such as the immediate and forecast temperatures),
relative humidities, windiness, abundance and stages of the mites, con-
dition of the trees warrant the application. They also determine the
smount to be applied. The grower must agree to all these conditions
and regulations of’the treatment or else none is made. Application 1s
made with the large "pishtail" type, high volume, low velocity dusterse
(These were designed and developed by the Department of Agricultural
Engineering of the Tmiversity of California end are the only kind of
power dusters used in this State. It 1s the use of these dustersb
that accounts for the thoroughness, the coverage, and the efficiency
of dust treatments on trees in California). A careful check is made
at definite intervals of the results obtained wherever DN dust has
been used. This system of safeguarding the use of a new product has
been aptly called commercial experimentation. As a result, no injury
of importance has occurred in the "interior" valleys. One case of
injury to eitrus occurred at Santa Paula which is on the coastal plain
where heavy salt-laden fogs occure

The reason citrus growers are so enthusiastic about DN is that
it offers them a citrus mite control without complicating other pest
control procedures oOr the necessity of using 0il merely to control
this pest. If complete control of spiders 1is desired, two applications

are made at 10-1l day intervals, the time of the second application



| :belng determlned by the maximum hatch of the eggs surv£§ing‘£he'first ,
application and by the age of the oldest of these survivors. Wwhere
subsequent~011rappllcat10ns are necessary (1n a feW'weeks to three
months) for resistant red and black scale control, one application only
is made.‘ |

It was understood that those who developed DN dust, namely,
Drs. A. M. Boyce of the Citrus Experiment Station of the University
of California and J. F. Kagy of the Crop Protection Institute, who
worked with Dr. Boyce, showed that the product used in the right man-
ner and in the right place had possibilities. Likewise, it was evi-
dent that the product had very definite limitations in the way of spe-
cific action on pests, plants and conditions. Such limitations have
been corroberated by furthner experiments conducted by Drs. Boyce, S B.
Bailey, K. B. Maxwell, Leslie Smith, H. C. Lewis and Mr. John lammi-
man.

DN dust is a specific for the control of citrus red spider (Paratetrany-

chus citri, MacGregor), the common red spider (Tetranychus telarius, Linn.)

and the brown or clover mite (Bryobia praetiosa, Koch.). On the other

hand, it does not control the Pacific mite (Tetranychus pacificus, Mac-

Gregor), a pest of importance on deciduous fruit and particularly of
grapese According to Iir. A. M. Boyece, the DN dust actually acts as &

stimulant to the rust or silver mite (Phyllocoptes oleivorus, Ashmead)

of oranges and lemons, & pest easily controlled by lime-sulfur or wettable
sulfur sprays. Neither is it effective in the control of the citrus bud

mite (Eriophyes sheldoni, Ewing), & new specles of importance on lemons

in the Santa Faula districte.
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In view of its‘high efficiénoy against soﬁe of the mites; one might
expecf DN dust to be an effective product against certain easily con-
trolled, soft-bodied pests sucﬁ as the walnut aphis. This aphid is
readily controlled by a 2 per cent nicotine dust (5 pounds B.L. L0 on
95 pounds lime), but DN dust has little effect even on the new-born
young.

Its efficiency against various species of thrips is of comparatively
low order.

All the foregoing indicate a highly specific action against various
pests. This same specificity is shown in plant reaction. Tests on grapes
by Drs. Boyce (Riverside), Leslie Smith (Santa Clara) and Mr. John
Lammiman (Davis) show that this plant is extremely sensitive and severe
burning results from DN dust applications. On the other hand, English
walnut is very tolerant, as Dr. Boyce has trees that have tolerated an
accumulated seasonal load of LO pounds per tree of the product without
a. trace of injury. Citrus infthe interior valleys has tolerated 3 pounds
per tree. DN dust burns when temperatures are too high. Hence it is
not applied when forecasts predict periods of temperatures over 95° F,,
nor is it used on citrus in such hot low valleys as the San Fernando
Valley. It cannot be safely used in the foggy coastal plain areas where
the salts of the ocean drift cause it to react and result in plant in-
jury.

In Southern California, these limitations are not particularly
serious for the following two reasons: (1) All pest control operations
are conducted either by qualified and responsible operators or super-
vised by the entomologists employed by the larger ranches; (2) the con-

centration of large acreages of fruits in favorable wvalleys offers a



large outlet for any highly effective, even though Quite specifiec,
product.
In Northern Californie, these 1imitations are of major importence

because growers there do their own pest control operations.

Experimental Programs in Progress

In Southern California, Dr. Boyce is continuing extensive tests
Wwith DN, its derivatives and related compounds &s foilows:

(1) Testing of emulsions of the parent compound in suitable
solvents (not revealed). These appear to be safe on many plants and
probably more effective than the DN dust on pests other than mites.

(2) Testing of derivatives of DN. It is well known that the
alkali and calcium salts cause injury to plants. On citrus fruits,
this resembles melanose and aopears to be due to the deposition and
concentration of crystals in spots. The menoethanolamine derivative
which is erystalline and partially soluble in water caused similar
injury, whereas the triethanolamine derivative, which is a liquid and
completely soluble in water, has caused no injury so far and appears
to be an interesting and promising lead. This work has revealed that
none of the derivatives or salts of dinitro ortho cyclohexyl phenol are
as effective against mites as the parent compound, but are more effective
against other pests than the parent material,

At the University of California, Los Angeles, Dr. Ralph H. Smith
is starting an investigation of DN dust Oon ornamentals. This inves.
tigation of the insects attacking ornamental plants in' California is
an entirely new ang undeveloped field about which little or nothing
is known at present. For example, Scotch Broom (Cytisus spp.) is a

common ornamental and harbors & numbor of species of mites, Everywhere
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thrcughout Callfornla the natlve sycamore wes heav11y 1n£ested‘W1th
: mltes, at least two sPeeles being present.v Prlvet ‘is also a host for

gnother mite (Tenipalpus californicus) .

At the Santa Clara Station;, Dre Leslle Smith hﬁs found that 3 per-
cent DN in oil, or Ly percent Dow oil are good ovicides (applied as dor=-
mant sprays) for the control of the mealy plum louse on plums and
prunes and black cherry aphis. However, %+ pound DN perVIOO gallons
with lye (or & tank mix of sodium dinitro ortho cyclohexyl henate) is ~
even better and will probably displace tar oils now in use both on &
cost and efficiency basis. DN costs $2.00 per pound, or, in such use,
50 cents per 100 gallons, whereas tar oils are effective concentrations
of 1%-2 per cent tar oil and cost $1.00 per 100 gallons. "Ioro" cannot
compete on a cost basise

Tt has also been found that dormant sprays of DN compounds act as
e cure for delayed foliation, 2 problem of particular importance in
seasons following unusually warm winter in the southern half of
california. Although the sodium dinitro ortho cyclohexyl phenate was
highly effective in bleck scale control on citrus, 1t cannot be used
because it burns young growth and terminals and has no advantage over
standard 1 2/% percent oil which sometimes has a similar effect. The
product offering most promise seems to be 0.5 percent rotenone=3 percent

total extractives.

Products Having & Usefulness Similar to DN Dusts

Dre A. M. Boyce has been investigating the alkyl cyclohexylamines
and has found that Santobane (which he said was beta, bete amyl cyclo-

hexylamine) appears to have promise as an acaricide. He has at least



three oﬁher cyclohexylamines under test, but did not reveal their natureQ
Oﬁe”of‘the_interestihg revelations of this work wes that éompounds which
éaused éeribus plant injd:y af l-hOO’€nd 1-800 dénéentraﬁidQs in aqﬁeous
dispersions on lemons caused no injury when used as 10 percent dusts on

walnut shell flour. He said that amines work varticularly well on wal-

combinations.

Dre James Marshall at Wenatchee hag tried amyl benzy1 cyclohexyl-
amine on apples for combined codling moth and two spotted mite control.
The experiment was g failure. No rersistent heavy mite populations
developed, the material severely injured the trees and gave no codling

moth control. The Sprayed trees looked worse than the checks.

trol of the dead arm disease of grapes (Cryptosporella viticola).
—_=

Dre We B Hewitt of the University of California at Davis is using
Elgetol {(dinitro ortho cresol) and DN to kil] the organism on the
foliage in much the saie manrer that Dr. G. W, Keitt of the ‘niversity
of Wisconsin is using copper-caleium arsenite in apple scab control,
At Davis, Sinex (dinitro naphthalene) ig being testeq as a weed
killer by Drs. S. A. Crafts and L. G. iestgate (Crop Protection Institute),
Une of the most important features in mite control in Californis ig
the fact that these animals divide themselves roughly into two groups :
those that are controllable by sulfur and those which are not. At the
present time, there appears to be no pesticide whieh ig equally effective
on both. Neither is there any pesticide which is entirely safe to plants
under the high temperature conditions that preveil in most of the areas

in California where mites are injurious. It is evident, however, that
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any product, even if decidedly specific in its action for-eertaiﬁ~of
the most important mites, may be used in large quantities just as is

evident with DN dust at the present time.
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The Hop Aphis

Deseription of £hé hoé aphis Phérodon humuli Schrank
' The hop aphis Phorodon humuli was described by Franz Schrank in
1801 (Fauna Boica, Vol.2, Pt.l, p.110) and is given as follows:
Hopfen F. 1199 Weislichtgriin, einfdrbig; zwey
Hornchen am Vorende: dié Fhlh¥rner am Grunde mit
einem Zahne.
Aphis Humuli

Wohnort: an der Unterseite der Hopfenbldtter.,

Anm¢ Die Saftepizen fast parallel, ein wenig einwdirts
geneigte. »
Diess ist der IFehlthau des Hopfens; in der That
eine Anzeige, dass der Stock krank sey, aber nicht
die Ursache der Krankheit.
Translated into English the literal interpretation of this des-
cription follows:
Whitish-green, univolorous; two little horns
at the anterior end; antennae at base with a tooth.
Aphis Humuli
Habitat: On the underside of the hop leaves.
Note: The honey tubes nearly parallel, a little
inwardly inclined.
This is the mildew of the hop; in fact an indication
that the plant is diseased, but not the cause of the

disease.
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The various forms of the hop aphis are described"by Theobold
" (The plant lice or Aphididae of Great Britaine, Vol.l, p.273-276,
Headly Bros, London, 1926.) and are given as follows:

Egg, on Prunus.

Color; greenish at first, turning to blacke. Size o x T mme

Stem Mother (Fundatrix) on Prunus.

Alate viviparous female (first migrant). Pale green to apple
green, paler beneath. Head dark brownish; a dark line or band on
pronotum; dark brown thoracic lobes. Abdomen with dark transverse bars
and % to L black lateral spots. Anal plate black. Cauda green.
Cornicles green. Legs green, apices of femora and tibia brown; tarsi
blacke. EByes reddiéh-brown. Wings large, the cubitus and stigma/greenish-
yellow. Antennae about as long as body; green to dusky-green, especially
at apex; segments 1. end ii. darkened, base of iiie. palest; segment i.
larger than ii., with a blunt apical process on the inner side; iii.
longer than iv. and not quite as long as Vi., with 27 to 3% sensoria
over its whole length; ive very slightly longer than V., with 3 to 6
jrregularly disposed sensoria; ve. less than half length of vi.; the
flagellum longe. Head with small lateral processes and the median ocellus
on a prominent processe Rostrum reaching rearly to second coxae, which
are close to the third and some way from the first. Cornicles shorter
and thicker than segment iiie. of antennae, darker green in some than
others, imbricated, proiecting well beyond the cauda. Cauda one third
to less the lencrth cf tre cornicles, spinose, bluntly acuminate, €X-
panded basally, with 5 or more pairs of rather lonr hairse

Apterous viviparous female (on Prunus). Yellowish-green, with

% deeper green irregular lires on the body, the median one more regular
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.than‘tﬁe lateral, the latter frequently zig-zag.’ Elongated oval in
form. Head rather narrow. Eyes small and red. Legs and antennae
green, reaching the second coxae. Legs nearly equi-distant apart.
Frontal tubercles porrected, prominent, not quite reaching the level

of the apex of antennal segment i. Ségment i.bof antenhae much larger
than ii., with a blunt apical process on inner side; iii. longer than
ive., and equal to or rather longer thean vi.; v. about as 1ong as ives
basal area of vi. about one-third of flagellum. Cornicles green, as
long as or slightly longer than antennal segment iii. and thicker;
fainfly imbricated. Cauda green, much shorter than cornicles; apinose,
with 3 pale hairs each side. Anal plate green. Tibia with short hairse
Lensth 2.7 to % mm,

Apterous viviparous female (on Hop). Somewhat similar to the
former, but narrower, more shiny and transparent; the three dorsal
stripes not so well developed; body rather narrower. Frontal tubercles
large and somewhat different in form to the former. Segment i. of
antenna larger than ii., with a well-defined blunt tooth on its inner
margin towards the apex; otherwise very similar. Cornicles and cauda
similar in colour, but the former not so strairzht and longer than antennal
segment iii. Rostrum reaching to second coxae. Length 1.3 to 2 mm.

Alate Viviparous female (Return migrant on Hops). Very similar
to spring migrant. Antennal segment iii. with 23 to 30 sensoria; ive.
with % to 8. Abdomen with 3 to l. lateral dark spots, as well as the
usual transverse dark barse. Cornicles, cauda and legs much as in former.
Anal plate darke. Femora dark, except at base; tibia green, except just

at apices; tarsi dark. Length l.7 to 1.9 mm.
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- Male. Alate. .Green; head and thorax dark. Abdomen with‘B large
~ dark lateral spots, a dark dorsal patch and one at base of each corniclé,
~caudad; anal plate dark. Cauda and cornicles dark. Antennae dark green.
Legs green, except apices of femora, tibia and the tarsi. Antennae
longer than “ody; segment i. larger than ii., with a dentate process
apically; iii. longer than iv., with 23 to 25 sensoria; iv. slightly
longer than v., with a few sensoria. Eves large, dark. Rostrum not
reaching to second coxaee. Sternal plate dark. Cornicles thin,
cylindrical, much shorter than antemnnal segment iii. Cauda much thicker.
and shorter than cornicles. Claspers dark. Wings much longer than body.
Length 1.5 to 1.8 mm.
Oviparous female. Apterous. Yellowish-green; antennae green

at base, dusky at apex. Legs green, except hind tibiae which are dusky.
Cornicles, caude and rostrum yellowish-green. Antennae shorter than
bod:; segment i. much larger than ii., with a large dentate process near
apex of inner edge; i1ii. a little longer than iv. and a little shorter
than vi.; iv. and v. about equal; flagellum of vi. rather short. Frontal
processes of head very prominent. Cormicles c+lindrical, somewhat curved
inwards, about as long and slightly thicker than segment iii. of antennae.
Cauda broad, about half length of cornicles. Legs rather short and thick;
many sensoria on hind tibiae except just near apices. Length .3 to

1.0 mm.

History of Phorodon humuli.

The esrliest mention of the hop aphis was by Orth, a German priest,
but it wssnot described until 1801 when Schrank named it Phorodon humuli.
It was present i: England in 1807 but apparently did not become very

important until 18L3. It was imported into the United States about 1863
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and in 1886 caused very severe damage to the hop yards of New York and
Wisconsine. The first appearance of the pest on the Pacific Coast wa.s
1890 and since then it bas remained one of the most important problems
of Hop Growers. It is now known to occur in Japan, Formosa, India;
Germany, France, Epgland, Italy, Poland, Russia, Denmark, Hungary;
latavia, Belgium, Jugoslavia, Czeéhoslovakia, Canada and the United
States. It is of major economic importance in the hop growing sections
of Oregon, Washington, California, and New York, but also occurs in
Idaho, Colorado, Wisconsin, Ohio, Connecticut, Maine, Illinois, and
Vermont. Hops and prunes are its common hosts but it has also been

taken from plum, cherry, Blackthorn, apple, rose, asparagus, and nettle.

Life History of Phorodon humuli.

The hop aphis overwinters in the egg stage on prune and perhaps
other closely allied hosts. There has been some evidence that they
may overwinter as eges or adults on the roots of hop vines but this has
not been substantiated. The eggs on Prune hatch about the Middle of
April. The emerging aphids are wingless viviparous females (stem
mothers) and after ahout two weeks deposit living yvoune on the foliage
of the primary host (prune). Two or more generations are passed on
the primary host before alated spring migrants are developed. This
ocours about the middle of May. The spring migrants £1lv to hop vines
and deposit living young. They are very weak fliers, but when aided
by wind may migrate one half mile or more. The infestation in a hop
yard generally varies inversely with the distance from the primary
host. Approximately ten days are required for the young to become

mature at this time of the year. Females deposit on an average of thirty
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Figure 8. Section of hop cone showing sooty mould development,

Fiegure 9, Bract of hop cone, showing growth of sooty mould, Cladosporium spp.
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or foffy offépring and eleveﬁ'or more generations may occur on hops
during thé summer months. Theré are‘four nymphal instars.

The male aphids appear as an estimated twelfth generation about the
middle of September. Both male and female aphids develop wings about
this time and migrate to the primary host (prune). Eggs are deposited

from the latter part of September and throughout October.

Economic importance of Phorodon humuli.

The hop aphis injures the hops in two ways. They devitalize the
plant by extracting. the sap. This results in a decrease in yield and
weakens the vitality of the plant. They also secrete honeydew which
supports the development of the black fungus smut or sooty mould

Cladosporium sppe This develops in the clusters of the hops, causes

them to become permanently discolored and greatly lowers their market

value.

Seasonal history of Phorodon humuli in 1937,

The first aphis was taken on hops at Corwvallis, Oregon, on June 3,
1937. From this date until July 6 aphids were slow in establishing
themselves. Parasites and predators seemingly held them in check until
after July 15 when they were very noticeably on the increase throughout
the Wiillamette Valley. Dust and spray applications gave temporary re-
ductions in populations but late in August they were again very abundant.
Cool moist weather suvported the development of sooty mould in September
and it was estimated that over 12,000 bales of hops were not picked

because of this development.

Seasonal History of Phorodon humuli in 1938,

The department of Entomology was well equipped to study the seasonal
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~development ofvthe hop aphis in 19%8. Examinations were mgdeibfvfﬂe hop
plants in the expefimental yérd in the same mammer as was described for
Tetranychus telarius (Pagqﬁg). The first appearance'of‘hop gphis on

hop occurred May 23. They remained very few in number until the latter
part of June when they seemingly began to increase. Populations and
percentage infestation counts showed that they were definitely decreasiﬁg
by July 19, and by the end of the season very few could be found. FPopu-
lations did not occur in sufficient numbers for the testing of insecti-
cides in the field. The seasonal history is pictured graphically on

the following pace. Population per leaf (a measure of population density)
was magnified 1000 times in order to show the slope of the curve. Para-
sites and predators were responsible for holding this pest in check
during 1932, Sooty mould did not occur in the experimental hop yard at
the east farm and there were no reports of it throughout the Willamette

Valleye
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Control of Phorodon humuli.

1. Culturallmethods. A number of culturélrmethods such as the

stfipping of lower leaves and suckers from the vines, hand picking and
desfroying infested leaves, fertilization and irrigation, have been
recoxmended as aids toward hop aphis control. These are common practices
among hop growers throughout Oregon and may have supplementary ceontrol
value. Cultural methods of this kind usually require additional control
practices,

2 Biological control. Parasites and predators often play an im-

portant role in hop aphis control; This was demonstrated during the
season of 1938 when the number of infested leaves in the experimental
hop yard at Corvallis did not exceed twelve (12) percent. Hop éphis
were very hard to find during August and September and averaged only 3%
infested leaves. Population of aphis per leaf at this time averaged
+001 per leaf, Aphis are normally at their maximum abundance during
this period,

The biological control of insect rests varies greatly from year
to year. Wany factors are involved in this phenomenon but in general,
the control value fluctuates with the seasonal development of the pest
and its enemy. There has been no attempt made to study this method of
control on hop aphis. Investigations of this kind are prolonged and
costly but some effort should be made in this direction.

Spray and dust applications for hop pest control have been noted to
kill off many of the natural enemies of hop pestse. This fact is not
generally considered by hop growers. Improper timing and application of
materials of this kind may in some instances do more harm then good., A

list of the common natural enemies of the hop aphis is given as follows:
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Anthocoridae -~ Hemiptera
*T;iphleps insidiosus Saye.
Chrysopidae ~- Neuroptera
*Chrysops californica Coq.
Hemerobiidae
*Hemerobius pacificus Banks.
Syrphidae -~ Diptera
*Syrphus opinator O. S.
*Syrphus americanus Wied,
Coccinelledae -~ Coleoptera
*Hippodamie convergens Guer.
*Coceinella abdominalis Say.
*Coccinella californica Mannh.
*Chilorcus orbus

- #*Cycloneda sanguinea Linn.

5¢ Chemical controls. Spraying with nicotine sulfate-soap or cuassia-

soap has long been the favored means of hop aphis control. Nicotine sul-

fate is very rapid in its toxic action but is very volatile and will lose

its insecticidal value shortly after application. It is necessary that

the aphis are contacted by the spray for optimum results. The common for-

mula used by hop growers is:

Nicotine sulfate (L0%) = - - - - 1/% pte
Whale 0il S08D = = = = = = = = - L to 5 gal.
Water = = = = o = w w o o . - = 100 gal.

Quassia is the extract from the wood of Picraensa excelsa, a Jamaican

tree which contains the alkaloid quassin (052Hh2010). Quassin is extracted

from the chips of the tree by soaking them in water for 2l hours and then

boiling them for several hours.

* Known to occur in Oregon
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JVT£éfé’i§'no gféndardizqéjqu;sgia farmuié aﬁdfho? grb%ééé;commpniy
use & rule of thumb method of pfepéring it.‘ A férmula’sométimes used |
by hop growers in the Willamette Valley is given as follows :
Extract of 5 1bs. of chips - - = - 3 gal.
Whale oil so8p = = = = = = = = -~= 5 1bs.
VWater = = @ = =« = = - - - - - - - 100 gal,
The insecticidal nature of quassia is not known. It is not as rapid
as nicotine sulfate but seemingly has & prolonged or residual effect.
Tt is believed by many hop growers that quassia is absorbed by the plant
and acts as & repellent. This material has been used in the Pacific
Northwest since 1889 dospite the repeated warnings by C. V. Riley and
Le O. Foward (Entomologists U.5.D.A.) that the material was of no value.
Guassia has now stood the test of fifty years among hop growers and
apparently is specific for hop aphis control. Toxicological investigations
with quassia should be undertaken in both field and laboratory in order
to determine its insecticidal efficiency.
A number of the larger hop growers of Oregon have abandcned the
practice of spraving in favor of dusting for hop aphis control. Nicotine-
lime or nicotine-lime=-sulfur dusts are commonly used. The formula for

these dusts is as follows.

l. DNicotine sulfate (LO%)w - - - - 10 1bs.
Lime = = = = = = = = = = = = - 50 1bs.
Filler- = = = = = = = = = = = - Lo 1bs.

2. DNicotine sulfate (L0%)- - - - - 5 1bs.
Lime = = = = = = = = = = = = - 50 lbs.
Dusting sulfur- -« = = =« - = =« = L5 1bs.

Dusting for hop aphis control has been carried on in Oregen for five
vears with not too much success. Successful dusting has the limiting
factors of strong air currents and the inability to contact the aphis on

the under side of the leaves. Still air currents may be found in the early
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mérning but at this time temperatures are below the threshold fdf’maximum
insecticidal efficiency. |

Preliminary studies were madé’in the laboretory to determine the
necessity of contacting aphis with nicotine sulfate dust. Hop aphis were
not present in sufficient numbers for test purposes and an undetermined
species of aphis‘on Cosmos were substituted.

The standard embroidery hoop method was used in preliminary study.
This method is emploved by the E. I. du Pont de Nemours and Co. for
aphicidal investigations. A fine mesh scrim cloth is drawn tightly
through a six inch erbroidery hoop. A leaf or portion of a plant which
is infested with fifty or more aphis is cut from the plant and treéted
with a given insecticide. The treated aphis are then placed on the scrim
cloth and covered with a four inch petri dish. This prevents aphids from
escaping. Air circulates over the treated aphids from around the edges
of the petri dish, and prevents a concentration of toxic gases and build
up of temperatures. A pan of water may be placed beneath the embroidery
hoop if humidity control is desired. The number of living and dead insects
is counted after a twenty four hour period. The toxicity differential
between adult and nymphs is controlled by c¢nly recording the adult aphids.
Moribund aphids are generally considered as living..

The aphids used in this study were dusted with .10, 066, 050, and
.0%% ounces of 5% nicotine sulfate-lime dust. A similar amount of material
was deposited under the embroidery hoop in a second series of testse
These aphids were not contacted with the dust in this series and any kill
was considered due to the fumigatiory action of the nicotine. The results

of these tests are tabulated as follows:
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Aphis contacted with dust

Amount Number alive Number dead Total Percent dead
.10 oz. 0 174 17h 100
066 oz, 0 216 216 100
.05 oz, L 20% 207 98
«033 oz, 15 199 21l 93
Check - untreated 80 0 80 0

Aphis not contacted with dust

Amount Number alive Number dead Total Percent dead
«10 oz, 20 8ly 10l 80
066 oz , 93 21 11l 20
«50 oz. 309 0 309 0
«033 oz. 78 0 78 0
Check - untreated 30l 0 204 0

This experiment was very crude and aphids were not present in suffi-
cient numbers for replications of treatments. The aphids not contacted
were never farther removed than one inch from the dust. It is strongly
indicated that contacting of aphids by the dust is necessary for maximum
insecticidal efficiency.

One very important problem in these hop investigations is the
development of a satisfactory method of dust application. The equipment
which is now used for hop dusting does not give adequate coverace on the
under side of the leaves. Hop aphids and red sriders dwell in this habitat
and i1t is essential that this problem is sclved if and when a suitable

pesticide is developed for their control.



Cnephasia Longens Haw.

History of Cnephasia longans (Omnivorous leaf tier -- Flax worm).

Cnephasia longana was described by He Ae Haworth earlyvin the eighteenth
century and since that time there has been few scattered references on
its toxonomic position and host plants. It is apparently well distributed
over BEurope and there are records of it from Holland, England, Southern
Furope and the Canary Islands. It was first teken in America in 1929 by
J. J. Inskeep, County Agent of Clackamas County, Oregon, who reported it
causing damage to strawberries. It is now spread around the North Howell,
Silverton, Mt. Angel, Woodburn, Hubbard end Canby districts of Oregon and
has been reported attacking iris and strawberry in the State of Washington.
This insect has been studied during the last four years by Mre. W. D.
Tdwards and Mre. G. R. Ferguson of the Department of Entomology, Oregon
State Agriculture College, Corvellis, Oregon. The account of‘g. nephasia
in this report has been taken from their unpublished reports of 19%36-19%7=-
1938,

Description of Cnephasia longana.

Genus Cnephasia Curtis #*rPalpi shorter than the head, ascending, densely

clothed with long scales, especially on the upper edge of the second joint,
the terminal joint exposed; maxillae short. Antennae rather long, slender,
finely pubescent within the males, simple in the females; head small, with

a tuft on the crown; eyes lateral, subglobose; thorax not crested; wings
deflexed durine repose; anterior somewhat lanceolate, rounded at the apex,
and generally marked with transverse irregular bands, rarely immaculate;
posterior ovatetriangular, entire; abdomen moderate, carinated on the back,
and with a tuft at the apex; stouter and obtuse in the females: legs slender,

short.

* Stephens, J. Fe Illustrations of British Entomology. Haustellata IV
London. 1827-1835. pe 12 7o
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Species longana Haworth

Synonomy. Cnephasia longena, C. ictericana, C. iocewiana, C.

strataﬁa,'g; insolatana; C. luridalbana.
kT. (The long-winged) aiis albo-cinereis longiusculis, fusco
maculatim fasciatise.

Habitat in Pasculs. Imago vix frequens.

Expansio alarum 9-i0 lin,

Discriptio. Alae anticae longiusculae seu certe longiores quam
in caeteris ratione magnitudinis, apice retundatae; cinereo-albae; maculis
subtribus irregulariter confluentibus transversis fuscis ante medium;
aliisque tribus majoribus posticis, magisque confluentibus irregularibusque.
Juxta apicem, alae subinde fusco reticulatae sunt. Posticae albicantes.

Be Omnino pollidior maculis plus minus evanescentibus. Forte exemplarium
senectume.

A literal translation of the above description is given by J. Schuh
and the writer as follows:

To (The long-winged) Wings ashy white, rather long, covered
with dark bands.

Habitat In pastures. Imapgo scarcely frequent.

Size. Wings 9-10 lires.

Description. Anterior wings somewhat long or certainly longer
than the others by the observation of size, apex rounded; ashy-white;
dark irregular transverse confluent spots below and before the middle;
and three other larger behind, more confluent and irregular. Near the
apex, wings are continua'ly reticulated with black. Becoming white poster-
iorlye.

Be Totally paler, with more or less evanescent spots. Strong similarity

of old age.
** Haworth, He Ae Lepidoptera Brittammica Londini 1803-1839, p.[63.
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Desceription of various stages of Cnephasie longansa.

Egg+ The egg, when first deposited, is light salmon in color, but
turns darker if thekegg is fertile or lighter if infertile. It is about
1/%2 inch in diameter, has no definite shape, though it is generally
round but flattened at the point of attachment. During incubation the
egg becomes somewhat irregular or collapsed in appearance.

larvee. The larva is a tvpically naked Tortricid about ]/16 of an
inch long. The color changes as the larva grows. After hatching, the
body retains the salmon color of the egg and this persists through the
overwintering period in the hibernaculum. Shortly after the resumption
of activity in the spring, the insect's body varies from a light to dark
gray and the head capsule and shield become very dark. Vhen a length
of from 1/l to 3/8 inch is reached, a longitudinal stripe appears slightly
to each side of the dorsal surface, though these disappear or become very
faint shortly before pupation, and the larva turns to a creamy brown.
The head capsule and shield become and remain ten in color after 1/& of
an inch is reached, except immediately after each molt when they are
very light. There are five ocelli on each side of the head close to
the base of the antennae and slightly lateral, that are arranged in a
compact group. The mandibles are dark brown and small. One rair of
true legs is found on each thoracic segment and a rair of prolegs on the
3rd, Lth, 5th, 6th, and 10th abdominal segments. Characteristic of the
larvae of the genus Cnephasia is the sbsence of seta VI on the 9th ab-
dominal segment.

Pupa. The pupa is typically lepidopterous, 9/32 of an inch in
length; abdomen scmewhat lipghter than the rest of the body. The first
to sixth abdominal segments have a double row of short spines on the

dorsal side. These spines grow smaller progressing posteriorly until
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they are mere indications on the sixth segmenﬁ. The anterior'of theée
two rows of spines start at a spiracle and run over the back, ending at
the spiracle on ﬁhe other sidé. On each side of the pups, running
parallel with the spines, there are three setae and another slightly
ventral and anal in direction from the spiracle may be found.

Adult Male. The adult male is a Tortricid, measuring 9/32 of an

inch in length and with & wing spread of 3/h inch. In color the forewing,
body, head, patagia, and collar are of a grayish-yellow; the rear wings
appear slightly less yellow, due possibly to & lesser number of scales.
The under side of the forewing appears to be darker than the upper side,
while on the rear wing both sides are of the same shade. The anal margin
of the hind wing, from apex to base, has & fringe of long gray hairs,
which attain a length of almost half the width of the rear wing on that
portion of the margin close to the base. The apexes of the wings are
somewhat rounded, giving the appearance of the typical Tortricide

The antennae are grayish-yellow, though somewhat darker than the
wings. The palpl are covered with scales; broad at the tip; somewhat
ascending; reaching slightly above the vertex of the head.

Front portion of the tibia and femur of the forelegs is washed
with brown and the tarsi are dark brown. The femur and tibia of
middle and hind legs are grayish-whites tibial spurs are yellowish-
gray. Widdle legs are clotred with scales except on ~he tibia where
there is a brush of hairse.

The anal tuft is fan-shaped and yellowish-gray in colore.

Adult Female. The female moth is similar in size and shape to the

male but differs in color. The forewing is grayish with brown markingse
The brown upon the forewing varies from a few mottled spots to, in

extreme cases, practically covering the entire wingse






Figure 13. Prepupae of Cnephasia longana THaw,

Figure 1l,, Pupae of Cnephasia longena Haw., .




Figure 15. Adult female, Cnephasia longana Haw.

Figure 16, Adult male, Cnephasia longana Haw,
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~Life Histogxgofmbheph&Sia‘iongana}Haw.

The omnivorous leaf tier Cnephasia longana overwinters as first instar

larvae. Activity is reésumed from the last of March aﬁd continues through-
out April. The young larvae are carried by wind and air currents at this
time and in this way are enabled to establish themselves over a wide area.
The first and second instar larvae are typical leaf miners of wvarious
plants. The larvae of the third instar apparently leave the internal part
of the leaf and feed on the external surface. There are six larval instars
during which the larvae pess through a progressive series of color varia-
tions (salmon color to lirht grey). The larvae become mature during June
and July. The insect then passes through a wvery short prepupal period
before pupation occurs. The duration of the pupal stage averages about
two weeks and may be found in the field from the middle of June to the
middle of July. Adult moths emerge from the beginning of July until the
first of August and probably feed on. flower nectar. Female moths will
deposit an average of 65 eggs and deposition begins several days after
emergence from the pupae. LEggs are deposited singly and in clusters over
a period of a week or more. There is apparently no difference between the
number of eggs laid by virgin or fertile females. The eges hatch on an
average of about two weeks and the newly hatched arparently do not feed,
but establish themselves in protected locations where they spin a hiber-
nacula and overwinter in this condition. There is but one generation of
the omniverous leaf tier a year and apprroximately eleven months are spent
in the larval stage. The larvae is active only two of these months while
nine are spent in hibernation.

Economic Importance of Cnephasia longana.

The Omnivorous leaf tier is kncwn tc attack 95 different species of




Figure 17.

Injury to terminal tips of hops by

Cnephasia longana Haw,

e
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plants. Thirty-three of these plants are of economic importance. Consider-
able damage to flax and strawberries has been reported during the last

three years. Other economic plants include sugar beets; iris, peas, veteh,
clover, alfalfa, gooseberries, walnuts, hops, birech, and poplar seedlings.
The injury to hops occurred in yards in the vicinity of Woodburn and Wt
Angel, COregon. These yards were in close proximity to flax fields and
apparently hops are not a favored host plant of this insect. The dama.ge

is caused by larval feeding and destroying the terminal buds of the hop
vine. The lateral shoots whicﬁ develop at this point add increased labor

costs to the practice of stringing the vines.

Control of Cnephasia longansa.

l. Biological Control. A number of parasites are natural enemies

of C. longana, and in some instances are noted to exert considerable in-
fluence on the relative abundance of the host. A list of these rarasites
is given as follows:

FPhytodietus burgessi Cress.

Glypta spe.

Dioctes eureka Ashm.

VMicrobracon hyslopi Vier.

Microbracon gelechiae Ashm.,

M. gelechinae has been the most effective parasite of C. longana
averaging in some instances from 15 to 20 percent control. There are
also a number of undetermined parasites and predators which likely play
some role in this phase of control. Investigations into the mass pro-
duction and liberation of these parasites have not been attempted but

this important possibility of control should not be overlooked.
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2+ Cultural methods. Crop rotation studies have shown some pos«
sibilities fof contr§1 of C. nephasia on flax. Populations of this
insect were consistently low over a two year period When flax was planted‘
on new ground. Infestation on the other hand was consistently high when
flax was planted after legumes. Control of this kind may prove to be
satisfactory of C. longana on flax but different control methods are
necessary on strawberries and hops. It is also possible that cultural
control of C, longana on flax may increase its economic importance to
hops and other crops.

5+ Chemical control. Preliminary toxicological investigations were

undertaken in the field and laboratory by G. R. Ferguson during the bi-
emium 1957-19%8. Laboratory studies showed that lead arsenate, calcium
arsenate, sodium fluosilicate, barium fluosilicate sodium fluoaluminate,
pyrethrum and rhotenone dusts did not give satisfactory kill. Dinitro-
o-cyclohexyl phenol at 8% in walnut shell flour gave 70% kill in the
laboratory. This material was also shown to te very toxic to flax plants.
DNOCHP is a new material which 1s in the experimental stage of development.
It was used on hops during 1958 and gave satisfactory results on red
spider. 4 discussion of its action on plants amd pests is given on pagqﬁﬁl.
Field tests indicated that rhotenone and pyrethrum dusts had some

promise of control on strawberries but results were not conclusive.
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THRIPS

Three species of thrips were taken from hops (Late cluster variety)
at the experimental yard east farm Corvallis, Oregon, July 30, 1938.
They were determined by Dr. Floyd Andre of the United States Department

of Agriculture at Washington, D. C. as Thrips tabaci Lindeman, (Onion

thrips), Franklineilla multoni Hood (Western flower thrips), and

Aeolothrips melaleucus Haliday. The descriptions of these species are

given as follows:

Family - AEOLOTHRIPIDAE (1)

The antennae are nine segmentede Ocelli are present in both sexese.
The mexillary palpi are three segmented, and the labial palpi two or
four segmented. The wings are large, broad, and rounded at the outer
ends. In addition to a heavy ring vein, each fore wing has two longi-
tudinal veins extending from its base to tip, where they unite with the
ring vein on each side of the tip, while the hind wings have only a
vestige of a median longitudinal vein. Four or five cross veins are
present in each fore wing. The fore wings are without a fringe upon
the front edge, though some more or less stout hairs are present in
some species. Both sexes bear a peculiar hook-like appendage on the
underside of the second segment of each fore tarsuse. The ovipositor of
the female is bent upward so that its convex side is ventral. The males
have the first abdominal segment much longer than the second. The
members of this family run rapidly, having very long legs, but they do

not appear to have the power of springing.
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Genus - AEOLOTHRIPS Haliday | (1)

| Head about as broad as long. Ocelli présent in both sexes.
Antennae nine segmented, the last three or four segments being very
much shorter thgn the preceeding and closely joined together; third
segment much longer than any other. Maxillary palpi three segmented,
geniculate. Prbthorax about as long or a little longer than the he#d,
without large bristles. Legs very long and slender; fore femors some-
what thickened in both sexes; hind femora broadened; fore tibise un-
armed; second fore tarsal segment, in both sexes, with hook=-like ap=
pendage. Wings usually present in both sexes; fore wing somewhat
narrowed before the middle; fore part of ring vein furnished with very
short hairs, which hardly overreach the edge of the winge. Fore wings
white, with two broad, dark cross bands. First abdominal segment of
the males much longer than the second, and the ninth segment is drawn

out at the hind angles into short clasping organs or hooks.

Species melaleucus Haliday (2)

"This species comes near fasciatus. The third antennal joint is
wholly whitish and the fourth is yellowish basally; the whole of the
fore wing is dark brown except the base and apex and a median patch
on the fore margin oecupying about one sixth the length and extending
in depth to about the hind vein." Halidey's original description may
be translated as follows: "Black: base of fore wing, & spot on mid
costa and the apex white, third joint of antennae elongated, white."

Bagnall saw only two females taken at Besselsleigh, Berks, England.

On Hazel (Corylus)



Female, Aeolothrips melaleucus Haliday

b
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Family THRIPIDAE (1)
. "phe members of this family have from six to eight segmented

antennae (apparently nine segmented in Anaphothrips striatus and

Pseudothrig§‘inequalis)g the segments beyond the sixth are usually

short and form wha£ is called the style. Maxillary palpl are usually
three, sometimes two segmented; labial palpi never composed of more than
two segmentse. The wings of Thripidae are usually slender, gradually
tapering more or less and pointed at the tips. The fore wings, as &
rule, present two parallel longitudinal veins, the front one running
from the base to near the tip of the wing; the hind vein appears

usually as a branch from the fore vein at about one-third the length

of the winge Wometimes, however, all connection between these veins

is wantinge. Cross veins are rarely visible, though traces of them ocan
sometimes be seen. The ring vein is not usually very heavy or prominent.
A fringe is generally present upon the front margin of the fore wing,
but may be vestigialy, More or less stout spines are found along the
veins and costa of the fore winge. The hind wing has one median,
longitudinal vein without spines and no eross or ring veins, but the
costa bears a fringe. The ovipositor of the female is bent downward,

l.es, concave side ventrals"

Genus - THRIPS Linnaeus (1)

"Ocelli presente Antennae seven segmented (style one segmented).
Maxillary palpi three segmented. Prothorax regularly somewhat longer
than the head; two long spines always present upon its posterior anglese.
Fore legs usually unarmed. Wings usually present, moderately broad,
with fore fringe developed and veins set with short spines. The species

belonging here have the power of springing."
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Species tabaci Lindeman (1)

"Female. Length about lel mm.; width about one-fourth the length.
Color quite wuniformly light yellowish varying to brownish yellow.

Head one-fifth wider than long; cheeks slightly arched behind the
eyes; frons slightly arcuate between them; oceiput indistinetly trans-
versely striated; hairs upon the head few and minute ; eyes not protrud-
ing, coarsely granulated, very dark red by reflected light, black by
transmitted light, sparsely pilose; ocelli subapproximate, standing well
back to the line of the hinder edge of the eyes but posterior ocelli not
contiguous with margins of the eyes; color light yellow, margined inwardly
with light brown crescents. Maxillary palpi three segmented; first and
third segments equally long, second shorter. Antennse seven segmented;
relative lengths of segments as follows:

1 2 3 L 5 _6 7
LL 87 TI.I To Bs6 106 I

Segment one short and globose; two barrel-shaped; three to five
pedunculate, elongated ovoid; five joined by moderately broad surface to
base of six which tapers somewhat from its middle to its apical end;
seven tapering slightly, blunt at apex. Segment one lightest in color,
clear light yellow; two, six and seven uniformly light greyish brown;
three light brownish yellow; four and five colored like three at their
bases but apices nearly as dark as six.

Prothorax as long as head, one-half wider than long; pronotum, in-
distinctly transversely striated and sparsely clothed with small spines;
each hind angle bears a pair of very stout, conspicuous spines, and
between these pairs, along the hind edge of the pronotum, stands a row
of three smaller spines on each side. Metathorax one-third wider than

prothorax; metanotal plate bears a few small spines.



Wlﬁgs about . one-fourteenth és broad as long, slightly colored with
llght yellow; sostal frlnge of fore wings composed of short stout
bristles intermixed with a row of shorter spines. Fore longltudlnal
vein bears from ten to twelve spines arranged in three groups as follows:
Two groups upon the basal half of vein, the first of three of four spines,
the second group of three, and beyond the middle of the wing four to six
spines scattered at considerable distances along the vein to its tip;
when only four are present in the last group they stand out at nearly
equal distances apart; hind vein bears from fourteen to seventeen spines.
Occasionally one or two cross veins may be seen between the fore vein
and the costal at one and two-thirds its length, but usually they are
not present; hind vein arises from the fore vein at about the middle of
the second group of spines. Hairs composing posterior fringes on both
wings are long, slender, wavy and 1lizht colored. Legs concolorous with
body or somewhat lighter, quite long end slender; second segments of
tarsi ruch longer than first; spines on inner side of hind tibiae weak,
except the pair at 1ts extremity; legs sparsely clothed with fine hairs.

Abdomen as wide or slightly wider then the mesothorax, about twice
as long as wide; each dorsal plate of segments two to eight marked near
its anterior edge with a narrow, transverse line of dark chestnut-brown
color, widest at its middle and tapering gradually toward the sides,
disappearing at the upper edge of the groups of three to five short
spines which stand upon these segments just above the pleural plates.
Posterior edge of ninth segment bears a circlet of eight long, stout
spines, most prominent dorsally; terminal segment bears six spines which
are nearly as long as preceeding; besides these long spines both of these

segments bear a few finer spines. Redescribed from many specimens."”






"Male. Head and abdomen yellow1sh white; thorax yellaw. The first

two antennal segments white; the thlrd at the end very weakly, the fourth
‘and fifth mqre strongly shaded with gray; the sixth is gray, at the base
or even to the middle white; the seventh segment entirely gray. Wings
present. Uzel."

Synonomy. Limothrips tritici; Thrips sp.; Thrips striatus; Thrips

8lli; Thrips communis; Thrips tabaci; Onion thrips.

Genus - FRANKLINIFLLA EKarny 1910 (1)

Synonomy. Buthrips, Targioni = Tozzetti; Physopus, Amyot and Serville;
Frankliniella; Karny, (accepted as Frankliniella by Hood 191li and Morgen
1925).

"0ecelli usually present but sometimes more or less rudimentary.
Antennae eight segmented. Maxillary palpi three segmented. Prothorax
as long or somewﬁat longer than the head with two spines upon each hind
angle and one similar spine upon each anterior angle in many species, but
this is wanting in others. Legs usually unarmed, but in a few speciles
with a stout tooth on the under side of the fore tibia at end. Wings
usually fully developed but sometimes reduced. ¥hen present they are
moderately broad, have two longitudinal veins which are set with numerous
stout spines at regular intervals in those species having a spine at the
fore angle of the pronotum, Spines upon abdomen moderately stout; anal

spines long and slender. These species are active and can spring.

Species = moultoni Hood (3)
Synonomy. Futhrips tritiel californicus; Frankliniella Moulton 19073
Ctritiel moultoni Hood 191li; Frankliniella moultoni Morgan 1925; Western

flower thrips.
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"Taken‘in;company with Buthrips tritici (Franklinielyé‘tritici)'
“in tﬁe blossoms of almost all wild and cultivated’plants. bTheﬂvariety
is distinguished from tﬁe species by the following characteréz General
color unifdrmly dark brown; thorax orange brown; segment 1 of antemnae
brown, unicolorous with head; segment two uniformly darker brown.
Fabitat California, Oregon, Washington."

Note: A description of Frankliniella tritici must be carried along at

this point because Moulton contrasted the distinguishing characters of
Frankliniella moultoni with F. tritici rather than making a complete

description.

Frankliniella tritici Fiteh (1)

Synonomy. Thrips tritiei; BEuthrips tritiei; Frankliniella tritici.

"pemale. Length sabout 1,22 mm.; width about 0.26 mm. General color
brownish yellow, thorax tinged with orange. Heed three-fourths as long
as broad and four-fifths as long &as prothorax, but slightly withdrawn
therein; cheeks but slightly arched behind the eyes and converging
slightly posteriorly; anterior margin very nearly straight; back of head
transversely striated. Eyes large, dark, and slightly pilose, occupying
together about three-fifths the width of the head; ocelli present, sub-
approximate, pale yellow, marginated inwardly with bright reddish orange
crescents; spines between ocelli on each side long and conspicuous; post=
ocular spines shorter. ¥axillary palpi three segmented. Antennae nearly
two and one-half times as long as head; relative lengths of segments:

1 2 3 L 5 6 7 8
z B®7 1% 1.3 BB 125 7.2 I
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Color: One pale yélloﬁ; two light Brown, base‘sometiﬁes yeliowish;
three light yellow in basal half, réemainder shaded light brown; four
and five brown, yellowish at basés; six, séven, and eight brown, Séines
upon entennal segments, especially two to five, quite stout ana éon-
spicuous,

Prothorax rather rounded, three-fourths as long as broad; one pair
of stout spines at each angle, also one short anteriorly directedbspine
standing close to lower one of each fore pair; between each posterior
pair and median line stands a row of five spines, number four alone being
large; color of prothorax pale orange-yellow, llesothorax rounded at
anterior angles; mesonotal plate with one stout spine at each lateral
angle and two pairs of small spines on posterior margin, Metathorax
tapering but slightly posteriorly; metanotal plate bearing four spines
close together at anterior edge, the middle pair being much more stout
and conspicuous, Wings nearly reaching the end of abdomen; breasdth at
middle about one twelfth their length; shaded but slightly; each fore
wing has two longitudinal veins extending from base to tip of wing;
spines on veins at regular intervals; costa twenty-six to twenty-eight;
fore vein twenty to twenty-two; hind vein fifteen to eighteen; scale five,
interior of scale one; a lizht, sparse fringe on costa of each wing;
posterior fringes heavy and wavy. Legs clear pale yellow, sometimes
slightly shéded with light brown above, quite thickly set with short
brown spines; a pair of stout spines at extremity of each tibia; rows
of spines on inner side of hind tibiae rather wealk.

Abdomen eylindrical-ovate, pointed at apex; dark brown stripe
across segments two to seven near their anterior edges; dorsal plates,

except nine and ten, shaded more or less with brown; <three or four
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mdderateiy stout brown spines stand out prominently ﬁpon the pale yellow
sides of segments two to eight; te}minal spines long, stout, and dark
colored; tip of abdomen dark brown. Redescribed from eight females,"
"Male. Length about 0.7 mm. (0.6l to 0.80 mm.); width of mesothorax
0.195 mm. (1.18 to 0.22 mm.). General color pale yellow, darkest upon
pterothorax,
Eyes somewhat smaller than those of female. Antennae about two and
one~-third times as long as head. Relative lengéhs of segments as follows:
1 2 3 Ly 5 6 7 8
¥ 8 II T3 79 Io.T T8 2
Wings large and reaching beyond the tip of abdomen., End of abdomen
(ninth segment) bluntly conical; tenth segment retracted and not reaching
the tip of the ninth; nine bears four pairs of long, stout, dark spines,
of which one pair stands on each side near the tip; near the middle

above stand two short spines described from four specimens,"

(1) Hinds, W. E. Contributions to & monograph of insects of
the order Thysanoptera inhebiting North America. Proc. U. S. Nat. Mus.,,
Vol. 26, No. 1310, pp. 79~2L43. 1903,

(2) Bagnall, R. S. Ent. ¥o. Mag. 56, p. 60-62, 1920,

(3) Moulton, Dudley. U. S. D. A. Tech. Series, No. 21,

p. 28, 1911,
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Figure 20,

Female, Franklinielles moultoni Hood
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Life History of Aelothrips melaleucus Heliday.

This species was described by Bagnall in 1920 from two females
taken on Hezel at Besselsleigh, Berks, England. Ross and Putmsn obe

served a few nymphs of A. melaleucus attacking red spider in the field.

Under experimental conditions the nymphs also fed on Oriental fruit

moth eggs. (Economic insect fauné of Niagara peach orchards, Vineland

Station, Ontario, Cenada. L6 Ann. Rept. Ent, Soc. Cntario. 1933).
Moulton, (Canad. Ent. 61, p. 286, 1929) captured one specimen on

Viburnum sterile at Vermon, B.C. He mentioned the similarity and

possible synonomy of A, melaleucus with A. annectans Hood and A. auricestus

Treherne. A. snnectens is distributed throughout Maryland, Virginia,

Wew York and is freguently taken in British Columbie where it is thought
to be predaceous on Onion thrips. A. auricestus has been collected and
described by Treherne in British Columbis. (Canad. Ent. 51, 1919).

The life history of A, melaleucus has not been studied, and after
e thorough review of literature, this species was epparently taken for
the first time in the United States by the writer from Late Cluster hop

vines, Corvallis, Cregon, July 30, 1938,

Life History of the western flower thrips.

The western flower thrips (Frenkliniella moultoni Hood) was originally

described as a variety of F. tritici and has been frequently taken with
this latter species in blossoms of many wild and cultivated plants. Little
attention has been given the western flower thrips prior to 193l when it
was learned that it was a vector of the tomato spotted. Little is known
of its life history and most information has been taken from unpublished

notes., The adults and/or larvee probably overwinter in alfalfa or other
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green fields in California and migrate to citrus orchards early in the
spring. ,ConSideraﬁlé'damage hés'béeﬁ repor£;d to grapefruit in certain
seasons. The eggs are debosited in the matgre fruit whi¢h causes them \
to become severely'silvered. The average length of the egg stage is
sbout five days. Larvae attack the blossoms and newly formed fruit
causing them to fall from the tree. The average larval period is about
two weeks., Pupation occurs in the soil and six to eight days are
required to complete the prepupal and pupal stages. The average life

cycle of F. moultoni is about twenty-five to twenty-six days. Females

ere believed to live on sn average of three weeks. Larval action on
grapefruit is limited to about two weeks and after this time this thrips
apparently moves to a different host. To control measures against F.

moultoni have been reported.

Life History of Onion thrips.

The onion thrips, (Thrips tabaci Lind) wes introduced from Europe

end was first noticed in the United States in 1872, Its spread was very
slow until 1907 when it appeared simultaneously over all the United States.
Since then it has attracted more or less attention throughout the United
States, Canada, and Mexico.

This insect attacks many plants such as onion, cabbage, beans, peas,
and nearly all vegetable and truck crops. Flower and ornamental plant-
ings are often severely damaged in greenhouses and nurserys. Numerous
weeds, gresses, grains end other field crops are listed among its host
plants, It has been proven %o be a vector of the tomato spotted wilt
and the pineapple yellow spot and thought to be a vector of a streak in

peas and the spinach mosaic.
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Adults and nymphs overwinter on plants or refuse in or #bout the
field. ‘The femeles lay their eggs early in the spring by depositing in
the leaves and‘tissue of plents. Thé egg hatches in about five to six
days and the nymphs attain their growth in about two weeks. Pupation
occurs in the soil and about six to ten days is required for the nymphs
to pass through the prepupal and pupal stages. The average life cycle
of this thrips is about twenty-six days in New York and twenty-one days
in Texas. The female lives about three weeks and will deposit approxi-
mately LO to 50 eggs. There are about three or four generations per
year in New York and five or more in Texas., Nicotine Sulphate spray
(1-4,00) with the addition of approximately 1 percent of soap is commonly

recommended for the control of this insect.

FEconomic importance of thrips to hops.

Thrips are considered of minor economic importance to hops but
1ittle is known of their relationship to this host. Species of the
genus Aeolothrips are generally considered to be predaceous on other
insects, but Childs (J. E. E. 20, 805-808, 1927) found that A. fasciatus
was responsible for "pansy spot" ( an oviposition injury) on apples.

A. melaleucus was taken with the western flower thrips and the onion

thrips on hop plants and was ?robably predaceous on these and other insects.
Decided silvering of hop leaves was noted and attributed to thrips

injury on many of the hop vines at the Experimental hop yard, Corvellis,

Oregon, in 1938. The onion thrips and/or the western flower thrips were

probably responsible for this demege. Both species are proven vectors

of certain virus diseases and mey contribute to the virose symptoms

which are sometimes noted in many hop yards throughout the Willamette
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Valley. The reddening or russeting of mature clusters Whicﬁ'is”commbnly
attributed to moisture or fertilizer factors may be thrips feeding
injury. Studies on the life history, economic importance, biology,

habits and control of thrips should be undertaken.
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Hop Butterflies

Several butterflies of the genus Polygonia sometimes cause trouble
to hop growerse. The descriptions of these species, P. satyrus, P. in-

terrogationis, and P. comma are given as follows: (Seudder, S. H.,

Butterflies of Eastern Ue. S. and Canada., Vol.l, 1889.)

Polygonia satyrus Edwards:

Synonomye. Vanessa satyrus; Grapta satyrus; Nymphalis satyrus;

Polygonia satyrus satyrus; Grapta marsyas; Nymphalis marsyas; Polygonia

marsyas; Vanessa satyrus var. marsyas; the wandering comma; comma butter-

fly; hop butterfly.

#ZEE&E' Head covered with long ferruginous and olivaceous hairs,
the latter predominating along the middle, the former at the sides, mingled
next the outer bases of the antennae with yellow hairs; behind the eyes a
fringe of mingled ferruginous, dusky ferruginous and yellow scales. Sides
of palpi pale buff on the basal half with scattered ferruginous hairs,
the apical joint dark ferruginous, extending baseward in a tongue along
the upper part of the middle joint as far as the eye, the upper edge
nevertheless buff, and a line along the inferior edge of the fringe fer-
ruginous; antennae black-brown above, feebly flecked with scattered, dull,
pale scales, naked and testaceous along the inmer side, bemeath white in
triangular patches, as long as the joints, having their apices at the tips,
or only on basal half, the apical black-brown; club black-brown above,
more abundantly and distinctly flecked with ye'low, white and ferruginous
scales, within and beneath naked, bright castaneous, all of the last three
joints naked, luteous. Tongue lutecus at base, with the sides infusecated,

beycnd blackish laterally.
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"phorax covered above with silky olivaceous and greehish-gray
hairs, beneath with mingled yellowish white and pale ferruginous hairs,
the latter predominating. Fore legs with similar hairs, but also clothed
with velvety black scales down the middle, and with pale buff ahd silvery
white scales on the sides; other femora heavily clothed with mingled
tawny and dark ferruginous scales, flecked with pale scales of various
tints, and especially often fringed with a line of yellow scales along
the lower inner edge; tibiae and tarsi uniform pale buff. Spines, spurs
and claws castaneous, the last deepest; paronychia pale castaneous;
pulvillus blacke.

"Wings above rather light fulvous orange, deepening toward the base,
merked with black and fuscous or fusco-ferruginous. Fore wings with the
upper portion of the outer border slightly conoave, the subcostal denta-
tion distinctly less than rectangular, that at the tip of the lower
median nervule hardly less prominent, sometimes not more than rectangular,
the whole outer margin distinctly crenulate. The costal edge is indistinct-
1y yellow, rather inconspicuously interrupted with black on the basal
half. In the cell and the interspaces below it are black spots, which
exactly repeat those of P. couma, excepting those of the lower median
interspace, the outer of which is usually rectangular in form, and the
inner, at the extreme base, larger and more distinet than in comma, where
it often is almost absent; here it is sometimes almost as large as that
below ite The outer dark margin is precisely as in comma, excepting
that it is nearly obscured by grayish below the lower median nervule, or
at least below the middle of the medio-submedian interspace. The mark-

ings at the apex of the wings, within the dark border, are also exactly



112

‘as in comma, exceﬁting that the band depending from the costa, midway
between the apex of the cell and the tip of the wing, is darker fer-
ruginous, decidedly fuscpus or even blackish. On the lower half of the
wing there are sometimes no markings just wifhin the border, excepting .
a dusky, more or less ferruginous, triangular spot with blurred edges,

in the middle of the outer half of the medio-submedian interspace, and
faint triangular lunules seated on the dark margin, scarcely paler than
the ground; but these lunules are usually distinctly paler, and follow=
ing them on the inner side there are often some deep ferruginous fleckings,
forming, with the dusky spot below, a ferruginous cloud. Toward the base
of the wing the orange becomes much deeper and warmer, and at the extreme
base is somewhat infuseated; along the lower margin it is more or less
obscured by grayish fuscous; fringe as in comma. Hind wings with the
outer border considerably crenulate, the dentation of the upper median
nervule twice as long as broad, scarcely tapering, rounded at the tip,
especially at the upper corner; the costal proiection considerable,
strongly rounded; the upper subcostal rectangulare. Three distinct black
spots in the basal half of the wing; one an oblique, transverse bar
depending from the middle of the costa and reaching the middle subcostal
nervule, followed above by a slightly paler tint to the wing; an obliquely
transverse bar at the extreme base of the lower subcostal and upper half
of the subcosto-median interspace, parallel to the first, and with its
outer margin sometimes =2lmost continuous with the inner margin of the
first, but ordinarily removed inward by half its width; the third a
triangular patch at the extreme base of the upper median interspace, oc-
casionally followed toward the base by an obscure grimy extension which

loses itself in the considerable infuscation of the base of the wing.
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The outer margi§~of thé wing has a dark border of the same width as

that of the costai margin, deepest within, but not nearly so dark as on
the fore wings, being fuéco-ferruginous at darkest and sometimes merely
ferruginous, its outer half more or less obscured by gray or pale tawny;
it is followed within, in the heaviest marked specimens, by a similar

but more cloudy belt united with it at the costal extremity and separated
from it by a series of laterally comnected, ill-defined, pale lunules,
generally clearer than the ground color of the wing, sométimes reduced

to small, pale spots, roundish in the urver, transverse in the lower half
of the wing; fringe much as in fore winge.

"Beneath, varying from dark to light brown on the basal half, more
or less ashen gray, especially in the male, on the outer half, the whole
often tinged strongly in the male with dull olivaceous. Fore wings with
the position of the markings and their general tone and value precisely
as in comma (the sexes differing also as there), excepting that the
linear streaks in the cell are more decidedly longitudinal, almost com-
pletely parallel to the subcostal nervure, with scarcely any obliquity,
the lower of the two outer ones ummargined and independent, often obscure,
and nearly twice as long as the others. The same is true of the hind
wings, including the central silvery comma, the only distinction lying
in the less vivid variegation of the c¢olours in satyrus, the more dis-
tinctly black-edged margin of the basal field and in the male the more
frequent and pervading yellow ground tintse.

"Abdomen above black with tawny scales and hairs; beneath of the
prevailing tone of the under surface of the wings. Appendages of the

male: upper organ exactly as in comma; clasps fully twice as broad as
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long, broadest below, the angles well rounded, the upper posterior
angle produced to a small, triangular, incurved lobe, almost pointed
at the tip; basal process of upper margin very similar to that of

comma but its apiecal half bent downward at a stronger angle.

Measurements in
millimeters MALES FEMALES

Smallest Average largest Smallest Average largest

Length of fore wings 22, 26. 27.5 26, 28.
antennae. « « o« o 1.6 1.
hind tibiae and

£arSi « o o o o 7.5 943 9.25 9. 8.75
fore tibiae and
tarsi ¢« ¢« ¢ o 3.75 05 05 305 )405

Described from 5 males, 2 females,

"Caterpillar. Last stage. Head black, angular, with a spiny

tubercle at each of the upper angles; body black, with a broad, greenish
white, dorsal stripe, which on the anterior segments is clouded with
black; on each segment, on this stripe, is a fine V-shaped, black mark,
having its angle at the dorsal spine; an infrastigmatal greenish white
line. Dorsal, laterodorsal, and infrastigmatal spines greenish white;
laterostigmatal spines black; the spinules of all the spines concolorous,
excepting that those near the tip of the pale spines are blackish (adapted
from Streteh).

"¥r. H. Edwards found in California little variation in the cater-
pillar, "the markings...being remarkably constant in every instance."

Mr. Mead, on the contrary, found much variation in Colorado.
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4"Ch£xsﬁlis. ﬁFawn colored, with a few darker»markings irregularly
placed” (H. Edwards),’eSPecially next the inner margins of the wing covers,
and on the abdomen; the base of the wings is sometimes obscurely darker
than thehfip, the two separated by an 6b1ique line extending from the apical
wing tubercle to the middle of the antennae, the surface being slightly
angulated along this line; on the abdomen, a distinet, dark, sometimes
black, stigmatal band, bounded above by the upper edges of the stigmata, below
by the infrastigmatal tubercles, darkest below and in its continuation on |
the sides of the cremaster; a slender, clearer, dorsal line, and from thé
fourth segment backward a series of clouded oblique stripes from the
laterodorsal tubercles backward and inward; the tips of these tubercles
and all the suprastigmatal series paler than the ground; the metathoracic
and first two abdomiral tubercles of the laterodorsal series "silver, the
posterior with a trace of gold" (H. Edwards); mesonotal tubercle high,
compressed, fully as high as broad, nearly as high anteriorly as posteriorly,
and shaped generally much as in interrogationis. Fourth abdominal latero—
dorsal tubercles conical, the curve of their separation exactly as in

interrogationis. Length, 21 am; height at mesonotal tubercle, 8.5 mm."

Polygonia interrogationis Fabr:

Synonomy. Papilio interrogationis; Cynthia interrogationis; Grapta

interrogationis; Vanessa (Grapta) interrogationis; Polygonia interrogationis;

Vanessa c-aureum; Nymphalis interrogationis; Grapta interrogationis var

fabricii; Vanessa p. interrogationis; Grapta fabricii; Vanessa fabricii;

Nymphalis fabricii; Polygonia interrogationis wibrosa Papilio ceaureum;

Grapta c-aureum; Vanessa interrogationis; Grapta interrogationis umbrosa;

Grapta umbrosa; Grapta crameri; The violet tip; semicclon butterfly;

Semicolon vaness; hop merchant.
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"Imago. Head covered above with olivaceous hairs posteriorly, and

vinous ﬁith many intermingléd pale or whitish ones in the middle and
anteriorly, the sides with reddish fulvous scales backed by whitish ones;
palpi pale or whitish straw color beneath; on the sides, the first joint
white with s few scattered fulvous scales, the middle joint white on k

the basal outer half, the apical upper hglf heing brownish fulvous and

the superior fringe the same, mingled with yellowish, especially at the
apex; apical joint like the apical half of the middle joint, the lower
outer surface with distant, delicate, not very long, black hairs; antennse
above blackish, some of the basal joints very delicately annulate, with
fulvous at their base; beneath, where naked, pale luteous, edged exteriorly
on the scaled portion, countinuously or nearly so with white, much more
broadly at the bases of the joints than at their apices, extending to
about the middle of the basal half of the club; club like the stalk,
excepting that the apical three joints are bright lutecus above, luteo-
fuscous below; tongue very pale luteous, darker in the middle at the

base and darker beycnd the first whorl.

"Thorax covered above with olivacecus brown scales and hairs, beneath
with mingled vinous browr and pale hairs; fore legs fringed with the same,
but dark reddish brown mingled with black in a slender stripe down the
middle of the front; femora of the other legs nacreous, excevnting on the
inner under surface which is reddish brown, sprinkled with a few pale
scales, and the tip which 1s yellowish or white; rest of legs pale straw
yellow with a brownish tirge, paler on the tarsi than on the tibilae.
Spires dark reddish brown, sometimes luteo~-castaneous; spurs yellowish,
tipped with reddish brown; claws casteaneous, paler at base, darker at ¢ip

and along the under edge; paronychia yellow; pulvillus black.
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™Wings ebove dark fulvous orange, clouded on apical half with dark
cinnamoneous brown or dark ferruginous and spotted on basal half with
black. Fore wings with upper portion of outer Border straight, receding
at an angle of about L5°; dentation at tip of lower median nervule slight,
angulated; lower angle produced considerably downward, well rounded;
outer margin scarcely crenulate, powdered at base as far as origin of
first median nervule with scarcely perceptible darker scales; costal edge
yellowish,‘faintly'narmorate with reddish; in the middle of the cell are
two rather small, roundish, élightly unequal, black spots, the upper
smaller, subquadrate, trensverse, depending from the subeostal nervure
et its first:div&rication, reaching froﬁ one-quarter to one-third way
across the cell; the lower a little further from the base, opposite a
point midway between the first and second median nervules, in the middle
of the lower half of the cell, but not touching the median nervure, roundish,
or, if ovate, lorgitudinal, slightly larger than the upper. Crossing the
apex of the cell, the boundary veins of which pass through the middle of
its interior half, is a large transverse bar, reaching below the median
nervure, which it generally touches only by its inner edge, fading out
above the subcostal nervure, of variable shape, but usually narrower
below than above and in the middle one-half as broad as its length. Sub-
parallel to the median nervure, and distant from it by nearly the width
of the cell, is a nearly straight series of three pretty large, subequal,
roundish spots in the median and medio-sutmedian interspaces, the upper
and lower nearer the upper border of their interspace than the middle
spot and generally touching it; midway between the lower median spot and
the base of the same interspace is a more or less distinct blackish gp

reddish spot, the continuation of the medio-submedian spot, but clearly
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separatéd'frém it’by the fulvous nervule; in the subecosto-median inter-
space, separated but a little from the transverse bar at the’tip of the
cell is a longitudinal, triangular, blackish fuscous dash or sPot,'its
borders blurred, its apex outward and generally near the bottom of the
interspade; it is about as large as the upper median spot. Beyond this,
and separated from the basal portion by a limit which passes in a‘bent
and curved direction from the costal margin, opposite the base of. the
third superior subcostal nervule, to just beyond the middle of the sub-
costo-median interspace, and through the middle of the median nerwvules
to the inner border, where the submedian first approaches it closely,
the wing is clouded with-the cinnamoneous tint, infuscated and sometimes
deepening into black by more or less frequent black flecks, on either
side of the median area, and enclosing a somewhat obscure, sinuous, sub-
marginal series of orange fulvous spots in all the interspaces,sub=-
parallel to the outer border,yt%eir outer limits distant from the outer
border by the width of an interspace below the subcostal area, and by
double that distance in the upper part of the wing; the spots subtriangular,
their apices inward, ill-defined, of variable size, the upper ones often
connected; the outer border is sometimes a little infuscated next their
outer limits, and in the lower two subcostal interspaces generally deepens
to a minute blackish crescent, followed by a short fulvous line; the whole
outer border is rather narrowly edged with a pale bluish bloom, broadest
next the nervule tips, and following them a short distance in the subcostal
region; fringe cinnamoneous, tinged with dusky olivaceoﬁs in the middle
of the wing,binterrupted with yellowish in the interspaces in the upper
half of the wing and more or less overlaid by the bloom. Hind wings with

the outer border very little crenulate, the tail of the uiper median
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nervuie two or three times as long as 5road,(the sides:neérly parallel;“
the projection at the upper subcostgl nervule slight,va little angulated,
that at the lower angle small. Color”the'same 6fangé.and ciﬁnam&ﬁeous
tints as on the fore wings; the latter tint oceupying relatively more of
the outer portion than oﬁ the forékwihgs, and sometimes suffusing‘nearly
the whole of the wing and particularly the lower half; there is a iarge
transverse black bar crossing the upper subcostal and most of the costo-
subcostal interspaces, broken by the upper subcostal nervule, which it
strikes in the middle of its basal half, a little further out below it
than above; there are two other small black or blackish spots; one oc=-
cupying the extreme base of the upper median irterspace, the other fol-
lowing the extreme base of the lower subcostal nervule and crossing
part of the base of the upper subcostal interspace in direct continuation
of it; there is a submarginal series of indistinctly limited, triangular,
fulvous spots similar to those of the fore wings, parted at the upper
median nervule and lying at a distance from the outer border, to which
they are parallel, by a little more than on the lower half of the fore
wings; whole ocuter border, including the whole of the tail, and also the
costal nervure edged as in the fore wing; fringe cinnamoneous, inter-
rupted in the interspaces by pale olivaceous brown, overlaid in part by
the bloom.

"Beneath of a general wood brown tint of varying shades, made up of
a very intimate and varying commingling of ochrey yellow and paler or
deeper cinnamoneous scales, nearly the whcle, but especially the basal
two-thirds, more or less but almost always very slightly, washed with
an exceedingly delicate pale bluish-hoary or plumbeous bloom, all the

contrasts much more distinct in the male than in the female. Fore wings



with the basal fourth of the costal margin as far as the costal nervure
white or yellowish white, heavily mottled with cinnamon brown; the limits
of the transverse patch at the tip of the cell above are marked beneath
by slender crenulate threads of cinnamon brown, between which the wing

is & little darker reddish, especially in the male; from a point on the
upper median nervule, as far beyond the tip of the cell as that is be-
yond the second divarication of the median nervure, a straight, cinnamone-
ous line runs to the middle of the basal four-fifths of the submedian
nervure; at and within this mark, the inner border, as far as the submedian,
is transvérsely and slenderly striped with dusky; and beyond this line,
with alternating narrow bars of ochraceous and ferruginous; following this
transverse line interiorly is a rather broad and nearly equal band, darker
than most of the wing, made up of ferruginous tints, darker and more Pro=-
nounced in the male than in the female, the tint diminishing in depth
interiorly, so that in the female it is hard to determine its inner limit,
but which in the male is seen to be halfway to the base of the lower
median interspace; crossing the middle of the cell is a cloudy plumbeous,
irregular, zigzag, slender, reddish-edged stripe connecting the base of
the first subcostal and median nervules, often parted in the middle and
much more distinect in the male than in the female; a similar, quite small,
ovate spot, parallel to the subcostal nervure, is seated on the median
nervure & short distance from its base; in the outer half of the wing,
excepting near the costal and outer horders, the nervules are delicately
traced in yellow; the wing is palest in this same region, being ochraceous
tinged slightly with ferruginous, and so presenting a considerable and
sharply defined contrast with the mesial band in the m&le; but scarcely

paler than the wood brown of the whole wing in the female; it is palest
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next fhe cosfal margin, but is interrupted by a large reddish~fuscoqs
cloud in the middle of the outer half of the border, more distinct in
the male than in the female, and which reaches nearly or quite to the
upper médian nervules; there is a sinuous series of nine blackish, some-
times indistinctly blue-edged dots in all the interspaces which open on
the outer border, (two in the medio-submedian interspace) obsolete or
obsolescent in the female, very inconspicuous in the male; the first is
considerably nearer the base than the.seeond, which is in the middle of
the basal two-thirds of the apical subcostai interspace; below this they
regularly recede farther from the outer border (that in the upper median
in the middle of its interspace) until the lower median nervule is pas-
sed, where they are at the same distance from it as in the lower median
interspace; beyond these the wing becomes darker again and is profusely
mottled with most delicate, short, transverse threads of dark and paler
cinnemoneous and ochraceous, much darker in the male than in the female,
the apex and lobe of the outer inferior angle more or less covered with
bloom, little dots of which--noticeable only by the lens--occur midway
between the sinuous row of black dots and the outer border of the wing;
fringe cinnamoneous, the apical half, except at the nervule tips and the
falecation, marked with white. Hind wings with an irregular mesial band
of similar width and color to that of the fore wings, and like that
deepest in tint externally; the outer edge, starting from the middle of
the costal border, passes with a more or less irregular and considerable
curve, opening inwards, to the vein closing the cell; here it stops and
starts again in the median area from the base of the straight portion of
the upper median nervule, passing in a straight line to the middle of

the medio-submedian interspace opposite the middle of the lower median
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nérvule, and is then bent and directed toward the deepest part of the
excision of the inner border;'ité inner limit is more regular and like
the exterior is edged above the subcostal with a dark cinnamoneous line;
the cell is bounded apically.by‘a rather slender arcuate stripe of
nacreous silvef, its upper extremify Just failing to reach the subcostal
nervule and generally slightly produced toward the outer border, previous
tb which it is sométimes slightly Strangled;.beyoﬁd this, next.the

median nervuie is a silvery dot, not so far from the inferior extremity
of the silvery stripe as the length of the stripe; the base of the pre-
costal nervure has also a white or silvery dot. 1In the apical half of
the wing an arcuate series of dots like those in the fore wing, that in
the lower median interspace in the middle of the outer two-thirds of the
interspace; in the male the dots are in the middle of a faint, rather
broad, double arcuate, darker band, one in the upper and one in the lower
half of the wing, parallel to the outer border; and midway between the
dots and the outer border is another series, like those of the fore wings,
of pale dots; the outer border quite resembles that of the fore wings in
both sexes, except in wanting the bloom at the upver outer angle of the
wing; fringe much as in the fore wings.

"Abdozen above black, heavily covered with fulvous hairs and scales;
beneath with intermingled hoary and fulvous scales, giving it a grayish
appearance. Abdominal appendages: upper organ; hook slenderer at the
base than in the other species, tapering throughout, as long as the body,
very slightly arched, bluntly pointed. Clasps nearly twice as broad as
long, slightly longer below than above, quadrate with rounded angles, the
upper hinder angle produced to a small, rounded, incurved, triangular

lobe about as long as broad; upper border producing at base a long and
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slender process longer than the clasp, on the basai half one-fifth as
broad as the whole 1ength; equal, curved strongly inwardkand directed

a little backward, compressed, beyond twisted so as to become depressed,
tapering regularly to a blunt poin*, nearly horizontal and directed
backward and considerably inward; interior fingef long and slender,
tapering only at tip, a little curved and scarcely surpassing the upper

border of the clasp.

POLYGONTA INTERROGATIONIS FABEICII.

Measurements in

millimetres. MALES FEMALES
tzzg:: ig. Smallest Average Largest Smallest Average largest
Length of fore wings. 31.5 32, 33,75 3L. 35, 36,
antenngae. « « « oo 16. 16.75 17.5 17. 17.35 17.75
hind tibiae and
tarsi o« o o+ o oo 10.4 10.6 11.1 10.75 11l. 11.
fore tibiae and
tarsi « « + o o0 5.25 5.4 6.2 5.25 5.1 5.65

POLYGONIA INTERROGATIONIS UMBROSA.

Measurements in
millimetres. MALES FEMALES

Smallest Average Largest Smallest Average lLargest

Length of fore wings. 28. 29.5 30.75 28,25 32.5 36.
antennae. « + « .. 15, 16. 16.2 1l. 15.5 17.
hind tibiae and

tarsi o o ¢ o oo Qols 9.8 10. 76 10. 10.6
fore tibiae and
tarsi . o o+ o o« 5e 5. 5 L. 5. 5.25

Described from 8 males, 13 females.
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Egg. Conéiderably higher éhaﬁkbfoad, somewhat narrowed apically,
broadest below the middle, with nine to eleven, commonly ten, strongly
compfessed ridgés, growing higher toward the summit, where they are
nearly half as high as the width of the interspaces at that point;
interspaces gently concave throughout, broken up by very faint lines
.025 mm. apart. Color (C. V. Riley) at first dull bluish green, after-
ward becoming grayish green with silvery reflections, the ridges white.

Height, 25 mm.; breadth, .7 mm.

"Caterpillar.

EEEEE.EEEﬁE‘ Head smooth, piceous with a bronze tinge, the
hairs and all appendages black; coronal papillae scarcely perceptible.
Bodyv rather pale green, strongly tinged with ferirugincus on posterior
half, the anterior section of the segments on anterior half pallid above
the laterel line, setting off the papillae which are everywhere brownish
fuscous; hairs erect, black, generally bent in some part of their course,
the angle rounded; the inclination is not uniform, but is usually forward
on the laterodorsal row, forward on the laterostigmatal. Spiracles
brownish fuscous. Legs and tips of prolégs blackish fuscous; rest of
prolegs like ventral surface of body, which is paler green and more uni=-
form than above. Length of body, 3 mm.; breadth of head, .5 mme

Second stage. Head shining bronze black, the hemispheres sur-

mounted by a comgound tubercle, stouter and slightly shorter than those
of the abdominal segments, all the hairs on the head arising from dis-
tinct papillae; all appendages black. Body olive green, slenderly and
inconspicuously streaked with pallid white in maculate strigae which

follow the lines of the spines; spines piceous, hairs blackish fuscous;
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.spines of»ééoond.and third thorgc;clsegments.Sligh$1y51§rger than the
others,'ali the rest unifofm,‘With subapical,aﬁd‘extremé basal circlets
of hair bearing papillae. Spiracles and prolegs color of body. Legs
dark brownish fuscous. Length 6.5 mm.; breadth of head, .75 mme

IEEEQ.EEE&Q‘ Head shining bronze black, most of the papillae
white, the coronal spines with elongate papillae, all the hairs pallid.
Body olive greeﬁ, varying in different individuals from rather light to
very dark, distinctly strigate with white as in preceding stage, the dor-
sal striga double; dorsal and laterodorsal spines variable in coloration,
those of the third thoracic and second abdominal sometimes, of the
fourth and sixth abdominal segments generally, amber yéllow, gsometimes
including and sometimes not, an annulus around the base of the spines;
the other spines are generally black, sometimes tinged with oliveceous,
occasionally pallid tipped; the hairs and thorns generally.darke.
Spiracles black with a distinct yellow annulus. Legs and outer side
last joint of prolegs black. Length, 13 mme; breadth of head, 1.55 mm.

Fourth stage. Closely resembling the final stage, but with a

darker head. Length, 22 mm,.; breadth of head, 2.25 mm,

Eiiﬁh_gﬁggg. Head uniform in color, varying from a fuscous
brown to a rather pale yellowish brown, the field of ocelli .black; sum-
mit spine stout at base and not long, the lateral spinules emitted below
the middle, the basal portion about as broad as long, the spinules
moderately slender and rather shorter than the apical portion of the
main stem, which scarcely taperse. Body varying from luteo-castaneous to
rufo-castaneous, with broad, but irregular dorsal, leterodorsal, latero-
stigmatal and ventrostigmatal, black or rich black-brown stripes, nar-

~ rowly and interruptedly edged, at least above the spiracles, with pale
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yollow or pallid, sprinkled with ivory-white papillae (also found in |
the interspeces) and much broken and obscured, especially on the dorsal
half of the body, with irregular strigae and blotches of pale yellow;
on the thoracic segments the stripes are by this means, and by the con-
fluence of séme‘of the bvlack partsiof adjoining stripes, completely
obliterated as such, and irregular, much broken, transverse, black,
vermicular strigae take their place, and here there is a distinct and
regular pale yellow dorsal line; there is also a rather slender, more
or less interrupted and variable ventral stripe, and the bases of the
prolegs are heavily clouded with black externally, merging into the
ventrostigmatal band; laterodorsal spines of the second thoracic seg-
ment noticeably longer and rather stouter than the others; spines
having the five spinules which form the wreath placed at an angle of
about LO® with the apical part of the main stem, which is destitute of
pile but generally bears three or four spinules of considerable magni-
tudes Most of the spines are luteous, though often rufous above the
spiracles, and the thoracic ones or their spinules are often wholly

blackish. Length, 35 mm.; breadth of head, 3.25 mm.

"Chrysalise. Paler or darker wood brown, tinged with dark olivaceous,
the head and thorax, but not the appendages, sometimes more or less livid
or clay-brown. Abdomen with a pale dorsal stripe, enlarging in the
middle of each segment and bordered more or less conspicuously with
greenish brown; & dusky infrastiematal line, generally accompanied above
by a moderately broad, greenish fuliginous band, bounded by the upper
margin of the spiracles; a moderately broad, greenish fuscous, ventral

stripe, margined with brown. The extremity of the tongue, occasionally
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the whole of it, and sometimes also the antemnae, blackish. ' The whole
body more or less faintly marked with an irregular web of dark brown

in impressed lines, on the wings forming a large, irregular and imper-
fect, quadrate mesh, the lines crossing the equally marked veins. The
laterodorsal tubercles of the metathorax and first to third abdominal
segments are metallic on their posterior surface to a greater or less
extent, generally silvery-nacreous; while the anterior face of most of
them in favorable light shows a golden reflection.‘ The other laterodorsal
tubercles have a pale annulus at base, a dusky or blackish annulus above
it, and are castaneous at tip, all these dorsal tubercles are dull yellow,
as are sometimes the generally pallid suprastigmatal tubercles, edged
anteriorly with black; but the last, on the first and second abdominal
segments, are dull golden with no black edging. Ocellar prominences short,
conical, blunt-tipped, separated at base by a truncate front. Meso-
thoracic tuberele high, sutquadrate, strongly compressed, subtruncate at
tip, the front margin at first parallel to the hind, then curving, the
anterior anrle much more curved than the posterior; it is generally more
or less marked with blackish fuscous on the sides. Length, 20-23 mm.;

of ocellar prominences, l-1.5 mm.; distance of these apart at tip, 2475
2,25 mme; width of thorax, 6.25-7.. mme; of abdomen, 5.75-7 mme; height

of thorax including tubercle, 7-7.75 mme; of abdomen, 5.75-6.75 mm."

Polygonia comma Harris:

Synonomy. Vanessa comma; Grapta comma; Polygonia comma; Vanessa

c-2lbum; Grapte c-album; Vanessa (Grapta) c-album; Grapta comma harrisii;

Nymphalis comma; Polygonia comma var harisii; Grapta dryas; Nymohalis

dryas; Polygonia dryas; Grapta comma var.dryas; Polygonia comma varn dryase
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‘The orange“merchant; The commse buttérfly; White c-butterfly; Comma

vaness; The hop merchant.

"Imago. Head covered with long whitish, dusky, and pale olivaceous
hairs, with & slight tuft of yellowish ones outside the base of each
antenna; behind the eye covered with mingled pale and tawny scales. Basal
half of palpi pale buff, tinged faintly with greenish, and bordered along
the base of the inferior fringe with dark tawny scales; fringe itself
buff, with intermingled black hairs, and along the middle of its inferior
surface a row of dark tawny mingled with fuscous scales; the basal half
of the middle joint sometimes white above; apical half of palpi dark fer-
ruginous tawny, the fringes the same, but tipped especially toward base
with pale or more yellowish buff. Antennae blackish brown above, the
inner inferior surface, excepting a few basal joints, naked and luteous,
the outer inferior surface and all the inferior surface of the basal
Joints, white, the apical half outwardly, the basal joints wholly, in-
terrupted with blackish, on the apical half of the antennae mingled with
fulvous; club blackish, with a few obscure, dark, tawny scales, beneath
blackish fuscous, the apical three joints luteous. Tongue pale.luteous,
the apical two-thirds infuscated at the edges.

"Thorax covered above with silky olivaceous hairs, beneath with
vinous~-brown, hoary-tipred hairs. Fore legs yellowish buff, marked
down the middle with a black stripe; femora of other legs dusky, heavily
flecked with pale seales, the slight inferior fringe buff, edged at
base interiorly with black; inner side of upper surface of tibiae buff,
the outer side and the tarsi whitish or very pale buff. Spines castaneous,
darkest on the tarsi, spurs similar, reddish toward tip. Claws dark red-

dish fuscous; paronychis pale fuscous; pulvillus black.
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"Wines above dark fulvous orange,vmarked with black and fuscouse.
Fore wings with the upper portion of the outer border slightly concave,
the dentstion rather jess than rectangular, that at the tip of the
lower madiaﬁ nervule rather prominent and angulated; outer ﬁorder 8
1ittle crenulate. The costal edge is rather conspicuously yellowish,
pretty uniformly and minutely interrupted with blackish; in the cell,
at the base of the median interspaces, end in the middle of the medio=
submedian interspace are roundish spots, end at the tip of the cell a
trensverse bar--all of which repeat exactly in color, form and relative
position the similar markings of interrogationis; there is, however,
no sbot (nor trace of 2 spot in any specimens 1 have been able to
examine ) near the base of the subcosto-median jnterspace. The outer
border, to the depth of half an interspace-=above the lowest subcostal
to a much greater depth—-blackish, its inner limit often deeper than
the rest, and its outer 1imit narrowly edged with a generally faint
bluish bloome In the middle of the lower two subcostal interspaces,
midway between the 1ast divarication of the subcostal nervure and the
outer border, are two black dots, preceded by & faint yellowish tawmny,
minute crescent, and followed by & short, slender, lonsitudinal dash
of tre same; the yellow crescents preceding the dots are surmounted by
a larger, more distinct, paler crescentic spot crossing two interspaces,
and forming & series with the others; the deshes beyond the black dots
form part of & series of submarginal fulvous lunules which occupy all
the interspaces below them, seated on the outer dark margin and only
conspicuous when'the outer part of the wing is clouded somewhat with

ferruginous; this series is sometimes almost entirely wanting, at



others is present to such a degree as to form a transverse band, attenuated
in the_middle? but broa&, and, on the heaviest marked individuals, deepen-
ing into blackish above andvbelow; it occupies the same position as‘in
interrogationis; fringe black, most distinctly‘so at the nervure tips,
broadly interrupted in‘the interspaces with dusky fulvous or with whitish,
the latter particularly in the median interspaces. Hind wings with the
outer border somewhat crenulate, the tail of the upper median nervule
longer than broad, a little incurved and scarcely tapering, the projection
at the tip of the costal slight, angularly rounded, that at the upper
subcostal rather prominently rounded. A transverse blackish bar crosses
the costo-subcostal and first subcostal interspaces, in the latter at a
little greater distance from the base than in the former, and removed by

& little more then its own width from the base of the interspace; parallel
to it a narrow, transverse, blackish bar reaches from near the base of

the middle subcostal nervule, across the base of the lower subcostal to
the middle of the vein closing the cell; the extreme base of the upper
median interspace is filled by a trianguler blackish spot, about as large
as the central bar, and occasionally the lower median interspace is in-
fuscated a little below it; the outer two-fifths of the wing is of a much
darker ferruginous tint, sometimes deepening into blackish, especially
outwardly; inwardly it blends gradually into the basal color; crossing

the middle of this darker portion, its outer edge at a distance of more
than half an interspace's width from it, is a series of yellowish fulvous,
roundish or triangular spots with ill-defined edges, becoming more or

less transversely linear below the upper median nervule, nowhere so high

as broad, and always clearly covered with a hoary bluish bloom, most con-
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spicuous ﬁt the nervule tips; fringe blackish, broadly interrupted in s
the interspaces with whitish, partly overlaid by fuscous scales.

| "Beneath, dark brown on the basal half of the fore wings, limited
by a bent liﬁe, the limbs of which are usually a little concave, opening
outward, running from the costal margin (close to the tip of the costal
nervure) to the base of the straight portion of the upper median nervule,
and thence to the inner margin before its middle. Within this area the
male has the following markings, some of which in the female are always
very obscure, and others at a distance from the costal margin, wholly
obsolete: the darker portions are outwardly and more or less distinctly
limited as a band by a bent line, the upper half of which reaches to
the median nervure and is parallel to the similar portion of the outer
bent line, and so far distant from it as to meke this part of the band
fully three-fourths as broad as its length; the lower half is also sub-
parallel to the lower part of the outer bent line, but the band is only
half as wide as above and tapers toward the inmer border; above the
middle of the cell the band is bordered on either side by a zigzag
thread of black, and there are also a few similar marks within it; it
is followed interiorly by a hoary patch, while in the cell are three
oblique, mostly black edged, dark brown, linear streaks, about as long
as half the width of the cell, one seated, on end, on the median nervure
close to the base and directed parallel to the subcostal nerure, a
second on the same nervure at its first divarication directed toward
the upper outer angle of the cell, and a third depending from the costal
margin directed between the first two; the whole costal margin is ir-
rorate with blackish ferruginous and whitish or yellowish; the apical
half of the wing is paler, being ashy brown (female) or hoary ash (male),

excepting the outer border and a quadrate clouded, darker portion, some-
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what darker and much ﬁore distinet in the male than in‘the femnle,
occupying the whole a?ex of the wing above the lower subcostal inter-
space and beyond the origin of the third superior subcostal nervule,
darkest at its interior and inferior borders, and enclosing in its
middle next the costal margin an obscure paler spot, reaching to the
next, at the lower subcostal nervule. This paler part of the wing

is frequehtly tinged with olivaceous in the male, particularly out-
wardly and near the inner margin, and in both sexes it is varied by
frequent, short, transverse, delicate threads of blackish and reddish
brown or fuscous; there is a transverse row of black dots, often obso-
lete in some of the interspaces and never conspicuous, but almost al-
ways present in the lower two subcostal, lower median and medio-éubmedian
interspaces, in a similar position to those of interrogationis; the
outer margin above the subcostal angulation is slightly paler than the
surrounding parts in the female, but in the male is deeper and generally
distinetly and rather broadly olivaceous; below the angulation and
excepting the extreme lower angle, which is like the apex, the margin

is dark like the base in the female, but in the male is greatly variegated,
being olivaceous brown enlivened by many blackish, fuscous, and dark
ferruginous scales, mostly arranged in transverse rows, and limited,
parallel to and at half an interspace's distance from the outer border,
by a slender black stripe, enclosing an interrupted thread of bluish
green scales; the first inferior subcostal nervule is broadly bordered
with ferruginous to its tip. Fringe much as above. Hind wings of the
same general hues as the fore wings, the darker base separated from the
paler external portion by a black bordering thread, which in the upper

half of the wing has a sinuous course, from the middle of the outer
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two~thirds of the costal margin to the lower subcostal.ﬁeffule at a

short distance from its base, where it is interrupted by a silver

comma; the lower half has a crenulate, nearly straight, general course
from the upper median nervule, an interspace's width from its base,
toward the deepest part of the excision of the inner margin of the wing.
Within this the wing is nearly uniform dark brown in the female, with
rather distant, short, transverse, inconspicuous threads of blackish
ferruginous, but in the male it is comsiderably, although rather ob=-
scurely, variegated; on the basal fourth of the wing, above the sub-
costal nervure, there is a large, ashy patch, and dusky irregular streaks
cross the basal half of the cell; the outer portion is darkest and forms
an indistinet, broad, intramesial bard, while the transverse threads of
the female are also not wanting; at the apex of the cell is a rather
heavy silvery comms, generally rather broader in the male than in the
female, strongly curved, sometimes rather bent at its lower inner side,
opening toward the tip of the costal nervure, its extremities usually
thickened, particularl: in the male, the upper extremity just failing to
reach the subcostal nervule, the lower half following the upper median
nervule from the gradually growing dark again toward the outer margin,
and with a very obscure, almost obsolete, series of blackish dots, ar-
ranged as in interrogationis; in the male it is intensified by a lilaceous
hue, reaching nearly to the series of black dots which are scarcely more
noticeable than in the female; parallel to the outer border is a very
obscure series of yellowish spots, the counterparts of those on the upper
surface, followed above the middle of the subcostal area by slight fer-
ruginous, below by blackish and bluish, markings; the upper portion of
the dentation, from its very base, is bordered equally, without regard

to the nervures, by a band, as “road as the dentation, of mingled black,
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fuscoﬁs and lilaceous scales; the other parts of the bofder are yellowish
olivaceous, more or less infuscated. Fringe as above.

"Abdomen above black, heavily covered with fulvous hairs and tawny
scales; beneath with mingled scale-like hairs of the coiord prominent
on the under surface of the wings. Appendages of the male: wupper organ
much stouter at the base than in the previous species, tapering only on
the basal half, somewhat arcuate, pointed, fully as long as the body
with an inferior tooth at base. Clasps twice as brbad as long, quadrate
with rounded ancles, the upper, hinder angle produced to a moderately
long, equal, incurved lobe, fully half as long as the clasp, twice as
long as broad, rounded at the apex, directed upward and backward; upper
border producing at base a long and slender process, much longer than
the clasp, broadest in the middle, tapering but little toward the base
but rapidly and pretty regularly toward the pointed apex, which is dis-
tinetly excised on the irnmer edge; at its base it is strongly bent and
slightly twisted to as to become horizontal and depressed, directed
backward and slightly inward; beyond it curves a little downward and at
the middle curves strongly inward; interior finger long and slender,
tapering a little on the basal half, approaching throughout the hinder

edge of the clasp and scarcely surpassing the upper edge.

POLYGONIA COM+#A HARRISIT.

Measurements in
millimetrese. MALES FEMALES

Length of
tongue 10.5

Smallest Average Largest Smallest Average largest

Length of fore wing . 2L.25 25.25 25,5 275 27.25 27.25

antennae. « o o oo 135 13.75 1. 13.2 14.5 1.5
hind tibiae and
tBrS8i o o o o se 8.5 8.5 . 9 9. 9. 9.

fore tibiae and

tarsi o o ¢ o soe LL.B }_LOS LL.75 LL. )-.).075 Ll-o75
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POLYGONIA COMMA DRYAS.

Measurements in MAIES FEMALES
millimetres.

Smallest Average largest Smallest Average largest

Length of fore wing . 24. 25.5  26.75 25.25 28.5 28.5
antennsae. « ¢« o oo 13 13.25 1h. 13.75 13%.75
hind tibiae and ‘

tarsi o o o o oo 8.1 8.5 8075 8 90 9.
fore tibiae and

tarsi o o o o oo Lo Ll L.5 Lie Lody Loy

Described from 8 males, 7 females.

"Egg. Short blunt ovate in shape, broadly rounded beneath, above
a little flattened, broadest in the middle of the lower two-thirds, with
eleven strongly compressed vertical ribs which increase in height from
base to summit, more rapidly above; surface between them scarcely concave,
smooth, crossed by exceedingly fine lines, which traverse also the ribs
and make them arpear striate. The ribs are about .06 mm. high at the
top, but only one-third of that in the middle of the egg; they are about
.22 mm. apart, and the cross lines .02 mme. apart. Color of ege pale
green, glistening, the ribs pale, The termination of the ribs above
leaves & free central space .17 mm. in diameter. Micropyle rosette .065 mm.
in diameter, made up of a cluster of nearly equal hexagonal cells, about
«0]1 mm. in diameter. Height of egg, 8 mm.; width at greatest, .7 mme;

at summit, .0 mme

1

'Catergillar.

First stage. Head piceous. DBody above wvarying with age from a
pale straw color to a dull rather dark green, the anterior portions of

the segments livid, but with the last two segments varying from light to
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~purplish brown; beneath yellowish green. Papillae and hairs black.

‘Legs and prolegs dusky. Length 2.75 mm.

Second stage. Head dark brown (probably piceous). Body
browp-black or black, with whitish lines at the incisures. Spines
bleck, arisiﬁg from papillee which are black, or, in those with white
lines, white on the third thoracic and second, fourth, and sixth ab-
dominal segments; hairs black. Legs black; prolegs olivaceous. Length,
3.3 mm, (After Edwards.)

Third stage. Head piceous, most of the papillae black, the
others white, the hairs pellucid or dusky. Body reddish brown, heavily
traversed by transverse dusky lines, becoming blackish next the base
of the spines; the infrastigmatal fold sometimes a little pale. Spines
black, excepting the laterodorsal series on the fourth and sixth ab-
dominal segments, and scmetimes the tips of some of the dorsal ones in
the same vieinity, which are white; hairs dusky pellucid. Legs black;
prolegs, excepting at base, dusky. Length, 8 mm,

Fourth stage. Head piceous, the coronal tubercles black,

the papillee white or black, the white predominating. Body black, the
sepgments crossed posteriorly by two or three more or less slender white
lines, sometimes broadening into spots, and anteriorly by an oblique
whitish bar, extending backward on either side from the outer base of
the dorsal spines; an infrastizmatal yellow band, above which an oblique
bar, and some minute white spots on the posterior part of each segment.
Spines of dorsal series always, and of laterodorsal usually, white, the
others wvariably black or white; spiraclies black, with a distinct white

annulus. Length, 10 mm. (After Edwards)
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Fifth stage. Head light pea-green, the summit spiﬁe mbstlj
black, very stouf and not long, the lateral spinules emitted near the
middle, the basal half nearly as broad as long, the spinules stout and
of equal length with the apical half of the main stem; tubercles
usually spiniform, sometimes hemispherical, pellucid, each tipped with
a long white bristle; ocelli and mouth parts black. Body light pea-
green, with yellowish blotcﬁes which predominate upon most of the
abdomen; there is a small spot of a dull, dark, orange color just in
front of and above the laterostigmatal spines of the fourth to sixth
abdominal segments. Spines furnished with a wreath of five spinules,
which are placed at an angle of about 60° with the apical portion of
the stem; below them are seldom more than one or two spinules of any
megnitude, and this portion of the main stem is covered with short,
exceedingly delicate pile; they as well as the spinules are generally
colorless, and the bristles black, but sometimes the terminal half of
the spinules is also black; the spiniform tubercles are white or green-
ish. Spiracles black. Legs pale testaceous. Length, 25 mm.

Chrysalis. Nearly uniform pale wood brown, tinged, especially in
certain lights, with pale green and streaked very faintly across the
middle of the wings with the same; tongue and legs faintly tinged with
pale salmon, the tongue infuscated at tip, the legs interrupted with
pale green; joints of antennae marked with faint fuscous lines; ocellar
tubercles conical, pointed, pretty regular, the outer margin continuous
with the sides of the prothorax, the inner inclined toward each other
at nearly a right angle, although they do not meet but form an angle
of 1300 with the front of the head; the tubercles above and the thoracic

ridge marked with greenish fuscous; mesonotal tubercle moderately high,
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’much the highest posteriorly; where it is about half as high as 1ong;
‘posterior border straight and nearly perpendicular, perhaps turned
forward a little, anterior border curving regularly and broadly up to
the highest point; middle of each half of metathorax and of the first
to tﬁird abdominal segments with a large mercurial spot, that of the
metathorax largest and centred with blackish, that of the second seg-
ment situated on the posterior half of the tubercle, that of the third
segment faint and diffused; all excepting the last bounded, laterally
at least, by fuscous lines; beyond a slightly paler dorsal band, made
more conspicuous by & brownish fuscous line which edges it; posterior
surface of the laterodorsal tubercles edged on either side with brownish
fuscous streaks; a stismatal, open, brownish fuscous band, tinged with
greenish and much more distinctly marked along its under border; on the
fifth and sixth segrents, a slightly infuscated ventral band, edged
more distinctly with fusccus; outer edges of the cremaster black;
spiracles pale brown with black lips. Length, 21 mmj; height at thorax,

7.25 mme; height at first abdominal segment, 5 mm."

Life history of Polygonia satyrus

The life history of P. satyrus has never been completely worked out.
larvae appear in June and the butterfiy is taken in July. It is likely
that there are two broods of this insect but there is no data to support
this supposition. F. satyrus iS‘Wideiy distributed throughout the
Pacific coast and has been captured in NeW‘York and Ontario.

Life History of Polygonia interrogationis

The adult butterflies overwinter and reappear early in May. Ovi-
position occurs from late May to early June and eggs hatch in from ten

to eleven days. The larvae which are sometimes gregarious, grow rapidly,
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and aftér a pupal period of about two weeks, emerge as adults in July;
They continue on the wing and deposit eggs throughout July and August.

The second brood of butterflies emerge throughout Beptember. There
are two broods in northern United Stétes and three or more in the southern

climates. It is widely distributed east of the Rocky mountains and mey

occur along the Pacific Coast.

Life history of Polygonia comma

There are two broods of.f.‘ggggg in New England, The adults hiber-
nate and reappear on the wing from March to May. The eggs which are
deposited during this time hatch from four to five days and the larvae
grow rather slowly. Pupation begins about the beginning of July and a
new brood of adults appear about the middle of the month. Eggs are
deposited late in July and throughout August, and larvee make their first
appearance about the first of September. Adults emerge from pupation
from the middle to last of September and hi“ernate soon afterwards.

Three broods occur in southern climates. It is widely distributed east

of the Rocky mountains and may possibly occur in the Pacific States.

Economic importance of hop butterflies

Polygonia interrogationis and P. comma often are quite destructive
to hops in eastern United States. The chrysalids are known to eastern
hop growers as "hop merchants" because the price of hops is believed to
fluctuate with the fluctuation of the silver and gold spots of the
pupariume These insects are usually held in check by biological factors
and seldom are numerous enough to require special control measures. Elm,
hackberry, nettle, hop, linden, basswood, lime, white-wood, ambrosia,
and current are listed among the host plants of P. interrogationis and

P. comma but hops and elm appear to be preferred.
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Pologonia satyrus in the Pacific States is closéiy related to
P. comma in its food habits and is known to feed on‘nettleé and hopse
‘It is notvlikely~that;z. satyrus will ever be of eqonamio importance
to hops in the Pacific States but studies on its biology and control

should be undertaken.
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The Mourning Gloak'Butferfly (1)

The mdurhing closk butterfly, Aglais antiopa Limn, (Family
Nymphelidae, Subfamily Nymphalinae) caused some injury to hop wvines
in 1938 at the Pankalla Hop Ranch, Corvallis, Rt. 1, Oregon. A
description of the various stages of this insect is given as follows:

Synonomy. Papilio antiope Linn; Aglais antiopa Dalm; Vanessa

antiopa Ochs.; Hamadryas angulate antiopa Hubn.; Nymphalis antiopa

latr.; Papilio morio Retz; Euvenessa antiopa Scud. The mourning cloak

butterfly; Trauermantel; Cemberwell beauty; Morio; Antiopa butterfly;
willow butterfly; yellow bordered butterfly; white=-border; grand sur-

prise.

"Imago. Head covered above with a profuse admixture of dark brown,

fulvous, white and black hairs, the latter longer than the others; at
the base of the antennae is a tuft of dull, pale yellow hairs; there

are many straw yellow sceles behind the lower part of the eyes and a

few skirt the upper part also, backed by dark brown scales. Palpi pale
dirty straw yellow, with a slender streak of blackish down the middle

of the sides of the basal half and & similar streak along the upper edge
of the sides of the apical half, the last joint and much of the rest
infuscated, the long spinous hairs which fringe the palpus above and
below bleck, with pale yellow, black tipped apices, Antemnae blackish
brown, the inner side of the stalk and base of the club touched, es-
pecially on the basal half of the joints, with white; beneath, excepting
neer the base and on the club, dark, dull castaneous; three apical joints
of club, equally above and below, luteous. Tongue pale luteous, the

apical half dark luteous; papillae indisn-club shaped, about five times
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as long’as bfoad, appressed, truncate and cup-shaped af tip, the central
filament slender, bluﬁtlyvpointed, helf asklong,as the width of the
papilla, the edge of the cup with four or five thorns half as long as
the filament; not crowded, with room for twice the number in the spa.ce
occupied, which is about the apical seventh of the tongue.

"Thorax’covered above with fulvo-maroon hairs and below with coarser
white, or yellow tipped black hairs; fore legs black, covered with simie
lar hairs; femora of other legs dark fuliginous brown, enlivened above
and at tip with some péle yellowish brown scales; tibise and tarsi
wholly pale yellowish brown, the tarsi growing a little dusky toward
the tip; spurs red, tipped with black; spines black, claws dark red,
paronychia blackish,

"Wings above dark, rich maroon, ornamented with bleck, blue and yel-
low; on the fore wings the maroon verges toward black or blackish brown
along the costal border, above the subcostal nervure and its first in-
ferior branch; the costal edge and the whole margin to the costal nervure
on the basal half of the wing largely flecked with short, slender, broken
transverse lines of straw yellow; at the tip of the first superior branch
of the subcostal nervure a small, transverse, yellowish spot depends
from the costal margin just crossing the black area, and directed slightly
outwards; further on, midway between this and the apex, is a similar spot,
equally narrow and having a similar direction, which reaches the first
inferior subcostal ner%ure, sometimes attenuated below; directly beyond
this spot commences a transverse, equal, black band, having strongly crenu-
late borders, slightly narrower than the marginal band and subparallel
to the outer margin; it encloses, in each of the interspaces which open

on the outer margin, a not very large, longitudinal, suboval or sube
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triangular, dark, caerulean’blue épot, broadest outwardly; outer margin
for fully the width of an interspace pale straw vellow (in hibernated
specimens whitish), largely flecked, especially on the upper half of

the wing, particularly in the neighborhood of the nervules, and most of
all at the dentation ofbthe wing formed by the prolongation of the
first inferior subcostal nervule, with exceedingly short, transverse,
irregular threads of bleckish brown, frequently mingled on the dentation
with pale bluish scales. Fringe at the nervure tips blackish, marked
with dirty brown, on the interspaces whitish flecked with dirty brown.
Find wings with the maroon base less deep than on the fore wings, being
more or less specked with dark brown; the black submarginal band en-
closes blue spots similar to, but usually larger than, those on the fore
wings, sometimes nearly regular; outer margin similar to +that of the
fore wings in color and width, but narrowing toward the enel angle, fleck-
ed, especially (as a general thing) in the median area, with transverse,
rather short, irregular threads of blackish scales, coarser and more
distinctly separated than on the fore wings, less profusely and generally
distributed, but still more abundant upon the nervules than elsewhere,
and nearly concealing the yellow at the extremity of the upper median
nervule, which forms the dentation. TFringe white, occasionally flecked
lightly with dusky at the nervure tips.

"Beneath, very dark plumbeo-metallis blue, profusely streaked with
short, transverse, straizht, black lines, composed irregularly of from
one to three rows of scales, and enlivened very slightly with scattered
dull, pale ferruginous, whitish and pale straw yellow scales, collected
to a certain extent in delicate clusters, and generally found in the

immediate vicinity of the nervules; scattered over all the wings, but
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‘ﬁore abundantly on the hind pair, and ncarly absent from the lower half
of_fore wings, are infrequenf, long, longitudeinally recumbent, blue
black, spinous hairs, tipped with yellowish brown. On the‘forc’wings
the two costal spots of the upper surface appear, but less distinetly,
and of a grayish white; the marginal band is of the same width as above,
but is here preceded not by a black band and blue spots, but by a strongly
crenate, slender, equal, inconspicous stripe (corresponding in direction
to thc exterior margin of the black band of the upper surface) of dis=
connected dark metallic blue scales on a black base; marglnal band sordid
whlte, heavily flecked, especially down its middle and particularly at the
dentation of upper half, with short, more or less connected and blended,

~ transverse streaks of black, dark plumbeous and dull dark bluish scales,

most conspicuous in the upper half of the wing; at either side, but es-
pecially outwardly, the band is washed with very pale yellowish and
externally with pale yellowish brown. Fringe white, broadly interrupted
at the nervure tips, especially in thc upper half of the wing, with pale
slate brown. Hind wings closely resembling the fore wings in the sube-

marginal, strongly crenate stripe of bluish scales, and in the outer

border, the dentation of the upper median nervure being similar to the

upper dentetion of the fore wings. The base of the wings is similar, but

the transverse black lines collect to form slender, rather indistinet,

often cbsolete stripes, cne crossing the middle of the wing in an irregular

course, the other, less distinct and generally present only in the middle

of the wing, lying midway between the first and the marginal band; on the

lower half of the wing the spinous hairs are not recumbent. Fringe whitish.
"Abdomen above black, the base with many maroon hairs, beneath dirty

yellowish white or yellowish brown, with intermingled black hairs tipped
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with brownish yellow, the last segment usually blgcki#h. Mﬁle,appendages:
kuppef organ; hook narrowing rapidly before the middle; but:a little round-
ed, beyond a little compressed, tapering, very bluntly pointed, but little
curved. Clasps about two énd half times broader than long, the posterior
edge roundly and broadly excised on the upper half, the upper outer angle
produced a very little, slightly angulated, slightly incurved and
delicately covered with prickles at the edge; upper basal process com-
pressed a little, sulciform, the inner edge a little thickened, roundly
bent at a right angle at the middle of its basal two-thirds, the outer
border similarly benﬁ at the base, up to this point equal, befond tapering
rapidly to a 1little produced, arcuate and finely pointed apex; it is
nearly four times as long as the breadth of the base, directed at first
backward and considerably upward and bent a little inward, beyond directed
backward and curving inward; interior finger finely pointed, nearly straight
and reaching the edge of the outer border of the clasp at the lower portion

of its excision.

Measurements in

millimeters. MALES FEMALES

Length of t

e?%a.Eflu.;?gue Smallest Average largest Smallest Average largest

Length of fore wings-- 31. 37 39, 32, L. L.
Antennaeweecammmcanw 1, 17. 17.5 1.2 19.5 19.5
Hind tibiae & tarsie 90 11.25 11.5 10. 12. 120

Fore tibiase & tarsi- L.k 5. 5.5 L.2 5.5 5.5
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"Egg. Laminate ribs, seven to eight in number, .045 mm. in height
at the edge of the summit, leaving on the summit a free space, +31 mm.
in diameter; surface glistening, smooth, broken by delicate transverse
lines, 402 mm. apart, which become more prominent on either side of the
ribs, forming buttresses for their support. Micropyle .09 mm. in diameter,
consisting of a central eircle «025 mm. in diameter, followed by two
series of rounded polygonal cells, about half the outer row as large as
the inner, the other half considerably larger, the imner ones averaging
«012 mm. in diameter, separated by rather prominent ridges. The micro=-
pyle is followed directly by very large, transverse, polygonal or
hexagonal cells, often stretching across from one rib to another, as the
succeeding row always does, or rather to the slender, zigzag ridges which
are the continuation of the ribs. Color when laid, pale olivaceous
yellow, changing afterwards to dark yellowish brown, and Jjust before

hatching to inky black; ribs pellucid. Height, .88 mm.; breadth, .7l mm.

1"

Catergillar.

"_F_‘_i_r_s_E Btage. Head shining piceous with a few pretty long hairs;
ocelli black; basal joint of antenmnae pale; mouth parts blackish, except-
ing the upper edge of labrum which is pale. Body dull brownish olivaceous,
the first thoracic segment infuscated; warts of the color of the body
tipped with black; hairs exceedingly long, sometimes a little curved,
brownish; legs dull luteous, the apical third blackish; prolegs of the
color of the body, each with a moderately long hair projecting from the
anterior portion of the base. Length of body, 2 mm. ; breadth of body,

Lt nme; length of hairs om body, oL mme; breadth of head, 6 mm.

"After eating a single night the bodies become plump and distended

as if they had eaten to repletion; they also change to a brownish,

olivaceous color, and have a wiry look.



"Second stage. Head shining piceous, with a few not very léng,

curving, black hairs. Body yellowish brown, the first thoracic segment
blgckish; a dusky, straight,idorsai~line and dusky, wavy, longitudinal
stripes on the sides. The armature in this stage is intermediate between
the juvenile and adult stages, consisting of small tubercles bearing
each a curving black hair, arranged like the spines of the later stages.
Legs blackish fuscous; prolegs yellowish brown, tipped with fuscous.

Length, 6 mm.; breadth, .75 mm.

ﬁgéiﬂglifiﬁi‘ Head shining piceous. Body black, mottled with
dark gray, the dorsal stripe consisting of two contiguous, oblong, oval
patches of dull ferruginous, separated either in whole or in part by a
narrow line of black; the body is armed now with shining piceous spines
nearly a millimetre in length, each bearing at tip a long, pale hair,
and at the sides a few short, black hairs projecting directly from the
spine and not mounted as afterwards upon spinules; hairs of first segment

pale. legs shining piceous. Length, 15.5 mme; breadth, 2 mm,

"Fourth stage. The fourth stage differs but little from the

fifth and scarcely warrants a separate description. In it the dorsal
spots are divided by the dorsal line which becomes obliterated in the
last stage and the spinules of the spines have not attained their normsl

size, although conspicuous.

"last stage. Head dull, bronze black, the warts black, giving
rise to white hairs, arranged to some degree in vertical rows converging
toward the summit of either hemisphere; mouth parts black. Body velvety

black, covered with white warts, often narrowly eneircled with fainter
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white and giving rise to white hairs; the third thoraecic and firstvto
seventh abdominal segments with a large, dorsal, orange red spot reaching
as far as the innef base of the laterodorsal spines; spines bright, bronze-
black, minutely wrinkled transversely, the hairs black. Legs bright
bronze black; prolegs reddish'testgceous, the hooklets reddish brown.
Length, 50 mme.; breadth of body, 7 mme; length of spines, 5.75 mme; breadth
of head, 4 mm,

"The exact stage of growth of this caterpillar is easy to deter-
mine, for no matter what the size may be, however fostered by abundance
or emaciated by insufficiency of food, there are certain structural features
characteristic of each stage. In the first stage the body is armed with
hairs arising from little warts, none of which are placed in a median dorsal
series; in the second stage the body is furnished with similar hairs having
an entirely distinet distribution, some of them forming a dorsal series.
In the third stage the body is armed with spines, emitting little, bristly
hairs directly from its sides without the intervention of spinules; in
the fourth the spines are the same, but the lateral bristles are mounted
on very short spinules scarcely longer than the width of the spine; while
in the fifth stage the same spines bear long spinules, often nearly one-

third of their own length, with apical thorns.

L4

'Chzxsalis. Dark yellowish brown, more or less marked with blackish
fuscous, often covered, especially on the thorax and appendages with a

very pale, bluish gray bloom and ofteﬁ tinged with roseate; dorsal and

" lateral surfaces of ocellar prominences and the sides of the dorsal tubercles
of mesonotum, streaked with black; basal joint of antennae and laterodorsal

tubercles of mesonotum infuscated; abdomen dotted infrequently with blackish
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fuscous, the dots arranged somewhat in transverse rois; very obscure,’

”¥infuscated, stigmatal and ventral bands; sides and front of the basal
half of the laterodorsal abdominal tubercles black, their apieal half =
red tipped with black; smaller tubercles black; spiracles black with
obscure lips; sides of the cremaster black; wall of the prearal button
luteous, bordered inwardly with blackish. Length, 25-28.5 mm.; breadth
of ocellar prominences, L-li.5 mm.; height of thorax, 9-9.75 mm.s breadth
of body, 9.5-9.75 mme; height of abdomen, 845-9.5 m.

"The above describes the usual form, but there frequently occurs
an individual of a gray appearance, so different in general aspect as to
merit a special description. Whole body speckled gray, formed by black-
ish fuscous spots and streaks on a livid white ground, the paler color
sometimes tinged with faint purplish; the upper and most of the under
surface of the ocellar prominences are black; the sides of the dorsal
tubercle of mesonotum are also black, but the posterior flank and the
superior edge are pale and from the anterior end a narrow, obscure, pale
band runs toward either ocellar prominence, and from the posterior end
a faint, interrupted, pale, dorsal streak extends over the abdomen; the
apical half of the tongue is black and and the nervure tips are marked
by & pale dot; on the abdomen there is a broad, dusky, ventral band and
a narrow, dusky, stigmatal stripe; the laterodorsal tubercles are black

~at base, red at apex, tipped with black; the other warts and tubercles
are wholly black; the upper edges of the cremaster are pale, the lower

black,"

(1) Scudder, S. He, Butterflies of Eastern United States and Canada, Vol.l,

ppe 397-412, 1889, Cambridge, Massachusetts.
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Figure 21. Larvae of Aglais antiopa Linn.

—is

Figure 22. Fupae of Aglois antiopa Limn,
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Figure 2%3. Adult mourning cloak butterfly, A. antiopa Linn.

Figure 2, Injury of Aglais antiope Linn. larvae to hop vines.
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Life history ofngliis antiopa

The adult butﬁerfly vershibernates* late in the fall in erevices, ﬁg//’/ﬁ“
debrié and. other protectéd pI;;eé. There is some evidence that some
overwintering may occur in the pupal stage but this has not been satig-
factorily confirmed. Activity is resumed early in the spring, and the
adults may be seen from February to July. Oviposition generally occurs
over a brief period from the beginning until the middle of May. Eggs
are laid in both regular and irregular clusters and one individual has
been recorded as having depositedyover two hundred eggs. The average
number of eggs per female is believed to be considerably less than this.
Approximately two weeks are required for the eggs of the first brood
to hatch. The young larvae are highly gregarious and spin a slight silken
thread as they feed. This gregarious habit is lost to a certain extent as
they develop into their fifth and last instar. The larvae are fully
developed about the last of June and pupation ocours after the caterpillar
has suspended itself to sowe nearby object. There are two broods of this
butterfly in northern United States and probably three broods in the
southern part of the country. The adult of the second brood emerges from
the beginning to the middle of July and eggs are deposited soon afterward.
They hatch in about nine days and the larvae become fully developed and
pupate during the month of August. The pupal period lasts about two weeks
and the overwintering adults emerge from September to October and remain on

the wing as late as November when weather conditions are favorablee

*Vershibernation (Latin--Verso; to turn about often: hiberna; time for
going into winter quarters) defined as the alternating occurrence of mobile

and quiescent periods during the winter months. Examples: Diabrotica soror,

Aglais antiopa and many others.
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Economic importance of Aglais antiopa to hops

Mr. Pankella of the Pankalla Hop Ranch, Rt. 1, Corvallis, Oregon,
brought a number of A. antiopa larvae to the attention of the entomology
department during the latter part of July 1938. The caterpillars at this
time were in their last instar and had completely defoliated ten hop
vines. This was the first record of A. antiopa feeding on hops and ap-
parently it was a chance occurrence in this instance. The favorite host
plant of the mourning cloak larvae is willow, poplar, and elm, and in
certain years they have been numerous enought to cause serious economic
damage to shade trees throughout the New England States. Occasionally
they have been noted feeding on birch, hackberry, linden, nettles, and
roses so that some latitude of choice of food plant must be allowed
them. It is not likely that A. antiopa will ever be an important hop
peste.

The caterpillars in this instance were controlled by Mr. Pankalla
by hand picking. Several of the larvae which were brought to the
entomology department were parasitized by chaleid fly larvae which es-

caped before identification could be made.
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Diabrotica soror Lec.

Description of Diabrotica soror Lec.

Geﬁusziabrotica * "Head not inserted as far as the eyes, front
transversely impressed, vertex foveate, a carina between the antennae.
Eyes broadly oval, entire; labrum rather large, truncate, or feebly
émarginate.' Antennae slender, at least longer than half the body, some-
times longer than the body, second and third joints often very smallg
maxillary palpi moderately stout, the terminal joint conical, shorter
and narrower than the preceeding. Thorax broader than long, sometimes
nearly square, the margin distinet, slightly reflexed, disc usually
bifoveate; scutellum actually oval at tip. Elytra with a very distinet
and slightly reflexed side margin, the epipleurae long, narrower behind.
Legs moderately long and slender; tibiae slender, the middle and posterior
pairs with terminal spurs, the outer edge carinate from knee to tip, ex-
cept in a few species; first joint of hind tarsus at least as long as the
next two, sometimes nearly as long as the next three; claws bifid."

"In the majority of the species the second and third (antennal)
joints are small, together scarcely as long as the fourth, sometimes only
half as long; several species have the third joint nearly or quite as
lonz as the fourth, while the seccond remains srall. +~hen the third joint
is egual, or nearly so, to the fourth, it will be found to be densely
punctured and pubescent like the fourth, but when that joint is small it
will be found smooth and like the second in structure."

"The male sexual characters are feeble. All have the last ventral
truncate, and in some broadly emarginate. A few have %he first joint of

the anterior tarsi dialated.”

* Horn, Geo. He, Trans. Am. Ent. Soc., XX, p.89, 1893,
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Species soror Lecs (Western l2-spotted cucumber beetle). ** .

Elytra irregularly, not closely punctate, the surface without
 strime, tibiae with a distinct carina extending the entire length of the
outer edge; antennae with segments two and three small, together rarely
longer than the fourth, usually shorter; elytre yellow or greenish yellow,
together with three arcuately transverse series of four black spots;
venter and legs black; length 5-7 mme

Variation. Three color forms of this species are common:
(A) with elytra spots non-confluent, (B) with middle spots confluent,
(¢) with middle and anterior spots confluent.

Description of immature stages of Diabrotica soror. %

"Egg. Length, o7 mm.; width, 5 mm.; oval, dirty white in color;

surface finely sculptured b minute hexagonal pitted areas. These areas
under a higher power lens show several irregular depressions within their
own surface.

"Full-grown larva. Length, 12 mm.; width, 1.3 mm.; body cylindrical,

slightly tapering toward the head; the twelve segments behind the head
indistinctly separated. General color, except the head, dorsal shield
and last abdominal segment, dirty white, often becoming more yellowish
before pupation. Head dark brown apove and on the sides, same color as
rest of body below; posterior margin with a deep, quite broad, V-shaped
incision, ending in a broad deep suture which runs cephalad for nearly
one-third the length of the head, then divides into two well-marked

sutures wnich extend to the base of the antennae. These sutures divide

the head into three distinct parts, the anterior part being the largest,

x* Beller, 5. and Hatch, M. H., Coleoptera of tashington: Chrysomellidae.
Univ. of Washe, Puble in Biol., Vol. 1, No. 2, pp. 106-107, 1932.

x%% Doane, R. We, The Imnature stages of Diabrotica soror, Jour. Ne Y.
Ent' SOC', Voll V', pp' 15-17, 1897.
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the other two parts are equal and censtitute the‘posteriér and part of
the lateral portions of the head,"Thérekis a dark median line ending
at the tip of a small V-shaped incision in the anterior margin of the
head, and a few rather strong hairs scattered over tﬁe surface of the
head. Antennaé white, three-jointed; first joint a little broader than
its length, second joint the shortest, narrower than the first, third
Joint cone-shaped, its greatest width about equal to its léngth. No eyes.
Labrum seme color as rest of the head. Nandibles dark brown, darker at
tips, other mouth parts and appendages whitish., Cervieal shield brown,
paler than the head, broadly shield-shaped with quite a broad median white
line, a few rather long hairs and several shorter ones scattered over the
surface. The remainder of the pro-thorax, the meso- and meta-thorax same
color as the rest of the body. Legs pale, three-jointed, supported by
dark brown chitinous framework; several short rather stout hairs on each
segment: a whitish, elliptical, striated lore arising beside the single
brovn tarsal claw. Segments four to eleven, all similar, skin wrinkled,
somewhat papillose, a few scattering hairs over each segment; on the
lateral margin of each segment is a long stiff hair just vosterior to
one and sometimes two smaller and shorter hairs. Dorsal shield of posterior
segment semicircular in outline, dark brown, finely sculptured so as to
produce numerous hexagonal pitted areas much resembling the markings on
the eggs; several strong marginal hairs and two sub-triangular processes
near the posterior end. A single 7leshy proleg.

"The larva agrees almost perfectl: with Prof. H. Garman's deseription
of the larva of D. 12-punctata as given in Psyche, Vole. VI, ps L48. The
only special difi'erence I would note is in the description of the dorsal
shield of the posterior segment which he describes as follows: '"Dorsal

shield of posterior body segment nearly circular in outline, brown, with
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Figure 25. Adult Diabrotica sorore.
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numerous minute black specké, slighfly rimmed atvposterior margin; and
in young examples obscurely bituberculate; burnished with several strong
mﬁrginal hairs, and with four minute, striate, centrally-placed spatulate
appendages.

"Pupa. Whitish or straw-colored. Length o4 mm., width 2 mm,
Scattered brown hairs o&er the body arrangeqd as follows: six on the head
arranged in three transverse pairs, one pair close to the base ard Just
cevhalad of the antennae, one Just caudad of the antennae, and one near
the meso-dorsal angle of the eyes; ten on the prothorax, one pair on the
anterior margin, one pair near the lateral margin, and one rair near the

posterior margin, a pair just anterior and a larger pair just posterior
to the middle near the mesal line; an arched row of four hairs each on
the meso- and meta-thorax; a vair in the middle and one on each gide of
each abdominal segment; last three segments with another pair slishtly
anterior to and more widely separated than the median pair; last segment
also with a pair between and a pair.in the bases of the caudal spines,
and another pair just anterior to the lateral pair. Caudal spines usually
slightly curved, brownish at tips. Fach femur with three hairs near the
extremity. Wing pads clear white, covering_the proximal part of the
posterior femor. Antennae curving outward around the femora of the meso-
and meta-thoracic legs, then meeting on the median ventral line between
them.

'As the pupa grows older the eyes, wing parts, parts of ihe legs and
antennae and the tips of the mandibles begin to turn much darker.

Life history of Diabrotica soror.

There is no complete published account of the life historvy of this

insect. The fertilized female vershibernates and occasionally can be
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found feeding on warm days iﬁ the winter. Few malés survive the winter
months. The females become active late March to early Avpril and deposit
eggs benéath the surface of the séil near the roots of food plantse ?he
duration of the egg and larval stages haé not been stﬁdied; Tha:young
1afvae feed on the roots of many different host plants and when mature
form a pupal cell near the surface of the ground. They remain in this
cell approximately tws wéeks before pupatinge. Thelpupal period lasts
approximately two weeks. Adult beetles emerge, appear the latter part
of June to the beginning of July. The beetles of this generation migrate
to gardens, orchards, hop yards, and other favored localities where they
feed until cold weather inhibits their activity in the fall.

Economic importance of Diabrotica sorore.

This insect is distributed renerally in the states west of the
Focky Mountains and has been increasing in its economic importance since
1¢10. The larvae feed on the roots of corn, potatoes, legumes and other
crops and at times cause considerable damage. The adult beetles are
omniverous and attack nearly all truck and vegetable crops, flowers, or-
chards and field crops. Hops is not generally considered one of their
preferred hosts but occasionally considerable damarge has been attributed
to them.

Control of Diabrotica soror.

There are probably many natural eremies of Diabrotica soror but few
have been reported. Chittenden mentions the tachina fly Celatoria

diabroticae Shim. (C. crawii Coge.) and the spider Xysticus gulosus Keys.

lany attempts have been made to control this insect by the use of
poison sprays and dusts. Hydrated lime or gypsum have the tendency to

repell the adult beetles from the dusted plants. Pyrethrum sprays and
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dusts are reported‘to kill the adults when the material contacts them.
Mote and Thompson’have had good results with the airplané dusting of -
calcium arsenate and,pyrethrumJ Mbchaniéal dusting with these materials
from the ground were not as effective. G. R. Ferguson in a sﬁpblementary
report to the Cregon Experiment Station, 1938, conducted laboratory tests
with Pyrethrum, Cubé root, calcium arsenate, lead arsenate, sodium
silicofluoride, sodium aluminofluoride, barium silicofluoride and tartaer
emetic, nicotine sulphate, phenothiazine and dinitro-o-cyclohexyl phenol
in spray and /or dust form. Adult beetles were introduced to treated
bean leaves in these trials. Relative effectiveness of these materials
was based on the concentration required to kill fifty percent of the
beetlés. The most effective materials were pyrethrum, calcium arsenate,
sodium and barium silicofluoride.

Pyrethrum is very active chemically and its toxicec effect is very
short. Satisfactory control with this material necessitates the contact-
ing of the insect with the materiel. This is not possible when applications
are made mechanically from the ground because the beetles are prone to
fly at the slightest disturbance. The beetle is strangely resistant to
stomach poisons and very hirh dosages are necessary to kill them. The
application of an arsenical or fluosilicate poison to hops is not feasible
because of the residue problem. Further toxicological tests with new or

untried poisons should be continued in the laboratorye.
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Psylliodes punctulata Mels.

Descripﬁion of Psylliodes punctulata.

Genus Psylliodes latr.x '"Head oval, deeply inserted, the front in-

clined, or mnearly vertical, without carina, but forming a broad flat
plate, tubercles not distinct, usually with an arcuate impressed line,
which marks the lower edge of the tubercles (entirely a:sent in sublaevis),
clypeus truncate, labrum moderately -rominent, entire. Antennse 10~
Jointed, separated at base, inserted at the inver border of the eye, fili-
ferm, slightly thicker externally, first joint slender clavate, joints
2-3-1; nearly equal, 5-9 gradually slightly shorter, tenth longer, acute
at tip. Maxillary palpi slender, second joint slender clavate, third
obcenical, acute at tip. Thorax transverse, narrowed in front, base
broadly arcuate, with distinct marginal line, obliterated at middle.
BElytra oblong oval, usually widest slightly in front of midéle. Proster-
num moderately separating the coxae and not depressed between them,
dilated at apex and with the epimera closing the cavities. Mesosternum
moderately long, slightly oblique. Legs moderate in length, posterior
femora much thickened, deeply sulcate beneath for the tibiae. Anterior
and middle tibiae slender, the outer edge rounded, posterior tibiae
broader toward apex, the posterior edre sinuate near apex and with a
border of short ciliae,the tip prolonged beyond the insertion of the
tarsi and terminated by a short spur. Posterior tarsi long and slender,
the first joint more than half the lensth of the tibiae, the third joint
narrowly biloted, the fourth slender and with moderately long simple claws.
"This genus is probably cne of the most easily recognized of the tribe

by the structure of the antennae and posterior tibiae. The apex of the

* Horn, G. H., Trans. Am. Ent. Soc. XIV, 1889, 309~311,.
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posterior tibia is not simply prolohged’beyond the insértion of the
tarsi,’bﬁt is excavated slightly exfernally. These tarsi resemble those
of Longitarsus, although the first joint is really longer in proportion
to the tibia.

"In the "Benera" Chapuis states that the anterior coxal cavities are
open, but the error hzs already been noticed, and, in 1873, Crotch had
placed the genus in the series with closed cavities.

"The European species do not seem to exhibit any well defined sexual
characters, but these are quite well marked in all our species, although
less distinet in sublaevis.

Species punctulata liels.* "Form elongate oval, little narrower in

front, moderately convex pice us, surface dark bronzed shining. Antennae
a little longer than half the body, three basal joints pale, the cuter
joints brownish. Head sparsely indistinetly punctate, the surface usually
slightly alutacecus. Thorax a 1little more than half wider at base thaﬁ
long, distinetly narrowed in front, sides feebly arcuate, distinctly ob-
liquely truncate at front angles with feeble post-apical angulation,

disc moderately convex, the punctures rather coarse, but not dense, the
intervals usually distinetly alutacecus. Elytra not wider at base than
tre thorax, humcri obliguely rounded, sides :.:oderately arcuate, widest

in front c¢f middle, disc moderately convex, punctato-striate, striae feebly
irpressed, punctures coarse, rather close, but not serrate, ir'ervals
slightly convex, scarcely ider than the striae, each with a single series
of fine punctures. Body beneath plceous, shining. Abdomen distinctly
punctate a-d alutaceou:s, the punctures coarser, more deepl: impressed

and sparser along the middle, denser at the sides, sparsely pubescent.

Anterior and middle femora piceous, the posterior distinctly bronzed, the

* Horn, G. H., Trans. Am. Ent. Soc. XIV, 1879, 209-311,




tlblae rufotestaceous, darker at mltﬂle. Length .08--.10 1nch.; 2-=2¢5 mm.

: The male has the flrst Joint Qf the anterior tarsi broadly dilated.
The 1ast ventral segment is- 31nuate each side, the middle of disc near
apex with a semi~oval depression.

"This species is the commonest form taken everywhere in the eastern
region. It is the most elongate of the species. The thorax is usually
comparatively coarsely and closely punctate with the intervals distinctly
alutaceous. Specimens rarely occur with the thorax rather finely and
sparsely punctate. The punctures of the elytral striae are always closely
placed, almost crenate, and by this means (in the absence of the male).
the species may be separated from convexior.

"Widely distributed: Massachusetts and Canada, westward to Washington,

Vancouver and California, Nevada, Utah, Kansas, Colorado and Texas."

Descrintion of the various stages of Psylliodes punctulata.

E§5. The eszs of the hop flea beetles are approximately o33 mm. long
and +15 mm. wide. They are ellipto-cylindrical in shape and quite vellow
in color.

Larvae. The larvae are delicate, slender, white, grublike individuals
wien first emerging from the egg. They are about one half millimeter in
length. After a few hours the head darkens and the body turns grey with
& dark patch on the last segment of the abdomen. The number of instars
and the development of the larvae las not been completely worked oute

Pupae. The pupae arc pearly white wien newly formed and ars much
like the adult beetle in form. The sheaths for the adult appendages are
free from the body, and the legs, wing pads and antennae although folded
up, ars easily distinguished.

Adults. The adult beetles are pale for several hours after emerging

from the puparium. They later become dark smooth bronzy black individuals
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and Vary from 2 to 2.5 nme in length and 1 to 1.5 . iﬁ‘width,' The hind
legs are especially adapted for jumping. The specific name punctulata
‘refefs to the pitted condition of the head, thofax and elytra. The adult
male heetles ars similar in appearahce to the femmles but ére generally
smaller in size. Males are distinguishable by the semi-oval depression
near t'e avex of thé last ventral segment.

Life history of Psylliodes punctulata.

The adult beetles vershibernate in the fall of the year and resume
activity whenever temperatures reach L5 to 50 degrees F. They feed on
nettles and other hosts at this time. Continuous activity is generally
resumed earlv in March and the adults reach a peak of abundance about the
mid le of lay. Generally the beetles ha'e disappeared by the beginning
of June. Teeding on the foliage of heops is general during this active
adult period.

Eggs are deposited from one to two inches beneath the scil surface
during this earl: spring period. They are deposited either singly or in
clusters and one ferale will lay from four to sixteen eggs. 7arm moist
soil is favorable for incubation and eggé hatch in about two weeks at
this time of the year.

The larvae feed on the roots of hops and other plants and recuire
ahout five weeks to reach maturity. The number of larval instars has
not been determined. They vass through a prepupal pericd of about two
weeks before pupatinge The true pupal stage requires about two and one -
half weeks.

The summer brood of adults appears the latter part of July and feed
on hop foliage until cool weather in the fall inhibits their activitye
The beetles are fully mature four to five days after emergence. There

is one generation per year.
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Economic importance of Psylliodes punctulata.

The hop flea béetle is distributed throughcut the United States and
Cénad;’anaﬁhas'been taken from Ontario to Flo;idauand Briﬁish Co1umbia:>
to Southern California. It attacks netties4ﬁopé; fadishés, hanglés;
mustard, rhubarb; tomato, lambs-quarters, watermellon, cabbage, chickweed,
clover, cucumber, dock, potato, sorrel and turnips. Hops is however its
preferred host plant.

It was present in the Chilliwack Valley, British Columbia as early
as 189l but did not become of economic importance until 190%3. They became
very destructive to hop yards between 1903-1908 in the Chilliwack and
Agassiz Vallers, British Columbia. The infestations at this time resulted
in a loss of 5% of the hop crops in these localities. Parker (UeSeDelie
Bulle 82, ptel, 1910) and (U.SeDeA. Bull. 66, 1909) investigated the
insect at this time and pictured entire hop yards which were destroyed by
the ravages of this pest. Great fear was held by the hop growers of
Vlashington, OUregon and California but after 1910 they decreased in num=-
bers and are not considered to be of serious economic importance at this
time. Very few beetles were noted in Oregon hop yards during the biennium
19%7-1938, They continue to threaten the hop industry however, and probably
will break out in great numbers at some future date.

Control of Psvlliodes punctulata.

Biological control. Natural enemies are probably responsible for the

decline of hop flea beetle wopulations. This control msasure has not
been studied but Parker mentions the possibility of bacterial diseasese.
He stated alsc that two species ol centipedes and carabid larvae were
abundant in hop yards and that they were probably predaceous on hop flea

beetle larvae.
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Cultural control. Parker found that approximetely 85 percent of

the beetles on a hop wine could be capturéd and'destfoyed by brushing
them from the vine with a feather duster onto a tarred plece of canﬁas.
This method was slow “ut fairly effective. Another effective preventive
measure was the application of tanglefoot to each hop vine aporoximately
two feet above the ground level. This nrevented the beetles from reach-
ing and feeding on foliage. Large numbers of beetles were destroyed by
Jarring the trellis poles and collecting the beetles on a tarred viece
of canvase The destruction of vine stubs and string pvegs also aided in
the mechaiical control of this pest. Rolling of the hop yard with a
heavy roller was found to be impractical in the control of hibernating
beetles. Cultivation and fertilization was believed to aid in the
control of flea beetles. Light traps, trap corps and trap shelters were
found to have little value.

Chemical control. Parker tried a number of insccticides against the

hop flea teetle and found that lime, bordeaux mixture, bordeaux-tobacco
were revellants and had some insecticidal value. 5-5-50 bordeaux burned
tre terminal bud and caused many lateral shoots %o develop. Resin lye

and whale oil scap were ineifective. Kerosene emulsion and nicotine sprays
were effective but it was necessary to contact the beetles. laboratory
results showed that lead arsenate at the rate of 10 pounds per 100 zallons
of water was gquite toxice.

No toxicological investigations on this insect have been attempted
since the time Parker made tihese studies. Since that time Rhotenone and
Pyrethrun have beer found effective against other trnes of flea bectles.
Many new insecticides have been developed since 1909 and these may have

insecticidal value on this insect. Laboratory ins=cticidal investiecations

—E
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should be conducted with these materials in case the Experiment Station

is challenged by a severe outbreak of this insect.
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Formica -fuseca

Formica fusca wes described by Linnaeus in 1758 (Sys. Nat; Ed. 10,
1758, o0 pe 580.). The following‘description ha.s been taken from the
writings of Linnaeus in Faunae suecicae descriptionibus aucta, Vol. 3,
PPe 332-33lL, 1789 (0.A.C. Lib. 163, L.5):

| GENUS X
Formica squamula erecta, Thoraci abdominique interjecta.
Aculeus foeminis & neutris reconditus

Alae maribus / foeminis; sed neutris nullae

fuscas 3 Fo (la brune) cinereo-fusca, tibiis péllidis.
Faune Suecelen.l021 Formica fuscae.
Raj. inse 69. Formica media, nigro colore splendens.
Fabe 9 nigra, ore. thoracis apice pedibusque ferrurineis
Enume ne 833,
De Geer. tom. 2. p. 1082 t. L2,nigra nitida, squama
petiolari.
Geoffe inse te 24 p. 1128 n.5
Hulle Line nate cl. ve pe 912
Hab. in Europae terra sabulusa. Ascendit arbores. In
ejus acervis hab. scarabaei aurati larva. V.
Desc. Corpus cinero-fuscum, »ilis cine-ras centibus
mirutissiris vestitum, unde certo modo ad lucem
visum, videtur nigrum, alias cirereume Caput fere
thorace angustius. Thorax teretius culuse.

Squama. integerrima, guadrato-emarginata, Anternae

infimo articulo longissimo rufo Femora fusca
Tibiae pallidae. P. Forslkaehl Faun. 1722.

Ubs. Harum formicarum acervi ubique in sylvis obvii.



In his acervis formicae oper ariae apterae, foeminae

& mares. Nymphae ut ova falso a rusticis considerantur. V.

A literal translation of the Linnaeus description is given by Mr. J.
Schuh and the writer as follows:
GENUS X
Formica. (An ant) Scale erect, between thorax and abdomen.
Sting concealed in females and neuters.
Wings on males and females but none on neuters.

Species fusca. 3 French {(dusky) Dark ashy colored, tibia pallid.

Faune. Suec. le n 1021 Formica fusca.

Raj. inse 6C. Formica media, black shiny color.

Fabe. 9 Black on the edge of thorax and rusty on tips of
legs.

Enum. n. 83%3%,

DeGeer. tom. 2 p. 1082 t. 42. Scale of petiole black shiny.
Geoff. inst. t. 2. p. 428 n. 5

Mull. Lin. nat. cl. v. pe 912,

Habitat. On sandy so'l of Europe. Climbs trees. In

their mounds live the larvae of Scarabaei aurati v.

Description. Body dark ashy grey, covered with very small
matted ashy hairs, whence seen in a certain mamner will
appear black, at another time ashy colored. Head nearly

as narrow as thorax. Thorax almost rounded. Scales entire,
quadriemarginated. Last joint of antennae verv long, red-
dish Temora dark colored Tibiae pallide P. Forskaehl Faun.
1722,

Observation. The mounis of these ants are always found



in the forest. In'théSe ant mounds are wingless workers,
females and males. Nymphs and eggs when wrongly away

from the mounds will be carefully cared for.
Description of castes of Formica fusca fusca *

"Worker. Length Li~6.5 mm,

Body rather slender.

Head longer than broad, narrower in front
than behind, with straight posterior and lateral borders.

Eves largee.
vandibles Zetcothed. Clypeus sharply carinate its entire length, with
entire, rounded, rtrojecting anterior border.

Frontal carinae moderately
diverging behind. Antennae rather slender, the scapes slightly thick

kened
towards their tips, the basal joints of the funiculus 'scarcely

longer and
but little more slender than the penultimate Joints.

¥axillary palpi
moderately long. Thorax narrow; pro- and mesonotum but slightly convex,

rather depressed above; mesogpinotal constriction shallow

; epinotum with
subequal base and declivity, both straizht in profile, the former horizon-
tal, i

ke latter sloping, meeting at a distinct but obtuse angle. Petiole

surface, ‘ts border rather

8

narrow, cuneate in profile, with convex anterior and flattened posterior
rarp, entire and broadlv rounded when seen
from behind. Gaster small, legs rather slender.

"Subopague and very finely and sharply shagreened; mandibles

coarsely striatopunctate; clipeus finely longitudinally striate.

Frontal
area subopague, onlv the sutures surrounding it shining.

"lairs and pubescence whitish, the former short,

erect, very
sparse, cinfined to the upper surface of the head, trorax and gaster,
coxae and venter. Eyes hairless,

Pubescerce dense on the head

thorax,
and gaster, longest on the gaster, giving the surface a slightly pruinose,

but not a silky appearance,

"Blacik; mandibles,

scapes, basal joints of funiculi, and legs
deep red, fewora and tibiae, except the lnees, often darker.
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"Female. Leﬁgth 7-1O .

Smallerkthan the females of rufa, but the gaster proportionally
larger and more ellip#ical. Thora;,broadgr than the head, which, exclud-
ing the mandibles, is as broad as long. DPetiole compresséd anteroposter-
iorly and broader ﬁhan in the worker. Wings long.

| vSCulpture; pilosity, and color much as in the worker, except
tha% the gaster is very smocth and shinive, with much more dilute pubes-
cenée. Wings nearly colorless or very slightly vellowish; stigma brown.

M"Male. Lensth 8-10 mm.

Body slender, mardibles narrow, pointed, often, if not always,
denticulate. Head broad behind and considerably narrowed in front, with
large eres, straight posterior border and cheeks and rounded posterior
corners. Clvpeus ccnvex, bluntly carinate. Thorax broader than the head.
Peticle transverse, somewhat compressed anteroposteriorly towards the
superior border, which is blunt and, seen frow behind, with 2 broad and
very shallow median excision. Gaster rather long and narrow. Stipes but
little longer than the volsellae and sazittae.

"Head and thorax, including the mandibles ar’ frontal area, sub-
opague. Gaster distinctly shining.

"Hairs and pubescence much as in the worker, the former absent
on the upper surface of the gaster. Iyes hairless.

"Black; gaster often more brownish; scapes and tivs of mandibles
dark brown; legs and gemitalia yellow. Bases of the coxae and sometimes
also the last tarsal joint of each fcot, black. Wings grayish hyaline,

scarcely darker than in the female.

* wheeler, W. M., Bull. Muse. Compe. Zools, Vol. LIII, No. 10, Cambridee,
lass., Oct. 1913,
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Figure 26. Pupae, Formica fusca fusca.
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Figure 27. Worker, Formica fusca fusca
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Life history of Formica fusca.

The life history of Formicidae varies creatly with the genera, sub-
genera, species, subspecies and varieties. The ant colony ié gomposed
of three general castes, the queen or fertile female, the worker (generally
sterile female) and the male.

A colony is generally started after the wirged males and females
take their nuptial flight. They lose their wings soon afterward and the
‘male dies. The female generally seeks a suitable location and deposits
her eg?s.’ The eggs are small eiongated and white to vellowish in color.
These hatch from two to six weeks and the larvae are white legless grubs
somewhat narrowed toward the head. The larval period varies from cne

to four months. Some of the pupae of F. fusca are covered with silken

cocoons wrile others are naked. Three or four weeks are spent in this
transition period.

The adult ants of the first brood are generally small and are com-
posed ertirely of workers. Subsequent broods are larger in size and the
workers take on svecialized duties. Iggs and nupae are carefully guarded
and cared for by the workers. Ther maintein optirum temperature and
humidity corditions for the egrs and pupae by traunsporting them from
place toc place. The workers are zenerally sterile but are knowm to lay
egos frow tine to time and these are believed to develop into male ants.

The food of Formicidae varies greatlr. YNanv swvecies ferd on sugars
or supar secretiors while others are credaceous and have a protein diet.

The habits of Formicidae vary with the svecies and subspecies.

Formica fusca and its allies are generally timid and are often captured

b:- other species of ants and either eaten or held as slaves. As slaves,

ther carrr on specialized duties in & new ant colony. There are numerous
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reports of~fhe prédaceoﬁs habitsyqf F. fusca and when occurs“itris-be-
lieved that F. fusca is colledting food for some protein feeding slave

holders

Economic importance of Formica fusca.

Reports were brought to the Department of Entomology by Dr. R. E.
Fore and lire. G. R. Hoerner of the Experiment Station that ants were
causing considerable injury to hop roots in the vieinity of Yakima,
“ashington and Hermiston, Oregon. Specimens of these ants were obtained
by mail and sent to the United States Department of Agriculture for de-

termination. They were identified »v Dr. M. R. Smith as Formica fusca

Linn. variety. A review of *he mass of literature on the subject of
ants showed that Formica fusca and its varieties have never been con-
sidered of great economic importance. There have been occasional refer-
ences to their vredacecus ha:its and at times nrobably serve as a
pollenization agent. There is no mention of plant injury by Formica
fusca or its varieties. There are several possible explanations to
meet the available data.

1. The species obtained may bhave teen slaves to another colony of
ants which were causing the damare to tne hop vines.

2. The presence of '+ fusca about the vines may have been due to

their attack on a n»nrimarv host of the hop plant.
5. They may have been feeding on the secretion of hop vplant result-
ing from the attack of a primary host of the hop.

4o This variety of Formice fusca may have been Cirectlv responsible

for the hop injury.

The problem is very interesting and eiforts should be made to collect



more data on this subiect and establish the correct economic. status of

this insect.

Control of Formica fusca.

Thére ars numerous.ways of controlling ants. Trapping, spraving
or dusting with contact poisons and the use of poison harriers are
sometimes effective in reducing numbers but do rot result in complete
eradication.

So0il fumigants such as calcium cyanamid, carbon disulfide chlcoro-
picrin ard others are quite effective but require caution in their ap-
plication.

Poison btaits are commonly used for ant control. The workers collect
ard carry food to the colom where it is regurgitated and fed to larvae,
worker, male and female ants. FPoisoned food is ef’ective in the eradi-
cation of ant cclonies in this way. It is necessary to determine the
kind of fcod the ants are accustomed to collect before attemnts are
made to poison them. Several of the susar and protein haits are listed

as follows:

1. Granulated sugar - - 50%
Strained honey - - - 15%
Glvecerin - - = = = - 10%

Water = - = = = - - 25%

Add 25% of an acqueous solution of thallium sulphate
(1-2000) to the above boiled bait.

2. Boiled sugar - = - - 97%
Paris creen - - - - 3%

Y Tartar emetic 1 to 500 in cheap table Syrup.

L. Granulated sugar - - 657
Strained honev - - - 30%
ater = = = = = - = 5%

Add 5% of a hot acqueous solution of tartar emetic
(1-1000) and sodium arsenite (1-80) to the above
mixture.



5e Tartar emetic - - - = 10%
Lard or bacon grease- 90%
All of the above proportions are computed by weight. Care must be
exercised in the uses of poison baits because they are quite toxic to

all kinds of animal 1life when takenlinternaliy.
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Hyphantria cuhéa(Drury

The fall webworm was described by Drury (Ill. Exot. Ent. 1, pl.18,
£. L, 1770) in 1770. The original description has not been seen but
the following description is taken from an article by C. V. Riley (Fifth
Rept. of the Entomol. Comm.; House. Miscel. Documents. lst Session. 5lst.

Congress, Vole. U4l, pp. 2L5-2L7, 1889-1890) .

Description of Hyphantria cunea Drury.

Lge. "The egr, measuring .l mme is of bright golden~yellow color,

——

under s marnifving lens the appearance of a beautiful golden thimble."

larva. "The caterpillars just born are vale vellow with two rows

of black marks along the tody, a black head and with quite sparse hairs.
jihen full grown they generally avpear pale yellowish tc greenish, with

a broad dusls stripe alonz the back and a —ellow stripe along the sides;
thev are covered with whitish hairs, which spring from black and orange-
yellow warts. The caterpillar is, however, very variable both as to
depth of coloring and as to markings. Close observations have failed to
show that different food produces changes in the coloration; in fact
nearly all the various color varieties may be found upon the same tree.
The fall generation is, however, Cn the whole, darker, with browner hairs
than the spring generation.’

Pupa and cocoon. 'The cocoon itself is thin and almost transparent,

and is composed of a slight web of silik intermixed with a few hairs, or
mixed with sand if wade in the soil.
The pupa is of a very dark-brovm color, smooth and polished,

and faintly punctate; it is characterized by a swelling or bulging about
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the middle; It ks .60 1nch long and 23 inch’ broad in the mlddle of
its body, or where it bulges a 11tt1e all round."

The moth. "The moths vary greatly both in size and coloration.
They have in consequence of such variation recelved many names such as

Sunea Drurv, textor Harr., Eunctata Fltch punctatissima Smith. But

there ig no doubt, as -proven from frequent breeding of sbeciméns, that
ali of these names apply to the very same insect, or at most to slight
varieties, and that Drury's name cunea, having priority, mus£ be used

for the species.

The most frequent form observed in the vieinity of Washington
is white, with a very slight fulvous shade; it has immaculate wings,
tawny-yellow front thighs and blackish feet; in some specimens the tawny
thizhs have a large blacl scot, while the shanks of the upver surface
are rufous. In many, all the thighs are tawny yellow, while in others
they have scarcely any color. iome specimens (often reared from the
same lot of larvae) have two tolerably distinct snots on each front
wing--one at base of fork on the costal nerve and one Just within the
second furcation of the median nerve. Other specimens, again have their

wincs spotted all over and artnroach the form punctatissima, described

as the "Many-spotted Hrmine-moth" of the Southern states. The wings of
the moths expand frem 1, inches to 1 3/8 inches. The male moth, which
is usually a little smaller, has its antennae doubly feathered beneath,

and those of the female rossess instead two rows of minute teeth.”

Life history of Hyphantria cunea Drury.

This insect overwinters in the pupal stage and adults make their
appearance about the middle of June. They mate soon after emergence

and the female deposits ap-roximately 500 ercs on the under side of
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foliage.' The colér’qf the egg changes-torleadeh grey'abéﬁt twénty;four
hours before hatohing. The incubation period during thé spring months
averages ébout two Weeks.

~ The meﬁly hatched larvae average about 1/?5 of an*indh in lengthe
They are gregarious in habit and spin silken webs which enclose’the
foliage on which they feed. The web becomes more pretentious aé the.
larvae increase in size. There are six larval instars and the mature
webworans averare about one inch in length. They lose their gregarious
instinct after reaching maturity and leave the web. Ilarvae are mature
about the latter part of July and spend several days in a prepupal
stace a’ter which they spin a thin silken cocoon on the ground, in
debris or in any sheltered place. The pupal stage lasts about one week
and the adult moths of the sum sr brood emerge about the middle of
August. The summer brood of eggs hatch in abtout one week and the summer
brood of larvae become mature =out the latter part of September. They

pupate and overwinter in this stage.

Economic importance of Ilyphantria cunea.

The fall webworm: was ccnsidered an exotic species in 1770 but

o

became a vest of shade and forest trees in the latter part of the eigh-
teenth century. It remained an economic pest until about 1520 and since
that date its avpearance has been very intermittant.

It is a general feeder and over one hundred and twenty-five food
plants have been listed by the United States Departrent of Agriculture.
Hops is ircluded ‘n this list. The resal damage consists of the damarge
to the lea:f tissue of tie host plant but the esthetic value of shade and

ornamental plantinecs are often destrored by the unsightly webbing of the

larvae,
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Control of Hyphantria cunea.

Biological céntroly. Naturalgchecks of'a'diférsified[natﬁrefgp& in-

3

considé;abié'éﬁﬁndéncevﬁrey on this Species;'>lﬁéécfivoroﬂs birds, and
mammals, egg parasites, internal pargsites, predacéous eﬂemies and di-
‘seases are among these‘natural“égencies.‘ It is believed that tﬁe combin-
ation of these biolorical control factors are responsible for the decline
in economic importance of this pest. |

Mechanical control. The most economical method of control of the

fall webworm is the prunirg and burning of infested leaves and branches.
This is practical when infestations are not widespread.

Chemical control. The fall webworm is easily controlled by arsenical

sprays at the rate of three pounds per hundred gallons of water. Spray-
ing or dustine after the formation of the web is ineffective because of
the rrotection of the web. Arsenical sprays or dusts are not possible
on hops because of the residue nroblem. McIndoo reported that derris
powder (1 1b. to 65 gal.) was effective in the control of this pest and

this material may offer promise if and when Hyphantria cunea again be-

comes a problem in the Oregon hop yards.

Less important hop insect pests

There are a number of undetermined species of wireworms, leafhoppers,
and loopers that occasionally cause damage to localized sections of hop
yards. These were not abundant during the biermium 1937-1938 and no work
was dore with them.

There are more than fifty species of cutworms in Oregon and the more

important of these are the varierated cutworm, Lycophotia margaritosa Hubns,

the olive green cutwcra, Neuria procincta Grote, and the greasy cutworm,

Azrotis ypsilon Rott. No specimen has been taken from the hop vards during

the biennium 19%7-1938.
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Occasional reporfs have been‘bréught to the‘ExPeriment Station‘that
certain vine bores have been causing damage. The hop vine borer Gortyna
iﬁmanis has been a pest of New York hop yards for 6ver 70 years but it
is not known to exist in Oregon. R. O. Magie writes in Farm research
(Vol. V, No. 1, Jan. 1939, P.11) that calcium cyanamid is effective con-
trol at the rate of four pounds per acre when placed within an inch or
two of the borers. It is not recommended because of possible injury to
the plant.

Hops raised in the greenhouse during the 1938 season were severely

infested with mealy bugs and white flies probably Pseudococcus citri

Risso and Trialeurcdes vaporariorum Testw. An occasional white fly was

found on hop foliage in the field at Corvallis but they were not present

in sufiicient numbers to cause damage .

Need for further work

The Department of Entomology has of necessity used considerable time
and funds in instituting research into the many diverse hop problems.
Investigations of the many hop pests are important enourh to require the
full and undivided attention of ore investigator. The following is a
summary of the more important phases of this project which requires ad-
ditional and continued research:

l. Field toxicity tests. The ulti ate goal of the Department

of Entomology is to cooperate with the U. S. Department of Agriculture
in the development of a spray or dust which will successively control
aphis, red spider and downy mildew. Some measure of success has been
accomplished this year, but continued pesticidal and plant compatibility

studies are essential.
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2. Added féciiitiés needed. - Many additional facilities are

needed in order to continue important phases of the work. The Station
is not eQuipped to carry on a spray program in the new 15 acre hop yard
because of inadequate spray machinery.

5. Overhead irrigation as a means of red spider control.

Several Oregon hop growers have installed overhead sorinkling systems

in hop yards. These yards were visited several times during the season
oi’ 1958 and it was found that the plants were remarkably free from red
spider. Irrigation of this type is known to effectively control red
spiders on other cropse It is also possible that the station study this
problem from meany viewpoints before a general movement toward irrigation
of this kind takes place.

Li. Laboratory studies. Additional lahoratory and greenhouse

facilities are needed in order to test many possible means of pest con-
trol. Research of this kind enatles the investigator to study arnd dis-
card many worthless materials without subiecting them to costly field
trials.

5. Life histories and control of minor hop pests. Continued

efforts should be directed toward the identification of many minor hop
pests and to study their life history and possible means of control.
The hop growers around Hermiston, Oregon are anxious to have control in-

vestigations of the ant, Formica fusca L. var. which is causing consider-

able damage to hop crowns. Various insects such as cutworms, wireworms,
leafhoppers, loopers, vine borers, mealy Tugs, and white flies require
identification, life history, and control investigations.

6. Development of satisfactory method of dust applications.

ked spiders and aphids must be contacted by pesticides in order to ob-
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"vtain maximum toxie efficiency. A concentrated effort should be made
by the Experiment station to develop a satisfactory means of application
of dusts to pests that habitate the under sides of the hop leaves.

Present dusters do not meet this regquirement,
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19%8 HOP FEST PCPULATION DATA

Experimental hop yard . East Farm;»Corvallis, Cre.

Definition of terms

Treatment number., First number in column denotes number of
treatment.
Second number in column denotes replication
numbere.

Vine number. Numbers in column shows location of plant.

Ageo, Numbers in column denotes are of plant as either baby or
two year old plant.

% infestation. Percentage of leaves infestss with hop pest
(ten leaves counted per plant) a measure
of distritution.

Pop./leaf. Population per leaf -- a measure of pest density
(total pests of ten leaves recorded ==
for population per leaf, divide by ten.)

Ala. Alate hor anhis

Apte. Apterous hop aphis



Hop Pest Project

Date July 91938

‘reatment number l- Check

Corvallis, Oregon

Spray-fugt Block Speay

TRed Spider Hop Aphis
Treat, | Vine | Age Data Date Flea
No. | No, % Pop/ Pop/leaf Beetle Remarks
Infest.{ Leaf | Infest.| Ala,|Apt. Pop.

l-l e et - - - ’,.!

- - 10 - 2 -

= - 20 - 8 -

20 15 20 - 5 -
1-2 - - - = = -

- - 20 - 19 -
1-3

- - 20 - 3 -

- - 10 = oy -
1-4 - - 10 - 3 -

- - 30 - 9 -

- - 10 - 1 -
1-5 - - 20 - 8 -

- - 10 - 4 -

- - - - - 1l

10 14 20 - 5] -
1-6 - - 20 - 2 -

- - 10 - 1 -

- - 10 - 8 -

- - 30 - 7 -

- - 30 - 5) -
1-7 - - - - -

- - 3Q - 3 =

10 7 20 - 9 -

- - 10 - 2 -

- - 30 - 15 -

- - 40 - 28 -
1-8




Hop Pest Project

freatment number 1- Check

Date _ July 19 1938

Corvallis, Oregon

Spray-Ruat Block gpng ¥

1938

Red Spider Hop Aphis
Treat, { Vine | Age Data Data Flea
No., No, % Pop/ Pop/leaf Beetle Remarks
Infest.| lLeaf | Infest. Ala,[Apt. Pop.
1-1 10 4 - - - -
20 7 10 - 2 -
20 8 - - - -
0 | 2 30 1 -
1-2 - - - - - -
10 3 - - - -
10 1 20 3 - -
1l=3
1-4 - - - - - -
20 7 30 - 9 -
10 5 10 - 5 -
40 8 20 - 6 -
10 1 20 - 4 -
1-5 - - 10 - ] -
- - 20 - 3 -
10 1 - - - -
= - bio) = 3 -
20 14 - - - -
1-6 00 14 , 20 - -] -
L0 1 <0 - 4 -
- - 20 - 2 -
1-7 - - 10 - 2 -
50 12 20 - 4 -
30 10 - - - -
30 3 20 5] - -
1-8




Hop Pest Project

Treatment nimber 1 Check

Corvallis, Oregon 1938
Date duly 29 1938 Spray=-Bigt Block __ Spray
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No, No., % Pop/ Pop/leaf Beetle Remarks -
Infest.| leaf | Infest.] Ala,|Apt, Pop.
1-1 20 o - - - -
10 5 - - - -
=0 | o9 20 - 1 & -
1-2 - - - - - -
20 18 50 - 28 -
- - 60 - 8 - _|
10 5] - - - -
20 2 - - - -
1-3
- 10 - 5] - —
1-4 - - 10 - 1 -
20 16 - - - -
- - 10 - 2 -
40 18 - - - -
50 8 - - - -
1-5 - - - - - -
- - 0 - 1 -
- - 20 -2 - ]
40 44 - - - -
- - +0 - & -
1"6 - - - - - -
- - 20 - 2 -
1-7 - - 40 - o -
20 12 - - - -
- - 10 - 2 -
20 8 - - - -
1-8




Hop Pest Project

Date Tnne. 29.1933

Treatment Number 2

Corvallis, Oregon

1938

Spray=izrst Block Sppay

Treat.
No.

Vine
NOO

Age

Red Spider

Data

Hop Aphis
Data

%
Infest,

Pop/
Leaf

Infest.

Pop/leaf

Ala, |Apt.

Flea
Beetle
Pop.

Remarks

|21

7317

10

2 -

1 thrips

7138

[73-9

20

10 -

74=7

74 =8

-
1

1 white fly

74=9
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Treatment Number 2

Hop Pest Project Corvallis, Oregon 1938
Date July 7 1938 Spray-Dd¥t Block Spray
Red Spider Hop Aphis
Treat, | Vine | Age Date Data Flea
No. No. % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.] Ala,[Apt. Pop,
| §-1 - - - - - - 2 thrips
- - 20 -1 6 -
X x 2 = = = =
- - éD - 3 -
_2-2 - - lQ - :L -
- - 20 - 4 - 1 Biabrotica
- - - - - - 1 Biabroticsa
_3-3 - s - - - -
- - 20 - 6 -
- - lo oned 2 -
3-5 n - - S P
: : - - - - 2 thrips
- - 10 - 3 -
- - 20 - 4 -
3-6 - - 60 - 23 -
- - 30 - 27 -
- - 10 - 2 -
10 11 30 - 2 -
37 —
30 12 10 - 5 -
10 o] 10 - 4 -
- - 1Q - 2 -
- - 20 - 2 -
- - 30 - 11 -
-8




Treatment number 2

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Spray=buahiBlock Spray
Red Spider Hop Aphis
Treat, | Vine | Age Date Data Flea
No., No. % Pop/ Pop/leaf Beatle Remarks
Infest.| Lleaf | Infest.] Ala,|Apt. Pop.
| 3-1 20 10 - - - -
20 8 20 - 8 -
- - 10 - 1 -
-2 = - = - = -
20 7 20 - 5 -
10 S - - - -
30 11 20 - 10 -
- - 10 - 1 -
| -3 20 5 - - - -
10 2 10 1 - -
20 8 20 - 3 -
- - 10 - 2 -
10 -2 - - - -
- - 10 - 1 -
30 9 - - - -
10 1 - - - -
(&5 - = = == =
40 18 - - - -
- - 20 - 19 -
10 1 40 - 6 -
>-6 - - o0 - 12 -
20 7 o0 - 15 -
20 ' 60 = =i -
20 13 - - - -
10 8 - - - -
30 12 - - - -
57 -
10 L - - - -
60 21 10 - o] -
10 5] 20 - S -
20 o] 10 - 9 -
-8




Hop Pest Project

Treatment number 2

Corvallis, Oregon

1938

Dete July 29 1938 Spray=Rugt Block Spray
Red Spider Hop Aphis
Treat. | Vine | Age Data Data Flea
No., No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.| Ala.|Apt. Pop.
1 20 2 - - - -
- 10 5 - - - -
- - 10 - 1 -
30 9 20 - 6 -
2-2 - - - - - -
20 18 50 - 28 -
- - 60 - 8 -
10 5 e - - -
20 2 - - - -
2-3 - o - - = -
24 - - 10 - 1 -
20 15 - - - -
- - &0 1w - 2
10 2 20 - 3 -
40 18 - - - -
B - - T I I
- - 10 - S -
- - 10 - L -
- - <0 - 2 -
40 44 - - - -
Be - = = = 1= -
= . 20 o 2] -
57 J—
- - 40 - 5 -
20 12 10 - 2 -
20 8 - - - -
28




Hop Pest Project

Date

June 29 1938

Treatment number 3

Corvallis, Oregon

Spray=~$uit: Block

1938

Spray

Treat,
No.

Vine
No.

&
[+ ]

Red §pider

Data

Hop Aphis
Data

%
Infest,

Pop/
Leaf

Infest,

Pop/leaf

Ala,

Apt.

Flea
Bestle
Pop.,

Remarks

&l

71-1

10

2

1-2

71-3

oy !
O

20

18

72-1

70

25

2=2

20

2

/2=3

30

w«
14V]

2 thrips

-2
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1 Biabrotica
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Trestment number 3

Hop Pest Project Corvallis, Oregon 1938
Date Inly 9 1938 Spray-Baet Block Spray.
Red Spider Hop Aphis
Treat. |{ Vine | Age Date Data Flea
No,. No. % Pop/ Pop/leaf Beatle Remarks
Infest.| Leaf Infest.| Ala,|Apt. Pop.
| 51 10 1 30 - r} - 2 thrips.
P 40, - 7 -
= = ?n - 4 -
Z0 [27a) 9 - 4 -
- = 30 - 4 -
B2 - - - - - -
= = - - - 1l white £ly
- - - — ._] .
53 - - - - - -
- - - - [ 4 1 B
- - 20 - 12 -

- - - - = - 1 Qp" ttle hﬂg
| Eed = - | = .| - - Disbrotics
- - 40 - 27 -

— = = L= o -
| 5 - - - - - -
- - 40 - 21 - a
- - - - - -
- - 10 - 3 -
}6 - - - - - -
- - 30 - 3 -
- - 10 - 1 -
- - 30 - 5 -
- - 20 - 4 -
-7 10 3 10 - 5 -
10 6 10 - 3 =
20 3 20 - 4 -
- - 10 - 1 7 -
-8 —




Treatment number 3

Hop Pest Project Corvallis, Oregon 1938
Date ____ Julyl9 1938 Spray-fuat Block Sprgy
Red Spider Hop Aphis
Treat. | Vine | Age _Date Data Flea
No. No, 7 Pop/ Pop/leaf Beetle Remarks
Infest,| Lleaf | Infest.| Ala.[Apt. Pop.
51 _ 20 10 - - - =
20 12 - - - | -
30 18 20 - 5 -
- - 10 - 12 -
B2 10 7 e - - -
- = = = =
@.-8 - - [ - - -
- - 10 - 2 - _
10 1 - - - -
-2 - _ N S N
20 8 10 - 2 -
- - 10 - 7 -
1 10 2 30 - 15 -
20 9 10 - 1 -
5‘5 - - - - - -
- - 20 - o) -
20 4 - - - -
20 10 - - - -
- - 10 - 1 -
3-6 10 1 40 - | 16 -
30 o) 10 - 1 -
=7 . - - S -
20 8 20 - 3 -
40 30 - - - -
60 al - - - -
50 20 - - - -
3-8




Treatment number 3

Hop Pest Project Corvallis, Oregon 1938
Date July 29 1938 Spray-di#dtt Block _Spray
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No, No. % Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf | Infest.] Ala,.[Apt, Pop.
| &l I o) 3 - - - -
g 50 37 10 - 4 -
‘ 10 5] 10 - 14 -
10 3 30 - 3 -
- - =, = = -
10 1 20 - 4 -
4. Z - - 10 : 1 -
- - 10 P T | -
- - 10 - 2 -
B'S - - - — - "
10 1 10 - o - _
- — 2 0 - 1 =
10 1 - - - -
— — = = = =
B4 - - 10 - 1 -
30 14 10 = 1 -
20 14 10 - 3 -
30 7 40 - 8 -
- = 10 - 1 -
2-5 - - 10 - 1 -
20 2 30 - 5 -
20 7 30 - D= - -
40 [510)] - - - -
31-6 10 2 - - - -
10 2 10 - 2 -
- - 10 - 1 -
20 4 - - - -
-7 - - 10 - 5 -
10 1 20 - 5 -
20 . 5 = N = —
- - - - - -
20 5 - - - -
20 8 1Q = 1 -
3-8




Treatment number 4

Hop Pest Project Corvallis, Oregon 1938
Date JUlY 29 1938 Spray-fist Block Spray
Red#§pidar Hop Aphié
Treat. | Vine | Age Date Data Flea
No. No. % Pop/ Pop/leaf Beotle Remarks
Infest.,| Leaf | Infest.| Ala,|Apt. Pop.
21 20 4 10 - 8 -
10 1 10 - 1 -
20 3 50 - a
- = 10 - 1
- - 20 - [»]
< 10 2 10 - 2
_ _ 10 - 2 -
- - 10 R -
100 82 - - - -
lO l = - N -
®z 10 3 10 - 1 -
10 2 - - ) - B
40 6 10 — 11 -
4.4 10 2 10 - z -
10 1 o0 - 4 -
10 1 - - - -
3.5 20 4 - - = -
30 7| - S S B
100 80 - - - -
20 6 20 - 4 -
- - lO - l -
_ - 20 - 71 -
1—7 20 4 - - ] ]
10 1 3Q. - 6 -
- - 40 - 13 -
10 & 8 - - - -
lo 5 - - - -
i3
3




Treatment number 5

Hop Pest Project

Date Yune 29 1938

Corvellis, Oregon

Spray-Hé§#t Block

1938
Spréy

Red Spider

Treat. | Vine | Age Data

Hop Aphis
Data

No. No, %
Infest,

Pop/
leaf

Infest.

Pop/leaf

AT&. Apto

Flea
Bestle
PO_Po

Remarks

;&Aw__ﬂl,1ﬁ out

7lal 2 10

R
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S _thrips

D12 -

7210
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e
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.
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Lreatment number 5

Hop Pest Project Corvallis, Oregon 1938
Date dJuly 9 1938 Spray-Bu#t Block Spray
Red Spider Hop Aphis
Treat. | Vine | Age Date Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest.! Leaf | Infest, Ala,|Apt. Pop.
Bl —_ A
= = = = N L]
- - - - - - 2-Diabrotics
10 5 - - - -
B2 - - - - - -
- - 50 - 10 -
- - 1O - -
53 ~ S R -
- LN L ~ I -
- - 20 - 8 - 2 thri
Bl - T S =2
- - ] o= . [ S
= - 20 - 8. =
- - . = — X _J
- ) [ - o
55 = - - R K-
_ - 30 - - —
- - 40 - 8 -
- - 20 - 8 -
5l-6 - - - - - -
- - 30 - 38 -
g-7 - - 20 10 -
- - 20 = 8 =
- - 70 - 24 -
- - 10 - 1 -,
- 20 - 1 -
A-8




Treatment number 5

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Spraymlue§ Block _sppay
Red Spider Hop Aphis
Treat. | Vine | Age Data Data Flea
No, No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.,] Ala.lApt. Pop. ’
q-1 —
_ - 20 -2 N5 -
- - : - - -
10 7 10 - 5 -
5'2 - - - - = - L
20 6 20 = | 7 =
- - 20 - 16 -
9.3 - - - - - -
- - 20 - 3 -
- - 50 - 15 -
5-4 = : f ” e -
55 - - 10 - 2 -
- - 30 - 5 - |
_ = - 20 - 4 -
10 1 30 - 13 -
~6 20 12 - - - -
a0 40 10 - 3 -
10 2 - - - -
40 4 10 - 2 -
al-7 - - - - - -
10 3 20 - 5] =
S_O 9 - - - -
- - 70 - 28 -
20 3 30 - 5 -
-8




Hop Pest Project

Treatment number 6

Date Tune. 29 1938

Corvallis, Oregon

1938

Spray-Dugl, Block SpreF

Treat,
No.

Vine
NO-

Age

Red Spider

Date

Hop Aphis
Data

%
Infest,

Pop/
Leaf

Pop/leaf

Infest.| Ala.|Apt,

Flesa
Beetle
Pop.

Remarks

&1

71="7

71-8

> 11
o]

71-9

20

127

10

—

712-8

20

[O =Ry b
28]

72-9

20

[N

b2

75="7

30

5-8

10
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167

(] =0 b o hop
PD

(] ” 1t 5 rppn 5 1
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Ol SR o
= o)
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% R AR R R ppD
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tjeeis v g8 v p
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Treatment number 6

Hop Pest Project Corvallis, Oregon 1938
Date Tuly 91938 Spray-Rweds Block Spray
Red Spider Hop Aphis
Treet., [ Vine | Age Date Data Flea
No. No. % Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest.| Ala.|[Apt. Pop.
Bl - - - - - -
10 18 - - = -
20 30 10 - Q =
. - 50 - 12 | -
- - - - - = 1 white £lm
B-2 10 10 - - = =
20 5 - - -
10 4 10 = 1 -
- - - - - 1 _thrips
53 - - 20 - 2 -
- 20 = 10 - -
B4 = = = = = P
- - 20 - 4 -
5'5 - - - - - -
- - 10 - 3 -
- = 10 - 1 - B
- - 10 - 2 -
B-6 - - - - - -
- - 50 - 13 -
- - 10 - 1 -
30 7 - - - -
- - 30 - & -
57 - - - . -
- - 20 - 7 =
100 142 20 - 5] -
- - - - - - 1 Diabrotica
B-8




Treatment number 6

Hop Pest Project Corvallis, Oregon 1938
Date _ July 19 1938 Spray-Pugt. Block oy
Red Spider Hop Aphis
Treat., | Vine | Age Date Data Flea
No. No. % Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest.] Ala.|Apt, Pop,
i - 1 - = = - | - -
90 27 - - - -
- - 30 - 7 -
- - 20 - S -
18] 25 50 - 15 -
B2 70 60 - - - -
30 23 20 - [5) -
10 2 - - - =
- 1 = 20 - 7 -
- - 10 - 4 -
B-3 - - - - - -
- - 10 - S - —
10 1 - - - -
20 2 - - - -
B4 - - - - - -
- - 3= - 13 -
10 1 - - - -
20 5 - - - -
- - 20 - 2 -
55 - - - - - - l white fly
- - 20 - 5] -
10 - - - - ]
- - 10 - | =1 -
: = - = - 1= -
- - 10 - 1 -
20 4 - - - -
30 6 30 - 1 -
20 7 30 - 12 -
- - 20 - 8 -
100 800 - - - -
- - 10 - 6 -
%8




Treatment number 6

Hop Pest Project Corvallis, Oregon 1938
Dote Judy 29 1938 Spray-ditd¥: Block Spray
Red Spider Hop Aphis
Treat, { Vine | Age Date Data Flea
No, No. % Pop/ Pop/leaf | Beetle Remarks
Infest.| leaf { Infest.| Ala.[Apt. Pop.
Bl - - 20 - 2 -
30 10 10 - 1 -
i 70 50 - - - -
30 14 - - - -
10 3 10 - 2 -
B2 20 12 10 - 2 2
- - 30 - 5 -
10 2 - - - -
——
10 1 - —Z -
B3 - - 10 - 2 -
- - 20 - 2 -
- - 10 - 1 -
M - - 30 4 -
40 28 - - - -
B4 80 28 - - - -
20 2 10 - 2 -
- - 10 - 2 -
30 11 - - - -
30 4 - - - -
B5 20 4 10 - 1 -
20 3 10 - 5 -
- - 10 - 3 - _
30 15 - - - -
- - 10 - 1 -
- - 10 - 2 -
B-6 10 1 10 - 5 -
- - 10 - 4 -
30 15 - - - -
40 15 30 - 10 -
- - 10 - 15 -
57 - - 10 - 4- -
80" 150 30 - 10 -
1e0 =00 | - - - -
B8




Thepsment number 7

Hop Pest Project Corvallis, Oregon 1938
Date June 29 1938 Spray-Duat. Block Sprgy
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No, No. % Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf Infest.] Ala,. |Apt. Pop.,
9-1_ [13-10] % - - - - = 3
S-111 1 30 10 - - - -
o=-121 2 - - - - - -
4=-107] 1 - - - - - -
74-11] 2 - - 30 19 - -
74-12] 2 - - 50 14 - - 1l thrips
7 rof 77 =" 2 - - 20 2 - -
77-8 1 - - - - - -
7'7-9 out
78-"7 2 - - 10 14 - -
38 =81 2 - - - - - 2 thrips
78-92] 8 - - - - - - 3 _thrips
Y. Bl-4 | 2 - - 0 1 - -
F -8l 1 10 - - - - - |
31:6 out
827 2 10 8 50 10 - -
2-5 1 - - - - 1 2 thrips
2-6 1 - - - - - -
7-4 Bo=1 2 - - - - - -
5-2 2-- - - 80 38 - -
BS =5 1 10 3 - - - -
6-2 | 2 - - 30 3 - -
6-2 2 - - 516} 69 - -
B6 -3 2 - - - - -
¥-5 7-10] 2 - - 20 12 1 - -
7-111 2 - - - - - -
B7-121 2 - - 20 4 - L
8-101 2 - - - - - - B
8=-1171 1 - - - - - 1
8-1Z T - = 30 5 - =
Y-8 1-4 2 - - - - -
I-5 1 2 - = = - = -
1-6 2 - - - - -
2-4 2 - - 50 24 - - 1 thrips
2-5 1 - - - - - 1 thrins
2-6 1 - - - 1
7 Bs-7 1 2 | - - 20 14 | - -
5~-8 {out
D5-O&! 1 - - - = - - 1l thrips
6=7 | 2 - - - - - 1 thrips
6=8 1 - - - - - - .
6=9 2 - - 40 15 - -
s




Treatment number 7

Hop Pest Project Corvallis, Oregon 1938
Date July 9 1938 Spray=Bust, Block Spray
Red Spider Hop Aphis
Treat, | Vine | Age Dats Data Flea
No. No, % Pop/ Pop/leaf Bestle Remarks
Infestc Leaf Infesto Kla' Apt. POP.
*1 - - -~y 10 3 - -
- - - - - - 1 Diabrotic
10 5 - - - -
10 4 40 - 8 -
- - 60 - 12 -
%2 - - - - -
- - - - - 1
- - 10 1 -
- - 30 - 3 -
hr A - - - - - - 1 thrips
10 5 20 7 -
- - - - 1
-4 - - 10 - 5 -
' - - 20 - 16 -
- - 30 [ - | 11 | =
- - 40 - 47 -
71-5 - - 10 - 1 -
- - 40 - 19 - 1 Canphasta
- - 50 - 21 - -
- - - - - - 1 Digbrotics
- - 20 - 5 -
-6 - - - - -
- Z 50 - 12 -
- - 20 - 3 -
- - 50 - 13 -
=7 = = 70 - 7 -
- - 30 - 8 -
- - 30 - 30 -
- - 20 - 11 -
%8




Treatment number 7

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Spray~Bust Block Spray
Red Spider Hop Aphis i
Treat., | Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest. Ala.|Apt. Pop.
1 30 15 - - - - 1 thrips
10 7 - - - -
Y2 - - = - - -
40 4 - - - - _
- - 40 - 17 -
20 2 - - - - 1l white fly
itz 20 15 10 - 2 -
50 16 10 - 2 -
i 2 20 12 50 - 9 -
- - 40 - 10 -
- 40 - 4 -
- - 50 - 23 -
- - 20 - 6 -
| TL5 40 18 40 - 16 -
40 7 - - - -
- - 10 - 1 - -
20 14 - - - -
- - 30 - 3 -
16 - - 40 - 7 -
10 3 30 - 10 -
- - 10 1 - -
30 4 - - - -
10 2 20 - 2 -
pe X - - 10 - 2 -
- 1 - 10 — 1 2 -
20 6 10 1 -
20 3 50 - 19 e
178




Treatment number 7

Hop Pest Project Corvallis, Oregon 1938
Date July 29 1938 Spray-Dust Block Spray
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No. % Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest. Ala,|Apt. Pop.
T7-1 20 5] - = - -
10 1 10 - 1 -
10 2 - - - -
20 2 30 - 8 -
5Q 7 10 - 3 -
20 2 30 - 4 -
- - 10 - 2 -
20 7 - - - -
Y-3 20 5 - - - -
10 1 10 = 1 = —
60 26 - - -
x4 20 7 10 - 12 =
- - 10 - 1 -
- - 10 2 =
30 5} 20 - 2 -
30 8 - - - -
5 10 1 - - 1 - -
10 5 10 = 1 -
10 1 = - - = -
60 70 - - - -
e - - 30 - 42 -
- 10 - 3 -
10 2 10 - 1 -
10 7 e e e e
40 27 - - - -
37 10 4 10 - 2 -
40 5 - - - - .
128




Treatment number 8

Hop Pest Project Corvallis, Oregon 1938
Date __ Jupe 29 1938 SprayePust Block opray
Red Spider Hop Aphis
Treat. | Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Bestle Remarks
Infest.| leaf | Infest,] Als, [Apt. Pop.
81 34 2 - - 10 1 - -
7/ 3=5 2 = - - - - -
73=6 2 10 5 30 8 - - 7 _thrips
/4=4 2 - - 3Q S - -
ded 1 - - 10 1 - -
1746 1 = - 30 4 - -
B2 pv.i0l g - = 10 3 - -
7=114} 1 - - - - - -
7 7=12] 2 - - 20 20 - -
S8«10] 2 - - - - - - 5 thrips
78=111 1 - - s10) 3 - -
78=12! 2 - - 20 9 - -
8.3 1=1 2 - = 10 3 - -
1=-2 | 2 - - 20 8 - = ]
R1-3 2 10 4 10 8 - -
2=1 2 - - 10 5 - -
R 2=2 2 10 12 - - - -
Q2«3 | put
B4 5=7 2 - - = - - -
R35=8 | 1 - - 10 - 1 - .
RH=9 2 10 12 - - - = 15 thrips
g6-7 | 2 = - 50 40 - - 7 _thrips
R6=8 1 - - - - - -
R6=0 | 2 - - 40 11 =
B 7=7 2 - = - - -
37-8 1 = - - - -
B7=0 1 2 - - = = = -
RF -7 2 - - 20 3 -
88-8 bui
. 28=9 2 = - 40 52 - -
B6  [93-7 lout | '
935-8 2 - - - - -
93=9 ' - 10 1 - -
Q4-17 1 - - - - -
94=8 1 outs
94=-9 2 - - - - 1
87 los-1 1 2 - - - - - -
95-2 2 - - - - - -
95=3 2 - - - - - -
96-1 1 - - - - - -
96=2 2 10 1 20 10 - -
9B=3 2 = - 30 3 - -
8-8




Treatment number 8

Hop Pest Project Corvallis, Oregon 1938
Date Iuly 9 1938 Spray=-Best- Block Spray
Red Spider Hop Aphis
Treat. ( Vine | Age Date Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.| Ala, jApt. ~ Pop.
81 - - 10 - 5 -
10 12 30 - 3 -
- - - - - - 1 Diasbrotics
- 20 = 3 = 3 thripg=1 Diapb,
g2 - - 10 - 3 -
- - 30 - 4 -
- = 20 - 14 -
10 S 10 - 2 -
- - 10 - 1 1
183 - - 10 - 12 -
s 20 - |13 - _
B2 oy - - - - -
10 1 - - _ -
- 40 - 26 = 1 St, cu, beekle
- - 20 - 2 -
- - 10 - 1 -
8-5 - - - - -
- - 20 - 3 -
30 32 10 - 18 - _
- - 10 - 4 -
-- - 50 - 37 -
6
- - 20 - 14 -
- - 60 - 11 -
; - 30 1o Z
B-7 - 30 1 - 8 -
- - 10 - 4 -
10 12| 20 N VN
- [ = 30 15 -
8.8




Treatment number 8

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Spray~Dast Block Spray
Red Spider Hop Aphis
Treat, { Vine | Age Data Detea Flea
No. No, % Pop/ Pop/leaf Bestle Remarks
Infest.| leaf | Infest.| Ala,|Apt. Pop.,
31 - - T~ S S
- = 10 - 1 -
20 15 - - -
- - 190 - 1
= = 20 - 12 =
10 1 - - =
B-2 - - 30 - 9 - 1 stink bug
) - _ 40 = 9 -
- - 20 - 9 -
= - 3Q ] - -
B-3 - - - - - -
- - 20 - ] - —
10 2 - - - -
- - 10 - 1 -
50 28 - - - -
B4 10 o] - - - -
- - 10 2 -
70 20 10 - 2 -
- - 10 - 1 -
B5 70 30 60 - 18 -
30 20 - - - -
10 6 30 - 12
BE ——
- - 20 - 2 -
20 3 30 - 7 -
g-7 - - 10 - 2 -
- - 10 - 1 -
- - 10 -k 1 -
. 30 2 20 - 20 -
10 1 20 - -
8-8 ’




Treatment number 8

Hop Pest Project Corvallis, Oregon 1938
Date July 29 1938 Spray=Dnat Bloclgp,.ﬂy
Red Spider Hop Aphis
Treat. | Vine | Age Data Data Flea
No, No. 7 Pop/ Pop/leaf Beetle Remarks
Infest,] Leaf | Infest.| Als, [Apt, Pop.
B‘l - - - - - -
- - 10 = 2 -
- - 20 - 4 -
50 17 10 = 2 -
60 14 = - = -
[ B-2 20 3 10 4 1 - -
= 10 = 1 -
- - 3Q - 5 -
20 18 - = - -
- - 20 - | 2 -
83 10 3 10 - 2 =
= - 10 - 1 -
- - 10 - | 2 -
B-4 - - 10 = 1 -
10 1 - - - -
20 1l 10 - 9 -
10 2 20 - 4 -
B-5 10 2 - - - -
20 7 - - - -
10 2 10 - 1 -
86 R =
10 2 10 - 1 -
S,
20 5 - - L4 -
87 10 1 10 - 1 -
- - 20 = 7 -
10 16 - - - - .
- - 10 - 4 =
8.8




Treastment number 1- Check

Hop Pest Project Corvallis, Oregon 1938

Date June 29 1938 Spesye=Dust Block Dust

Red Spider Hop Aphis
Treat, | Vine Date , Dete Flea

No. No. % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.| Ala,|Apt, Pop,
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Treatment number 1- Check

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 $pray-Dust Block __ Dust
ﬁed—Spidér Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No. 7 Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest. Ala.|Apt. Pop.
1-1 ' 30 7 40 - 15 -
' - - 50 - 50 s
- - 10 - 1 -
- - 10 - 1 -
1-2 - - 10 - 2 - 1l white fly
- - 20 - 4 -
10 3 10 - S -
- - 10 2 - -
- - 40 - 11 -
- - 40 - 28 -
1=-3 '
10 3 - - - - ]
- - 10 - 1 -
- - 40 - 24 -
1-4 : : - - - - 1l white fly
1-5
1-6 e - - - - -
1.7
1-8




Treatment number 1 Check
Hop Pest Project Corwvallis, Oregon 1938

Sprey-Dust Block Spray

Date Inly.29.1938

Jd
Red Spider Hop Aphis
Treat. | Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Bestle Remarks
Infest.| leaf | Infest.| Ala.|Apt. Pop.
1-1 - - - - - 1
- - 20 = 10 =
- - 10 - 3 -
- - 10 - 2 3
1-2 - - 20 - 9 -
- - 10 - 1
= - 20 - 7 =
- - 40 - 8 d
- - 70 - 20 -
1-3 —
- - - - - - 1l whifte fly B
- - - - - 1
1-4 - - - - - -
1-5 ~
1-6 - - - - - -
=7 = -
1-8




Ireatment number 1l- Check

Hop Pest Project Corvallis, Oregon 1938
Date August 9O 1938 SRRy-Dust Block Dugt
Red Spider ' Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest.] Ala.|Apt. Pop.
10 1 10 - 1 -
20 4 = - - -
- = 20 - B -
1-2 - - 20 - 2 -
= - = = C —
- - 10 1 - -
1-3 — -
- - - - - - 1 thri ps -
- = - - - - 2 thrips
- - - - - - 1l thrips
1"4-' - - - - - .
- - - - - - 1 thrips
1-5 A -
- - = - - - 1l thrips
1‘6 - L - - - -
= - - = - - 2 thrips
- - - - - - 1 thrips

1-8




Treatment number 1 @heck

Hop Pest Project Corwvallis, Oregon 1938
Date August 20 1938 Spray-Dust Block Dust
Red Spider Hop Aphis
Treat., { Vine | Age Date Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf | Infest,| Ala.|[Apt. Pop.
1-1 90 62 - - - -
10 2 - - = -
- - 10 - S =
1-2 - - 20 - 9 -
- - 10 - 1 -
- - 40 - 6
1-3 .
1-4 - - - - - -
1-5 —
1"6 - - - - - -
1-7
1-8




Treatment number 2

Hop Pest Project Corvallis, Oregon 1938
Date July 8 1938 Spray-Dust Block Dust
Red §pider Hop Aphis
Treat. | Vine | Age Data Data Flea
No. No., % Pop/ Pop/leaf Bestle Remarks
Infest,| Leaf | Infest.] Ala.|Apt. Pope.
el —
= - 10 - 2 -
- - 10 2 -
= = 20 - 8 -
= - 40 - 12 =
2-2 = - = - - - 1 thrips
= = 30 - 14 -
- - - - - 1 Diabrotica
= - = - - L
Q-3 - - - - _ _
- 20 - 3 - i
- - - - - - 1l Diabrotica
2-4 - - - = - 1l Diabrotica
25 - - - T -
- - - - - 1 Diabrotics
- - - - - 1 Diabrotica
- - - - - - 1 Diabrotica
36 - - - . -
BT . — T T

2-8




Treatment number 2

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Sprey-Dust Block Dust
Red Spider Hop Aphis
Treat, |{ Vine | Age Data Data Flea
No, No, % Pop/ Pop/leaf Bestle Remarks
Infest,| leaf | Infest.] Ala,|Apt. Pop.
B.1 , ~
- - 10 - 7 -
- 20 - 4 -
- - 680 - 12 -
- - 40 = 8 =
B2 - - | = - - -
- - 30 - 8 =
- - 30 - 15 = ]
= - 20 = 7 -
gz frd - - - - -
- 60 - 113 | - |
= T -
B4 - - - - - -
B5 - - - - - -
B6 - - - - - -
B7 -
128




Treatment number 2

Hop Pest Project Corvellis, Oregon 1938
Date July 29 1838 -8pray=Dust Block Dust
Red Spider Hop Aphis
Treat. | Vine | Age Datae Data Flea
No. No, % Pop/ Pop/leaf Bestle Remarks
. Infest.| leaf | Infest,] Ala,lApt. Pop.
251 ‘ — »
- - 20 = 10 =
- - 40 - 20 =
- - 40 - o5 -
- - 30 - 18 =
£e2 - - - - - 2
- 50 - 18 =
10 1 80 - 513 =
- - 20 - 11 =
23 - . - - .
- - - - - 1
- - - - - - 1l Digbrotica
Eaq . - - 1
= - - - 1
=5 - - - - -
- - - - 1l
§2 n » - S n
- - - - - 1
&7 - - - —1 -

23




Hop Pest Project

Treatment number 3

Date June 29 1938

Corvallis, Oregon

~Spray-Dust Block

1538
Dust

Treat.
No.

Vine
No.

Age

Red Spider

Date

Hop Aphis
Data

%
Infest,

Pop/
Leaf

Infest.

Pop/leaf

Ala,

Apt .

Flea
Beetle
Pop.

Remarks
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Treatment number 3

Hop Pest Project Corvallis, Oregon 1938
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No. 7 Pop/ Pop/leafl Bestle Remarks
Infest,| Leaf | Infest,| Ala,|[Apt, Pop.
E-S - - - - - -
- - 10 3 -
- - 10 - 2 -
- 20 2 -
- 90 52- -
&2 - - - - - -
= 40 _ - 12 - 3 Biabrotica .
- - 30 - 15 -
- - 20 - 16 -
- 20 - 11 -
- - 10 - 2 -
Tz - - - - -
- - - - 2 thrips
- - - - 1
20 -2 - - - -
K7 = = - - - 1
- - - - - 1l thrips
| B5 - - - - - -
- - - - - - 1 Diabtotlica
EX - - - - - -
- - - - - - 3 blabrotica
- - - - - - 1 Diabbotica
7 -

B3




Hop Pest Project

Treatment number 3

Corvallis, Oregon

Date _ July 19 1938 SpreysDust Block pooe =
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Bestle Remarks
Infest,| Leaf | Infest.] Ala,|Apt. Pop.
ES - - - - - -
- - 20 - 16 -
- - 20 - 5 -
- - 40 - 16 -
B2 - - - - -
- - 30 - 6 -
S0 56 60 - 35 -
20 18 20 - 10 -
- 20 - 5 -
B3 - - - - - -
&4 - - - - - -
- - 10 pu 2 -
&5 - - - - - -
-6 - - - - - -
-7




Treatment number 3

Hop Pest Project Corvallis, Oregon 1938
Date July 29 1939 Spray=Dust Block Dust
. Red Spider Hop Aphis
Treat. | Vine | Age Date Data Flea
No. No, % Pop/ Pop/leaf Beotle Remarks
Infest.| leaf | Infest.| Ala,|Apt. Pop.
-1 _ - = - - - 2 white fly |
= - 50 - 20 =
- - 10 - 11 1
- - 10 = ] -
- .= Q0 A0 =
_5‘2 - —_— - T = —
- - 80 - 24 -
- - 100 ey 50 -
- - 40 = 42 1 -
L - - 110 - 1 -
3 - - - - - -
- 4: - — -
5‘4 - —. - = =
Es - - . S S A
= = = = = 1
= - - - - l
- - - = 4
1.6 i N N - R R
- - - - = l
- - = - - 1
7
1-8




Hop Pest Project

Date

Treatment number 4

June 29 1938

Corvallis, Oregon

Spray~Dust Block Dugt

Nos

Treat.

Vine
No.

Red Spider
Data

Hop Aphis
Data

% Pop/
Infest,

lLeaf

Pop/leaf

Infest.f Ala.

AE:b .

Flea
Beatle
Pop.,

Remarks

4-1

361

A6=2

20 24

36=3
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Hop Pest Project

Date

Treatment number 4

June 29 1938

Corvallis, Oregon

Spray~Dust Block Dysgt

1938

Treat,
NO&

Vine
No,

Age

Red Spider

Data

Hop Aphis
Data

Infest,

7

Pop/
leaf

Pop/leaf

Infest.] Ala,|Apt.

Flea
Beetls
POP.

Remarks

4-1

26=1

o]
-
t

26=2,

B

=20

36=3
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37=1
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1l thrips
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Treatment number &

Hop Pest Project Corvellis, Oregon 1938
Date July 8 1938 Spray-Dugt Block Dust
Red Spider Hop Aphis
Treat, [ Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.| Ala, |Apt. Pop.
1.1 e
- 30 .. = 12
- - - - - 1 thrips
= - 20 8 -
- = 10 - 1 - 1 Diabrotics
. - 80 - 12 —
1.2 = - 30 - 18 =
- - - - - - 1 Disgbrotice
- - 20 = A
| fo3 - = = - | - - 1 Disbrotica
= = = — - L
%q
%5 " - S B -
. - " - | - - 1 Diabrotica |
EX - - - ~ - Z
7 —
4-8




Treatment number 4

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Spray=Dust Block Dyst
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No, A Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf | Infest. Ala.|[Apt. Pop.,
3-1 -
10 5 40 - 1o -
- - 80 | - 21 -
- - 70 - 36 =
- - - 20 - 12 -
4.2 60 25 20 - 12
- - 10 - 2 -
- - 10 - 1 -
- - 20 - 17 -
- - 30 - 18 -
- - 50 - 56 -
-2 - - - - = -
| 4-4 - - - - =
35 - - - -
-6 - - - = -
&7
B8




Hop Pest Project

Date July 29 1938

Treatment number &

Corvallis, Oregon

SprayeDust Block nyyqt

1938

Red Spider Hop Aphis
Treat, {Vine | Age Data Data Flea
No. No, G Pop/ Pop/leaf Bestle - Remarks
Infest. Leaf Infest. Ala.o Apto POP.
31-1 —
- - 20 - 8 -
- - 100 - 50 -
, - - e - 2 - 5 _thrios
| 3-2 10 12 a0 -1 7 -
- - - - - -
- 680 - 35 -
- = = = = =
- - 10 - 3 -
4.3 - - - - - -
= - - - - 1
(24 - - = = -1 - | -
ol = = - = =
- - - - - l
- - - - - 1
-5 - _ - - - _
46 - - - - - 1
37
48




Hop Pest Project

Date June 29 1938

Treatment number 5

Corvallis, Oregon

8pray-Dust Block p,q4

Treat.
Noe

Vine
NO.

Age

Red Spider

Data

Hop Aphis
Data

%
Infest,

Pop/
lLeaf

Infest.

Pop/leaf

Ala, [Apt.

Flea
Beetlse
Pop.,

Remarks

1

3 0e]10

2

BBe=11

2612

— DO O

{
th
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T n
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D
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vpoppp o[t kA
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- 1
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Hop Pest Project

Corvallis, Oregon

1938

Dete _July 8_1938 SprayeDust Block Dyat
Red Spider Hop Aphis
Treat, | Vine | Age Datsa Data Flea
No. No. A Pop/ Pop/leal Beetle Remarks
Infest,| leaf | Infest.[ Ala,|Apt. Pop.
8-1 - - 40 - L1l
- - 20 o -
- - - - - - 1 Disbrotica
30 60 - = - -
- 80 - 14 =
5-2 - - - - 1.
- - 10 3 =
- - - - 1l Caterpiller
40 - 22 = L Diabrotics
2-3 - 30 - 13 -
- - - - - - 1 Diabrotica
j“é - - - -
-5 - - - - 1l Digbrotica
- - - - - - 1 Diabrotica
D=6 - - - - -
57 - T =
9-8




Hop Pest Project

Date Judy 19 1938

Ireatment number 5

Corvallis, Oregon

1938

Dust
Spray-Dust Block Sy

Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No, No, % Pop/ Pop/leaf Beatle Remarks
_ Infest.,| leaf | Infest.| Ala.[Apt, Pop.
51 - 20 - 3 -
- - 30 - 9 -
- - 40 - 15 -
50 7 - - - -
- - 80 - 40 -
D.2 - - 10 - 3 -
20 13 10 - 5 -
- - 40 - 22 -
- - 10 - 5 -
- - 60 - 21 -
- 50 - 22 -
D3 - - - - - -
 $-4 - = = - - -
8-5 - - - - - -
9-6 - - - - -
3=7




Lreatment number 5

Hop Pest Project Corvallis, Oregon 1938
Date _Jyly 29 1938 Spray=-Dust Block Dust
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No. 7 Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf | Infest.| Ala.|Apt. Pop.
$-1 - - o0 - 11 -
- - 20 - 9= -
- - 10 - S -
- - - - - 4 1 Diabrotica
- - 30 - 13 -
| -2 - - 20 - 16 -
- - 350 - S -
- - 10 - 2 -
- - 100 - 54 -
10 L 50 - 12 -
XY - S I
- - - - - 1
(52 - - = - - T
- - - - - 1lqg
- - - - - 3
-5 - - - - - -
- - - - - L
b-6 - - - - - -
57
B8




Hop Pest Project

Date

Tregtment number 6

June 29 1938

Corvallis, Oregon

Sprey-Dust Block Dust

1938

Treat,
No,

Vine
No.

Age

“Red Splder

Data

Hop

Aphis

Datea

%
Infest.,

Pop/
Leaf

' Pop/leaf

Infest.

Ala, Apto

Flee
Beatle
POP.

Remarks

a-1

Q6="7
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Treatment number 6

Hop Pest Project Corvallis, Oregon 1938
Date July 8 1938 -Spray-Dust Block Dust
Red Spider Hop Aphis
Treat. [ Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.| Ala,|Apt, Pop.
&1 - - 1= - -1
- - 10 - 1
- - 20 - 1 - 1 Diabroticsa
- 10 - 2 -
2 — - _ - - -

|

]
N
O

]
O
IO

- - - 1
! - - - - - - 1 Diabrotica
LX) - - = - - -
-—6;-4 - - - - - -
- - - - - - 2 Diabrotica
8-5 - - - - - -
- - - - - - 1 thrips
Lﬁps - - - - - - 1 Diabrotica
- - - - - 1
- - - - - 2 thrips
a7 - - - -




PTreatment number 6

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 Spray=Dust Block Dust

Red Spider Hop Aphis

Treat, | Vine | Age Data Data Flea

No. No, % Pop/ Pop/leaf Beetle Remarks

Infest,| lLeaf | Infest.] Ala.|Apt. Pop,

18=1 - - - 3 _

- 10 - 3

- = 10 - 2 =

a-2 7Q 67 29 - 5} -
e - 10} - 6 =
- - 40 - 11 | - R
- - 10 - 5] =

6-13_ - - - - - Lod
- - lo - 7 -

-4 - - - - - - 1 white fly
30 3 - - - -

(&5 - u - - - -

T = = . — = - T white T1§
10 1 - - - -

&7

-8




Treatment number 6

Hop Pest Project Corvallis, Oregon 1938
Date July 29 1938 SpraygeDust Block Dust
Red Spider Hop Aphis B
Treat, | Vine | Age Date Data Flea
No, No, A Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest,| Ala.[Apt. Pop.
&1 - n - S - )
= = 10 = k) = 1 Diabrotica |
S = = = = =
B2 - . - - - -
= = 80 43 -
- 10 4 =
- - 10 1 1
- - - - 1
5.3 - - - - 1
- - - - - 5.’
- - - - 2
B4 - - - - —
- - - - 1
%5 - - 10 1 1
- - - - - 1
Y3 - - — - =
B - § - 2 N :




Hop Pest Project

Date

Ireatment

June 29 1938

number 7

Corvallis, Oregon

Spray-Dust Block

1338

Dust

Treat,
NO.

Vine
No,

Age

Red Spider

Data

Hop Aphis
Data

%
Infest,

Pop/
Leaf

Infest,

Pop/leaf

Ala,

Apt.

Flea
Beatle

Pop.

Remarks

1

8=~10

10

1

8-11

-
< o
ct

8-12

39=-10

Bo-11

3Qel2

%2

2=1

2 thrips

1 2=11

1212

1 thrips

=10

H-Jb,AbJH—Jm

13=11

o
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1
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1
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o |~
e
=
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H=3
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E0="7
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B0-9
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2=5

2=6

I N el el el a2 S S
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6=8
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Hop Pest Project

Treatment number 7

Corwvallis, Oregon

Date July 8 1938 Spray-~Dust Block Dust
Red Spider Hop Aphis
Treat, | Vine | Age Data Data Flea
No. No. 7 Pop/ Pop/leaf Beatle Remarks
Infest,| lLeaf | Infest.| Ala,|Apt, Pop.
1 - - 30 - - -
- - 10 - 1 -
- - 10 - 1 - —
- - 10 - 3 -
¥-2 - - - - - -
- - 10 - 3 -
- 10 - 2 -
AN —
- - 10 - 1 - 1 Diabrotica
V-4 - - - - - - 1 Digbrotica |
145 - - - - - - 1 DIgbrotica
156 - - - - - - 1 Disbrotica
s - - - - - 2 Dlabrotica
TE7
128




Hop Pest Project

Date July 19 1938

Treatment number 7

Corvallis, Oregon

1938

Spray=-Dust Block _ Dot

Red Spider Hop Aphis
Treat, { Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest,| lLeaf | Infest. Ala,|Apt. Pop.
¥-1 70~ 28 10 - 1 - _
- - - - - - 1l thrips
40 - 10 -
T2 . - " - - B,
- - 30 51 -
- 1Q - 4 -
- - 10 - 1 =
- 10 1 -
iz —
- = - - - - Mhl—t—i..ﬂliﬁ-s——
T4 B - - - - - -
20- 7 -
s - - 1= -
1~6 - - - - -
7

ILs




Treatment number 7

Hop Pest Project Corvallis, Oregon 1338
Date July 29 1938 Spray-Dust Block Dust
Red Spider Hop Aphis
Treat., | Vine | Age Data Data Flea
No, No, A Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf | Infest.] Ala,|Apt. Pop.
(1-1 - - - - - -
- - - - - - 1 white fly
- 10 - 1 -
¥-2 - - 20 - 8 - l white fly
- - 20 - 16 =
- - - - - 2
- - - - 1 1l Diabrotica |
- - 30 - 8 - 2 thrips
- - 20 8 - 10_thrips
¥z sl
- - - - - > 7
- - - - 3
4 - - - - - -
- - - - 1 Digbrotica
=5 - - - - | - -
IL6 - - - - - T
- - - - - 15
- - - 1
7 : : - - -

[ (I}

(IR} lﬂll

178




Hop Pest Project

Date

June 29 1938

Treatment number 8

Corvallis, Oregon

Spwasr=Dust Block

1938

Dust

Treat,
No,

Vine
No,

>
oa
®

Red Spider

Data

~Hop Aphis
Data

%
Infest.

Pop/
leaf

Pop/leaf

Infest.] Ala,|Apt,

Flea
Beatle
POP.

Remarks

3-1

10

2 -

10 4
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20
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1l thrips

10
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Lrestment number 8

Hop Pest Project Corvallis, Oregon 1938
Date July 8 1938 Spray-Dust Block Dust
Red Spider Hop Aphis
Treat., | Vine | Age Data Data Flea
No. No. % Pop/ Pop/leaf Beetle Remarks
Infest,| leaf | Infest.] Ala,]|Apt. Pop,.
B’l - - - - - -
- - 30 - 3 -
- 10 - 1 = 1 Diashrotica
- - 40 - 28 -
- 10 - 1 1
8.2 - - 20 - 2 -
- - 20 - 2
- - 10 - 2 -
8z = - = - - -
B-4 = - - = - -
B5 - - - - - -
- - - - 1 Digbroticsa
- - - - 1 Disbrotica
- - - - - 1 Diabrotics
B-6 - - - - - - 1 Diabrotics
- - - - - - 2 Diabrotica
B7

B8




Treatment number 8

Hop Pest Project Corvallis, Oregon 1938
Date July 19 1938 #8peay-Dust Block Dust
Red Spider Hop Aphis
Treat., | Vine | Age Data Data Flea
No. No, % Pop/ Pop/leaf Beetle Remarks
Infest.| Leaf | Infest.] Alae.|Apt, Pop,
&1 - - 80 - e -
60 13 20 - 5] -
- - 20 - 11 -
10 S 20 - 18 -
20 17 40 - 12 -
- = 30 = 5} =
| B-2 - - - - - -
10 7 4Q ==t 15 -
- - 20 = 12 =
- - 20 = 5] -
B-3 - - - = - -
— - - T . 7
B4 - - - - - -
- - - - - - 1l white fly
B5 - - - - - -
ba - L - - -
g7 - T -




Treatment number 8

Hop Pest Project Corvallis, Oregon 1938
Date July 29 1938 - Spray-Dust Block Yust
Red Spider Hop Aphis
Treat, |Vine | Age Data Data Flea
No. No, 7 Pop/ Pop/leaf Beetle Remarks
Infest,| Leaf | Infest.| Ala,|Apt. Pop.
21 - S - - [T -
- 30 17 -
- - 10 - 2 =
B2 = = - | - = 1 white fly._|
- - 20 - 3 -
- 4Q - 42 -
- - - - : 2 thrips
B3 - - - - - -
= - - - - 1
(B4 » - - S B,
(55 - S 3 N
B6 - Z - Z Z Z
- - - - - 1
- - - - 1
h7
-8









