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"R¥FACE

The spider mite Tetranychus bimaculatus Harv. has be-

come of great econnmic imnortance to apple growers in Okla=-
homa and other states since the advent ~f DDT for the control
of endling moths. It 18 commonly accepted that DDT will
control the c¢ndling moth much more efflcecliently than arseni-
cals. It has been found that aprnle trees treated with DIT
for codling moth control in Oklahoma almost without exception,
exnerience heavy mite damage. The annle grower is now faced
with the problem of finding an efficient mite control before
he can safely use DTT against the c¢ndling moth.

With thils situatlion In mind, a series of experiments
were carried out during the 1946 season in an attempt to
determine a reans of conftrolling the spider mite and make
nogsible the use of DDT in the orchard spray program 1ln
Oklahoma.

Indebtedness is acknowledped to Dr. F.A. Fenton, who
assigned the writer tris problem, to Dr. F. E. Wrltehead
for his valuable guldance and assistance, to the Department
of Horticulture for the assistance of their staff members
and the use of thelr avple orchard, to Dr. H. A. Waters,

Dr. F. D. Witman and Dr. D. F, Howell for their construc-
tive suggzestions and criticisms, to Dr. C. H. Brest for the
loan of laboratory equirnment, and to Mr. R. R. Walton and
¥r. Pinkston for their asslstance in casrrying out the ex-

perimental work for tris project.
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INTRODUCTION

The spider mite 1s a small mite 0.4 to 0.6 mm in length,
0.25 to 0.3 mm in breadth, and 0.175 to 0.2 mm In thickness,
broadly oval and broaiest at a point in the anterior third of
the body where the sides are somewhat swollen. This mite is
pale orange or greenish yellow when young or without food,
becoming more orange in color with food and ase. The sajori-
ty of the specimens have a dark srot on each side due to food
econtents. The color ﬁaries widely between specimens, and
gsome full fed adults may hecome entirely dark colored reach-
ing a dark green or blacke.

The mites appear in anple orcrards in Oklaroma in the
early summer, usually In late June or early July, and feed
first on leaves of new growth near the trunk of the trees.

As the iInfestation increases, the ponulation spreads over
the entire tree. The mite plerces the leaf and sucks the
sap causing the leaf to turn a dull bronze color. It is
not uncommon for as many as 300 mites to he present on s
single leaf, resulting in comrlete defolliation of the tree.
This 1s accompanled by heavy frult drop and damage to the
frult buds, thereby seriously reducing the yleld of the
tree the following year.

Kesearch renorted herein was conducted in the Hortl-
culture orchard of the Oklaloma Agricultural Exvneriment
Station, which 1s located aprroximately nine miles south=-
east of Stillwater, and the Department of Fntomolosy or-

chard, which 1s located at Lake Carl Blackwell approximately



nine miles northwest of Stillwater. The Horticulture or-
chard included apple trees approximately 15 years of age,
and the Department of Entomology orchard consisted entirely
of the three-~year-old trees. Preliminary research was con-
ducted in the Department of Fntomology laboratories on the
Oklahoma A. & M. College camnus,.

This work was planned to obtain information on the toxi-
city of various chemicals to the spider mite and to deter-
mine the dosage and frequency of application of the various
materials necessary to control the mite in the field under
Oklahoma conditions.

These control experiments are prelirinary in nature and
should be considered as basic to further investigstion.

The term "effective control™ as used in this paper re-
fers to the degree of control as computed by the use of
"Abbott's formula”.

The term "original infestation" is used in refarrins to
the infestations just bhefore treatments were applied.

Although the mite under consideration is known by seve-
ral common names such as "red snider", "red spider mite",
"red mite", and others, 1t is herein referred to as "spider

mite" or "mite".



REVIFW OF TITTRATURE

The spider mite Tetranychus bimaculatus, Harv. develops

in large numbers on a wide éariety of plants and attracted
the attention of early workers as a pest difficult to con-
trol. A wide selection of chemicds and mixtures have been
recommended, but none of them have been accepted as entirely
satisfactory. In consideration of the literature relazted to

the control of T. blmaculatus, the confuslon of synonyms

must be remembered, and the controls of certain other des-

cribed species must he considered as applicable to T. bima-

culatus until this taxonomic pnroblem has heen settled.
¥orrison and Mote (1940) published a brief history in

which they stated that Tetranychus telarius was first re-

ported on the Pacific Coast in 1876, and Cook (1881) recom=-
mended one gallon of 1lye per gallon of water for i1ts control.

Harvey described T. bimaculatus in 1892 and recommended

Fir Tree oil, Cole's Ingsect Destroyer, and an alcoholic tinc-
ture of pyrethrum. Parker (1944) recommended flour paste (8-
100) and 1lime sulfer (36 degree Baume, 1-100) as control
measures.

Lovett (1923) recommended a 1.5 to 2.0 percent spray
mixture consisting of concentrated lye, calcium caéeinate
and sulfur or a mixture consisting of two gallons of 1liquid
lime sulfur, flve nounds of dusting or sublimed sulfur and
one-half pound of calcium caseinate in one hundred gallons

of water for the control of the "common red spider".



.with o1l and sulfur sprays. They found oll sprays effective
but causative of foliage injury. The lime sulfur, dusting
snlfur, calcium caseinate combination previously recommended
by Lovett was found most satisfactory.

Boyce et al (1939) found Dinitro-o-cyclohexylphenol

more effective against T. telarius than agalnst Paratetrany-

chus citri in California in laboratory and field tests on

citrus frulits,
Grayson (1940) found that the effectiveness of netrole=-

um oill ss a dormant spray acainst Paratetranychus nilosus C.

and F. on apple in Virginia was slightly increased by the
addition of dinitro-o-cyclohexylphenol when apnlied in March
or April.

Morrison and Mote (1940) found dinitro-o-cyclohexyl=-
phenol far superior to rotenone-sodium lauryl sulfate, rotenone-
sodium lsuryl sulfete-lauryl thiocyanide, pyrethrum-hydro-
carbon olls-acid insoluble ash, pyrethrum-acid insoluble ash,
dusting sulfur-ortanic sulfur compound, and nicotine sulfate-
hydrated lime-dusting sulfur combinations.

It 1s stated in the Fiftieth Annual Report of the Washing-
ton Agricultural Experiment Station by an anonymous author
(1940) that dinitro-o-cyclohexylnhenol caused severe injury
to trees.

Smith (1942), in a discussion of cotton insects of Calil -

fornia, mentioned T. bimaculatnus Harv. as feeding on cotton

and recommended field sanitation, sulfur dust, or dinitro-o-

cyclohexylnhenol as a control.



Huckett (1943) renorted that T. bimaculatus damaged

1ima beans in Long Island, narticularly in well drained
fields near woodland or waste land. In experiments in 1942,
snprays containing 12 pounds of wettable sulfur to 100 gallons
of water, alone or wit} four pounds of cubé powder, and

dusts of 50 percent sulfur alone or with ten nercent cubé
powder apnlied four times at 10 to 12 day intervals, begin-
ning on June 25 proved extremely effective.

Proprietary comnounds of dinitro-o-cyclohexylphenol
gave satisfactory but variable results. Sprays and dusts
containing cubé powder without sulfur were ineffective.

Borden (1944) found that Xanthone at the rate of 2
pounds to 100 gallons, following two arsenical sprays, ap-

parently controlled codling motl and T. bimaculatus under

California condi tions. He cautioned against usins the materi-
al In hot weathar. He also found Dicyclohexylamine salt of
Dinitro-o-cyclohexylnhenol at the rate of one-third to one-
half pound to 100 gallons of water anrlied at 4 to 6 week
intervals satisfactory for the control of T. telarius. He
found no injuriouns effects when used on alfalfa, wheat, corn,
barley, oats, sorszhum, lima beans, or peacles when used at

the half~nound rate.

Hough (1946) found that DN-111 and DN-dry mix applied
with DDT in the cover sprays zave good control of spider
mites. Haring (1946) tested azobenzene dusts agalnst the
mites and found a 20 percent azobenzene dust in whiting or

bentonite effective in labhoratory and green house tests.



Comments on the increase in mite porulation resulting
from the use of TDT were made by several investizators with
widely divergent views,
= Harman (1945) found definite evidence that the mite
porulation was not increased by tle use of DDT in New York
aprle orchards. He found some bronzing of follage "but the
mite population was not high ennush to have caused the dam-
age™. He attributed the bronzing to foliave injury by the
DDT.

Dean (1946) found no increase in T. telarius on anple
trees sprayed with DDT In New York. However, he.citea one
instance in which a heavy mite Infestation did develop in a
DPT-srrayed orchard.

Drig-ers (1946) reported that a great variety of insects
were killed by DDT when peach trees in New Jersey were treat-
ed, but 1t arpeared to have the opposite effect on orchard
mites. A heavy bulld-up of mlites followed the use of DDT
during the three-year perind.

Parencia et al (194€6) tested DDT on cotton in Texas
insects and found "in one exreriment six spplications of DDT
caused marked increases in nopulstions of the red snlder,

Tetranychus sp.".

Richardson (1946) in Iowa found that DDT treatment of
apple trees gave 2 much better control of the codlling moth
than when a heavy lead arsenate srray schedule was followed
by a terminal cover spray of DIT. He also reported no in-
crease in mites In the DN'T=-sprayed plots. He did renort

some bronzing of foliace but attributed it to DIT injury.



TAXONOMIC STATUS
Harvey (11) first described this snecies of snider mite

tentatively as Tetranychus 2-maculatus in 1892, Ee stated

that 1t closely resembled in structure the Tetranychus telari-

us as described by Linnaeus (1761) but that it differed in
host plants and hahits sufficlently to doubt that they were
of the same snecles.

Fwing (6) made a taxonomic study of the genus Tetrany=-
chus and published a paper in 1914, disagreeing with Harvey
and insisting that there was not sufficient varlation to sepa-

rate Tetranychus telarius Tinn. and Tetranychus Z2-maculatus.

He included T. cucumeris, T. rosarum, T. cinnaharinns, T.

haematodes, and T. vitls, all Turopean species described by

Boisduval in 1867 in Trance as synonyms of T. telarius as

well as E. gloveri Banks. He claimed that 2. sexmaculstus

Rlley was separated from T. telarius only due to size and
should be considersd as a variety of T. telarius Linn. Fwing
also objected to the common name "red spnider” hecause "threy
are neither r=d nor sriders" and sugsested tre common name
of “pider mite".

In 1942, ¥eGregor (16) disazreed with Fwing in part,

clalming that T. blmaculstus was properly named by Harvey

and thst the true snecies Tetranychus telarius Linn. does

not occur in the United States. It 1s assumed by the author
that YeOregor considers the synonyms of T. telarius as 1list-

ed by Twing to be synonyms of T. bimaculstus Harv,




YATVFRIALS
The following is & 1ist of the materials used in the
tests discussed in thris paper:

Azobenzene - 60 percent commercial dust prepared by

Sherwin-Williams Comnany.

MC - A 25 pnercent emulsion of Di (p-chlnronrenyl)
methyl carbinol with 23 percent emulsifylng agent and 52
nercent commercial solven, obtained from Sherwin-Williams
Company.

DN-111 - A commercial dust contalning 20 nercent dicyclo-
hexylamine salt of Dinitro-o-cyclohexylntenol nrepared and
distributed by the Dow Cherical Company.

Hexachlorocyclohexane - A 50 percent wettable powder

containing 10 percent of the active gamma isomer obtalined
from Fo I. du Pont de Nemours and Company.

(Hydroxynentamethyl Flavan - 30 percent technlcal grade

commercial dust prepared and distributed as a miticide by
the F. I. du Pont de Nemours and Company.

PC-11 - Tris material is a 50 percent emulsion received
from the Planetary Chemical Company. The sender has not
divulged the formulation at the time of the writing of thils
paper,

Selocide - Fight percent potassium-ammonium-~seleno-
sulrhide with 15 nercent soap and 77 percent water.

Loro - A lauryl trlocyanate comrmercial product.

Sulfur - A comrerclal wettable sulfur.

0il - Superla Summer Spray O0il produced by the Standard

011 Comvany (Indisnsa).



Lime Sulfur - Commercial liquid l1ime sulfur.

Lethane 420 - 100 percent active aliphatic triocyanate

manufactured by hohm and Haas Company Inc.
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MFTHODS AND TFCHNIQTE

Various methods were used In carrying out the experl-
ments. These may be described briefly as follows:

Preliminary dipping method - It was decided early in the

snring of 1946 to make some laboratory tests of the msterials
avallable to determine which micht nossibly show some rromise
as miticides.

Dilutions were made b weipghing out the desired amonnts
of insecticides and mixing them with 889 ml. of water in one-
quart jars. These nreparations were used in the dipping
tests and stored in jars inmper cartons away from sunlight
between series of testse.

Heavily infested leaves were selected from fully grown
cotton and tomato plants in the college areenhouse. The
leaves were cubt from the plant and placed in paper bags and
carried to the Fntomology Bullding where the actual dipping
was nerformad.

The infested leaves were dinned singly by holding them
by the netiole and lowaring them into the mixtures in the
quart jlars until tlrey were completely immersed. They were
withdrawn immedlately, giving the leaf tins a maximm ipr-
rersion period of four seconds. They were placed on folded
paper towels to draein for approximately 30 seconds and then
nlaced with the petioles in vials of water. The vials were
nlaced on numbered sheets of naper towelling on a table in
the laboratory. A min‘mum of two leaves were dinped in each

material in each series, and more were used when the infesta-
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tlon anpeared to be 1light. At least two l=aves were dipped
in water in each series to serve as cheks.

After 24 hours, the leaves were removad from the vials,
and the counts were made under a low power dissectling micro-
scope. All counts were made by starting at the base of the
ridrib on the under side of the leaf and counting all mites
that anpeared 1n successive fields until the tip of the leaf
was reached. The leaf was then stifted and moved back on a
path parallel to the midrib. This procedure was followed on
alternate sides of the midridb and on successive leaves of the
same treatment until a total of 100 mites were observed. The
total alive and dead were recorded.

Spraying Technique - In preparation for spraylng, the desired

quantities of insecticides were weighed in the laboratory and
then taken to the fleld, the dry powders being carried in
parer bags and the liquids in glass bottles. All fleld spray-
ing was done with a 50-gallon Bean sprayer mounted on the
back of a nick-upr trucke. A single nozzle spraygun with a
nmimber five disc was used, with a pressure of 350 pounds per
square inct. The trees were sprayed with as much uniformity
and thoroughness as they would receive in normal orchard
snrraying. After each apnlication, the spraysr was troromghly
rinsed twice with clean water. Turing this orocedure, the
disc was removed from the snraygun to make s ranid release of
nressure possible. The pressure was allowed to bntld un to
the maximum and released to flush the spray residue from the

expansion chamber in the pump. This procedure was repcated
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several times.

It was found that arproximstely ten sallons of spray
mixture were required to cover each tree in the Horticulture
orchard. The trees were sprayed in nalrs or groups of four,
making 25 gallons and 50 gallons of spray mixture necessary
to insure comnlete coverasge. Because tle trees in the Fnto-
rology orchard were smaller, only about one and one-half zal-
lons were required for complete coverage. In treating these
trees, the snray mixture was prepared in three-=sallon lots
In five-gallon water cans. The intake hose on the spray
mmmp was inserted inte the filve-gallon can as was the return
line extension hose; this took care of the overflow and fur-
nished the necessary agitation. Otherwise, the same nroce-
dure was followed in both orchards in spnraying the trees and
cleaning the equlpment.

Samnling Technique - All samples taken in the field tests

consisted of 25 leaves from ecach tree. 1In the early tests,
ten leaves were taken from new growth nesr the base of the
trunk and from new growth near the center of the tree while
the reraining 15 leaves were taken from terminal growth around
the outside of the tre~ st a helght of from 3 to 6 feet from
the ground. Later in the season all of the leaves were taken
from the outer margin of the tree In the same manner, All
leaves were taken at random within the 1imitations set forth
above. This latter method of gathering leaves was due to the
apparent fact thst early in the infestation there anneared

to be a concentration of mites near the center of the tree;
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later the mites became distributed throughout the tree, mak-
ing outer margin samnling adequate. As a samnle was nicked,
the 1eaves were placed in a naper bag for removal to the
brusting statlione.

Brusring Technlique - An apparatus for brushing samnles was

designed by the author and used throughnut the field tests.
This consisted of & turntable mounted on a 16-inch scuare
stand 12 inches in helzht. The turntable was 15 inches in
diameter and driven by a 24-volt D.C. motor mounted on the
side of the stand. A three-eighths-inch »nulley wss mounted
on the motor shaft, and the drive belt was fitted into a
groove in the outer edge of the turntable giving a power
ratio of anrroximately forty-seven to one. The motor was
driven by a six-volt automobile battery very satisfactorily,
as the motor used required but one and one-half amperes per
hour for operation. A plastic cone three inches in diameter
at the lower end, four inches at the top, and annroximately
s1x inches in helght was mounted over the center and one-
fourth inch above the surface of the turntable. This cone
was mounted in a frame to make 1t easlly removed for clean-
ing. Sampling papers four and one-half 1nches by five and
one-half inches were numbered, coated with fresh varnish,
centered under the cone, and fastened with common plns at
each corner. The motor was then started and the mites were
brushed from the sample leaves into the top of the cone
through which they fell to the coated paper below. The

brusk used wa a8 three-fourths inch camells-halr artist'!s
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brush. After each 25-leaf samnle was brusted, the paper
was removed and a fresh paner placed in nosition on the turn-
tahle. The sample papers were nrinted with four segments of
10 degrees esach centered at equal intervals around a nolnt.
These segments totaled 40 desrees or one-ninth of the area
of the entire circle. The center point of the segments was
centered on the turntable resultings in an even distribution
of mites on the sample paners with'n a circular area marked
off by the four segments. At the center of the circle, the
segments became too narrow for accurate counting, so a srasll
earea was left open. Thls area was considered senarately in
making counts. As & series of samples were brushed, the
sample napers were nlaced in a wooden box twelve inches
long, five and one-half inches wide, and four inches deep
witk slots one-fourth inch deep at three-eighths-inch in-
tervals on the inner surface. Two sample papners were placed
in each slot back to back. This nrovided a satisfactory
metrod for transnorting the naners to the laboratory for
counting.

Counting Technique - All counts were made within four hours

of the time that the sarnles were brushed. The samnle paners
were taken to the laboratory and observed under a low nower
dissecting microscore. Counts were made of all 1iving mites
on the four marked segments and noted. The small open center
area was then counted and noted. The total number of 1living
mites on the four segments was then multiplied by nine, and

the number found in the center area was added to give the to-
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tal number of 1iving mites on the naner - or the total brush-
ed from the 25-1eaf samnle. BSome difficulty was encountered
in nreliminary counting in determining a criterion for decid-
inzg 1f a mite were alive or dead. Body movement was an indi-
catlion in most cases, but many mites were stuck to the var-
nlsh so securely that movement was nearly impossible, yet it
was found that many of these immoblle mites were actually
alive. It was flnally declded that all mites plump and not

obviously desslcated would be considered as living.
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FRELININARY DIPPING TFSTS
- The preliminary dipping tests were designed to compare
the toxlicities of various miticides and develop a technique
for handling and counting mites. This work was intended
primarily as a source of information to be used in later
field tests.

The materials included in the dipping tests were DN-111,
hexachlorocyclohexane (666), Flavan, Selocide, sulfur, summer
snray oll, 1lime sulfur, and Lethane 420. All concentrations
nsed were recorded in welights or quantities of the sctive in-
gredients of the material as nreviously described under "List
of Materials".

Results of the tests are shown In Tables I to V inclu-
sive. Since the leaves were reroved from the plants and
could not he kent fresh sufficiently long, it was impracti-
cable to test the residual effect of the materials used. As
a result, these tests are not a complete comparison of the
killing nowers of the miticides. Several were too slow-
acting to deronstrate thelr total texicity within the 24-hour
period observationse.

A series of tests were made with DN-11ll on both infested
cotton and infested tomato leaves. A single series was run
on cotton using DN-111 at the rate of 0.25 pounds per 100
gallons as recommended by the manufacturer and a 32 percent
mortality was obtained. The higher rates were renlicated
four times on cotton and three on tomato as shown in Table I,

on nage 17.
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TABLE I - Percent Mortallity on Cotton and Tomato with DN-111.

Cotton Series Tomato Series
Rate 1 2 3 4 HMean 1 2 3 Mean
«3 1b6s/100 gal. 12 45 35 37 32,2 77 84 80.5
«4 1bs/100 pgel. 35 56 32 44 41.7 75 89 82 82,
.5 1b8/100 zal. 16 71 368 33 38.7 93 87 76 85.3

DN-=111 gave very noor results In the dipping tests at all
concentrations from the recommended rate of 0.25 pounds per 100
gallons up to 0.5 nounds. This 1s the ontstanding example of
a material giving a noor kill in the dipping tests and show-
ing much better results in fleld tests. This 1s no doubt ex-
plained by the slow action of the material on the mite and
the righ residval qualitlies of DN-11ll. It may be noted in
Table I that the kills on tomato leaves were consistently
higher than on cotton.

Lethane 420 was used at concentr-tions of one-half, and
two pints ;er 100 gallnns of water. [Four replications were
made with each stren~ th on infested cotton leaves and three
on tomato. Results of these tests are shown in Table II
belowe.

TA’LE II - Percent MYortallty on Cotton and Tometo with Lethane 420.

Cotton Series Tomato Serles
Rate 1 2 3 4 Mean 1 2 5 Mean
1/2 pint/100 z8l. 73 €69 44 58 61.0 46 48 76 56.6
1 pint/100 gal. 86 68 37 84 68.7 61 71 91 74.3
2 »pints/100 zal. 90 87 71 92 85. 91 97 97 95.

It is apparent in the ahove table that Lethane 420 does
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give an effective kill at two pints per 100 gallons. However,
this material was not used in the field tests becsuse it has
a tendency to burn foliare.

Flavan was tested at strengths of .33, .67, and 1.00
nounds to 100 gallons of water. Four replicetions of each
strengtl were tested on infested cotton leaves, and three re-
plications of each were made on tometo leaves, A single-
reﬁlicate test was made on infested cotton, using 1.33 nounds
of flavan 1n 100 gallons of water, Results of these tests
are shown in Table III hslow.

TARLE III - Percent Mortality on Cotton and Tomato with Flavan.

Cotton Series Tomato Series
Rate 1 2 3 4 Mean 1 2 3 Mean
«33 1bs/100 gale 77 83 63 77 7645 72 74 68 71.3
«67 1bs/100 zal. 36 83 70 95 85.75 81 41 83 6843

1.00 1bs/100 gal. 87 93 83 96 89.75 99 52 62 73.3

Results from flavan were very erratic and did not show
much promise in these tests. The 1.33 nound rate showed a 74
nercent mortality, however, occasional righ kills were ob-
tained with as 1low as two pounds per 100 rallons enncentra-
tion. It was decided to make further studies of this materi-
al In field test to determine if the material would have
enough residual qualities to contrnl the mites in the field
over a long reriod of time.

Loro was included in a series of dipping tests in which
thlis materlial was us=~d at r.tes of one-fourth, one-half and

three fourths pint ner 100 gallnns of water. Four replica=-



tions were made on infested tomato leaves. In addition a
single test was made using Loro at the rate of one pint 1
100 mallons of water on infested cotton leaves. HKesults

shown in Table IV belowe.
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TABLE IV - Percent Mortality on Cotton and Tomato with Loro.
Cotton Series Tomato Seriles
Rate 1 2 3 4 Wean 1 2 3 Mean
1/4 nint/100 gal. 97 85 44 09 81.2 90 91 97 92.€
1/2 pint/100 gale 9% 97 83 96 93.7 100 9¢ 97 99.3
3/4 pint/100 gal. 100 100 99 99 99.5 88 99 100 99.0
Loro gave extremely high kills at rates of one-half »int

ner 100 gallons or over and was falrly conslistent in givi
good kills at lower concentr tions. A single test at one
pint per 100 mallons pgave a rorftality of 98 percent. This
material 1s not recommended for use on Jonathan trees due
to 1ts tendency to cause foliare iInjury. For thls reason
it was not included in the preliminary dipping testse.
Rates of 4.175, B.375, 12.57, and 16,75 pounds per 1
zallons of water were used in the tests with four replica
tions on cotton and three on tomato leaves. Results are

shown in Table V.

ng
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TABLE V_- Percent Mortality on Cotton and Tomato with €é6.

Cotton Series Tomato Serles
Rate 1 2 3 4 Mean 1 2 3 Mesn
4,174 11s/100 gal. ©4 76 81 80 82.7 53 86 76 71.6
8.375 1bs/100 pal. 93 94 52 99 84,5 65 82 90 79.0
12.57 1bs/100 zal. 94 98 83 99 93.5 82 83 97 87.3
16,75 1bs/100 zal. 98 97 93 100 97.0 94 95 98 95.6

Hexachlnrocyclohexsne (€¢6) was one of the most npromis-
ing maeterials tested as far as effective control was concern-
ed. However, it wlll be noted in the preceding table that
hish concentrations of the material were necessary to obtain
a uniformly high kill. It was felt that this materlial showed
enougl nrom!se to continue the study in fleld tests.

A single series dinring test was carried out to obtain
Information on the miticide qualities of Selocide, sulfur,
Surerla S 'mmer Snray 011 and 1ime sulfur., Infested cotton
leaves were us~d In the test, and counts were made after 24
hours as in nrevious testse.

Seloclde at 24 pounds per 100 gallons gave a lowkill
with a 61 vnercent mortality. Thls materlal has another dis-
advanta re in that it is a selenium compound and may be ab-
sorbed by the plante.

Sulfur was used at the rate of seven pounds per 100 gal=-
lons of water, and a k!1ll1l of 28.5 percent was obtain~d. This
does not agree with the recommendations of some workers who
recomrend sulfur sprays to contrnl mites, but further tests

were not considered because of the tendency of sulfur to
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burn folia:e.

Superla Summer Spray 011 was tested in a one percent
concentration with excellent results. A mortality of S6 per-
cent was obtained. This material wa=sa included in fleld tezts
a3 nart of the cover spray until a warning wes recelved that
a combination of DDT and oll might result in severe damage to
foliage

Lime sulfur gave a k'll of 70 nercent but was not con-

tinued because of the deleterious effect on follagse.



Infestatlion Control Tests

The infestation control tests were designed nrirarily
to compare the effectiveness of the seven raterials, Azo-
benzene, Hexachlorocyclohexane, DN-111, ™C, PC-11, Flavan
and Summer Cil, in controlling an infestation of spider mites
on arrle trees after an infestatlion had becore established,
However, ennugh trees were svallable for additional test work
and the tests were expanded to obtain an indication of the
ablility of DN=-111l and Summer 0il to prevent the build-up of
an infestatlion.

One experimental block of 68 trees was selected in the
Horticulture orclard Southeast of Stillwater. This block con-
sisted of rows 16, 17, 18, and 19 in the orchard. Fach row
included 17 trees arrroximately 15 years of age.

Hows 16 and 17 received a trestment of DDT at the rate
of one nound to 100 gallons of water easch tire that a cover
spray was annlied to the remainder of £?e orchard. Row 16
had received DDT during the previous sesson.

How 18 received three early cover sprays of DDT at the
rate of one pound to 100 gallons of water plus one percent
Sunerla Summer Spray Oile On June 21 the oil was discontinued
due to a warning recelved from the Bureau of Entomology and
Plant Quarantine that a combination of o0il1l and DIT was caus-
ing severe foliage injury at otler stations and would not be
recommended. The DIT applications were continued in each

cover spray trroughout the scason.



Row 19 received six cover srrays of DDT at one nound
nlus DN-=11l1l at 1.25 pounds per 100 gallons of water during
the season.

Mites were first found in considerable numbers in this
orchard on July 13. Counts were made on the four rows on
that dete and again on July 17 to determine if trere had heen
any delaylng of the Infestation bul!ld-up due to the miticides
used.s Tre first count was made on all of the trees in each
of the four rows. The s~cond count was made on the four
trees In each of rows 16, 17, and 19. By the time the sec-
ond count was made, row 18 was being used in other tests and
could not be included.

It was found that row 16, which had received treatments
of DDT only during this and the previous season, had the
heavliest infestatlon, with an average of 28.2 mites ner leaf
on July 13 and 23.5 mites per leaf on July 17.

Row 17, which had received DDT only during the current
season, had an average infestation of 16.4 mites per leaf on
July 13 and 29.0 mites per leaf on July 17.

Kow 18, which received DT and oil in three cover snrays
tefore June 21, had an average infestation of 14.1 mites per
leef on July 1l3.

Row 19, which recelved a treatment of DTT and DN=111 in
rach cover spray throughout the season had the lowest average
infestation with 3.3 mites per leaf on July 13 and 2.4 m!tes
ner leaf on July 17.

The above results indicate that DN-=111 apnlied at the
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rate of 1.25 pounds (0.25 pounds active ingredient) to 100
gallons of water controlled the infestation to a considera=-
ble desree., Observations made during the balance of the
season tend to supnort the above data, since no signs of mite
damage were ohserved in the DN-lll-treated row durihg the
entire season and since all »f the trees in rows 16, 17, and
18 develnped heavy Infestations at some tize during the sea-
son. Contrary to exnectations, there was no chemical injury
to the fallage observed in row 17 although some apnlications
were made durlng extremely hot weather.

No data were %taken to support the observation, but 1t
was noticed that no heavily infested trees were found in
row number 18 until considerably laster than in rows 16 and
17. Row number 18 rece’ved three sarly treatments of sumrer
oll, and 1t apnears quite probable that this treatment did
retard the devealopment of a heavy infestation for some timee.

Rows 16 and 17 were tre ted with DDT only througout
the season, and both develnned heavy infestations at about
the same time. It rmist be noted, however, that row number
16 had received DDT during the season prior to the test and
row.number 17 had not. Thls may account for the fact that
on J1y 13 the infestation in row number 16 was nsarly twice
that of row 17.

A second test block of 54 avple trees was selected in
the Entomology orchard near Lake Blackwell, northwest of
Stillwater. Thls orchard was treated with DDT at the rate

of one pound to 100 gallons of water on May 6 and at inter-



vals of two weeks untll August 3.

Infested trees were selected from the four-row test
block in the Horticulture orchard and from the Entomology
orchard for treatment with mitlicldes to determine the ef-
fectiveness of the materials in contrnlling an infestation
after 1t was established. This work was done in several
series throughout the season as the infestations avreared.
The treaatrent of eacl su cessive series was dependent upon
the results indicated in a previous series. As a result
changes in rates of applicstion were made as indlcated 1n

later discussion. In the dlscusslion of these tests, the
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rate of anr-lication of each treatment 1s exrreassed in rounds

of active ingredient in 100 gallons of water.

In selecting trees to be treated 1n a series, counts
ware made on a creater number of trees than were needed in
the test. A sufficlient number for the serises were then

galected fr-m those on which counts wers made. These were

selacted to »rovide as nearly the same desrae of infestation

as nossible. From thls groun of trees the chack trees and

treatments were selected at random.
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Azobenzene = A total of six trees were treated with Azobenzene

at strengths of one-half, one and two nounds per 100 gallons
of soray mixture in this test. On July 13, one tree in the
Perkins orchard was treated st the half pound strength. A
second tree in the same orclard was treated with the same
strength on July 18. Two trees in the Tntomolngy orchard
were treated at the one pound rate on July 18. It was soon
obvinus that the lower rates were not cintrolling the mites,
and on July 25 two additlonal treoes in the Horticulture or-
chard were treated at the two pound rate. Counts were made
before treatment and at intervals following anplication as
Indicated in Table VI. Untreated infested trees were select-
ed from both orchards, and counts were made at the same time
that counts were made on the treated trees,

Azobenzene at the rate of one-half nound per 100 gallons
cave a poor controle There was an sffective control of 53.2
nercent on the fourth day after treatment, but there was no
effective control at any time other than on the fourth day
recorded in thils test. Furthermore, the 53.2 p=rcent control
recorded was due to an abrupt increase in the check counts
rather than a reduction iIn mites on the treated trees.

At one pound per 100 rallons, this material srowed no
better control. Again, the only control recorded wss on the
fourth day with an effective control of €68.8 percent. How-
ever, this peak of control was due to both a drop in infesta-
tion counts on treated trees and an increase in population on
the check trees.

At two pounds per 100 gallnns, the control was somewhat



TABLE VI - Results of Infestation Control Tests with A zobenzene,

Averacge Mites Per leegt
Days Following T reatment 2 L 6 8 10 15 20 27 34 35
No. Before
Trees Treatment
1/2 1b/100 gal. 2 31,2 32,05 29.9 M.2 93.1 108.5 96.7
Check 2 Y2.25 32,3 86.5 W74 123.1 72.6 57.0
Percent Effective Control 0 53.2 0 0 0 0
1 1b/100 gal. 2 9.6 6.15 2.9 8.5 6.55 13,1 Yo,b 66.6 51,46 114,0 131.3
Check 3 33.04  17.4% 32,03 27.3  13.7 27.36 72,67 718.4 56,1 70.87 76.9
Percent Effective Control 0 8.8 0 0 0 0 0 0 0 0
2 1b/100 gel. 2 23.05 10.85 4,2 8.15 20,6 16,67 11.85 8.05 24,05
Check 2 .35 B2,35 28,7 21.82 54,4 22,1 15.8 10.9 14,2

Percent Effective Control 61.8 78.2 4.3 u3.6 0 0 0 0
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better but =till far from satisfactory. A 61.88 percent
effective control was recorded on the second day, and this
increased to 78,2 percent on the fourth day, followed by a
steady decrease In control. On the tenth day and after,
there was no longer any effective control,

Azobenzene at the tested rates failled to provide a con-
trol for the spider mites, All of the trees treated in the
test showed considerable mite damage by the end of the tect
period, There were also indications of chemieal injury on

the trees treated at the two pound rate,



Hexachlorocyclohexane -~ This material was used on 3ix trees

at rates of one-hslf, one and two pounds per 100 gallons.
One tree in the Horticulture orchard was treated at the one-
half pound rate on July 13, end a second tree in the same
orchard received the same treatment on July 18. Two trees
were also treat~d in the Fntomology orchard on July 18 st
the one round per 100 gallons rate. Two additional trees
in the Horticulture orchard were trested at the two pound
rate on July 25 when 1t became obvlous that the lower rate
in that orchard was not controlling the mites. Check trees
were designated In both orchards. Counts were made and the
results recorded as shown in Table Vii,

Hexachlorocyclohexane, at the rate of one-half pound
ner 100 gallons, gave very llttle control throughout the
entire rerlod of thls test.s At the end of ten days the
porulations on the trested trees had increassed to such pro=-
portions that treatment with another meterial was necessary
to rrevent severe damage to the trees.

At one nound per 100 gallons, the results appeared to
be congiderahly bstter. A high percent of mortality wes re-
corded on the second day after treatment, and the effrctive
control remained high for slx days. However, this degree of
control declined raridly and by the fifteenth day had decreas-
ed to zero.

The two pounds rer 100 gallon trestments showed very
poor results by co-parison with those from the one pound

rate. The hipghest effective control was recorded on the



TABLE VII - Results gg‘ggyestation Control Tests with Hexachlorocyclohexsane,

Averacge Mites Per Leaf

Days Following Treatment 2 L 6 8 10 15 20 27 3L 35

No. Before

Trees Treatment
1/2 1b/100 gal. 2 3.5 19,0 15.0 k5.5 75.8  127.3
Check 2 42,25 32,3 86,5 MN7.4 123.1 72.6
Percent Effective Control 27.9 718.7 © 24,6 0
1 1b/100 gal. 2 7.55 ~ .18 1,46 .54  1,k46 4,3 43,7 17.45 38.95 129.1 1u49.4
Check 3 33,04 17.4 32,03 27.3  13.7 27.67 72.67 8.4 56,1 70.87 76.9
Percent Effective Control 95.4  80.1 91.3 53.5 3.2 0 2.6 0 0 0
2 1b/100 gal. 2 41.35 33,15 22,0 21,7 LMk
Check 2 34,35 42,35 28,7 21.8 54k

Percent Effective Control. 64,1 36,32 17.3 32,2
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second day after treatment with 64.1 nercent. The effective
control deteriorated rapidly after the second day and remain-
ed low for the remainder of the test. Both treated trees
were retreated after elight days to prevent further damage to
the trees,

The discrenancy in controls exhibited by the one pound
and two pound ra tes may be explained by the fact that the
population was low at the time of trestment with the nne
pound ner 100 gallon rate, and there were probahly very few
eges deposited on the tree. The vast number of eggs on the
heavily Infested trees ftreated at the two pound rate would
probably hatch in large nimbers during the two-day neriod
before the first count after treatment was made. This would
tend to overcome an equally high k'11 of 1live mites present
at the time of treatment.

At best, this material was far from satisfactory at the
rates tested. The best control was maintained for s period
of six days, and the increase in mites after that time was
so ranid that the tree would suffer mite damage between cov-
er sprays including this material.

There were some signs of follage Injury on the trees
treated at the two pound rate, but it was not definitely es-
tablished that the snrav material was resnonsible. The hot
dry weather prevalent during the test reriod made positive

interoretation impnossible.
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Hydroxy-pentamethvl Flavan - A total of slx trees were used

in tests of Flavan as a miticide. This material was used at
one-half, one and two pounds per 100 zallons r-tes in the
tests On July 13, one mite-infested tree was treated at the
half-pound rate in the Horticulture orchard. Flve days later,
on July 18, a second tree in the same orchard was treated at
the ssme rate. On July 18, two trees in the Entomology or=-
chard were also treated at the one pound rate. By July 25,
it was evident that the lower rates were not controllling the
mite population, so two more trees in the Horticulture or-
chard were treated with the two pounds per 100 ~allons mixture.
All of the trees treated with Flavan had & heavy infesta-
tion at the time of treatment, as did the check trees select-
ed in both orchards for corparison. Results of this test are
shown in Table VIII. It was found that Flavan was not a satis-
factory control for snider mites at the rates tested. At the
rate of one-half pound per 100 gallons, this miticide did
not reduce the mite ponulations enough to rrevent serious
damage to the trees at any time during the test. The popula=-
tion incre=sed on the trested trees during the first two
days following treatment. The highest control was not reach-
ed until the eighth day when an effective control of 66.2 per-
cent was recorded. This high control was largely caused by
a ranid increase in populatlon on the check trees ratrer than
a decrease in treated mites. No control was shown after the
eighth day.

At one nound per 100 gallons, no great increase in
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TABLE VIII - Results of Infestatlion Control Tests with Flavan,
Average Mites Per Leaf
Deys Following Sreatment 2 L 6 8 10 15 20 o7 2l 35
Ko, Before
Treegs Treatment
1/2 1b/100 gal. 2 W25 73.8 Lo.6 43,5 U35 98.5 93.2
Check 2 42,25 32,3 86,5 47 .4 123,1 72.6 57.0
percent Effective Control 0 55.2 12,4 66.2 0 0
1 1b/100 gal. 2 52.65 7.8 20.4%  17.7 9.75 25,45 64,2 107.5 89.9 81.64 8&1.us
Check 3 33.04  17.4 32,03 27.3 13.7 27.36 72,67 78.4 56,1 70.87 76.9
Percent Effective Control 71.9 60.1 59.3 55.4 0 W5 o0 0 0 0
2 1v/100 gal. 2 34,9 10.8 10.15 16,2 46.15 20,2 13.0 7.8 5.8
Check 2 34,35 42,35 28.7 21.82 B4k 22.1 15,8
Percent Effective Control 74.9 65.1 0 16.5 10.1 16,7

Dates of treatment:

1/2 1b - July 13 and 18 - Horticulture Orchard

11b - July 18
2 1b - July 25

- Entomolozy Orchard
- Horticuiture Orchard
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control was observed. The highest effective control of 71.9
percent was record=d on the second day after treatment, and
there wass a gradual decrease In control until 1t reached
zero on the tenth day. On the fifteenth day, a 44.5 nercent
was recorded, but thls was the last observed in this test,
and the mites had reached a level of heavy infestation at
that time.

The results obtalned with the two pound rate were not
siznificantly better than with one pound. Again, the high-
est effective control was 74.9 on the second day after ap-
plication with a rapid decrease in control following. After

the fourth day, there was very little control shown.
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PC-11 - Tests were made with PC-11 on six trees in the two
orchards at one-half and one pound ver 100 gallons strengths.
One tree was treated on July 13 in the Horticulture orchard
at the one-half pound rate, and a second tree was treated in
the same orcrard at the same rate on July 18. Two trees in
the Fntomology orchard were also treated on Juy 18, but the
one pound pner 100 gallons rete was used on these trees. On
July 25, two additional trees in the Horticulture orchard re-
ceived a treatment at the one nnund rate., All of the treated
trees had & well established infestetion at the tiie of treat-
ment.s Comnarable checks were selected from each orchard for
comrarison. Results are stown in Table IX.

It 1s readily observed in Table IX that PC-11 was not
effective at the rates tested as a mite control.

At tre one-half pound rate the hirhest effective con-
trol was 56.6 parcent on the fourth day after treatrent. ﬁﬁ
the sixth day, the mite populatlon had surpassed the origl-
nal count and the trees were su'fereing severe damage.

The test of the one pound rate on four trees gave slight-
ly better results, but the control stown was far from satis-
factory. The k111 was more rapid with the highest effective
control of 79.7 percent appearing on‘the second day, but this
degree of control decreas~d rapidly. The mite population be-
gan Increasing after the second day and continued to increase
throughout the test period of 35 days.

All of the test trees ended the test period with heavy
mite porulations accomnanied by bronzing of leaves and severe

defoliation.



TABLE IX - Results of Infestation Control Tests with PC-1l.

Averacge Mites Par Leaf
Days Following Treatment 2 Y 6 8 10 15 20 27 3 15
No, Before
Trees Treatment
1/2 1b/100 gal. 2 .1 16,1  36.55 59.25 58.1 551
Check 2 42,25 32,3 86,5 u7.b 1231 72.6
Percent Effective Control hg,7 56.6 0 51,5 21.9
1 1b/100 gal. L 46,3 7.65 11,0 16.1 16.5 17.2 45,0 62,15 58.4 83,2
Check 5 33.62 27.38 30.69 23.10 29.9 25.25 49.63 8,74 39.3 76.9

Percent Effective Control 79.7 73.98 ho.h 59.95 51,0 37.4 0 0 16.7
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Dinitro-o-cyclobexylnhenol - A total of six trees were treat-

ed with DN-111 at the rate of one=fourth nound of active in-
oredient per 100 sallons in this test. One tree in the Horti-
culture orchard was treated on July 13. A second tree in the
same orclard was treasted at the same rate on July 18. On the
same date, two additlonal tress were trested in the Tntomology
orchard at the sare rate. Two more trees in the Horticulture
orchard were treated on July 25. Check trees were designated
in toth orchards at the time of treatments to compare with

the treated trees. Results are shown in Table X.

It 1s readily seen in Table X that DN-111 was far
superior to any of the msaterials previously discussed in
this series of tests. The kill was rarid, as evidenced by
the S€.7 percent effe~tive control on the second dsy follow-
ing treatment. The control incressed to 99.1 percent on the
fourth day, and a hi~h degree of effectlve control was main-
tained for ten days. The decrease in control after that time
was gradnal, and the mite nopnlation was held to below a dan-
gerons level for 27 days after treatments.

Observations made during the test show that there was
very little bronzing of leaves by the mites at 51 days after
treatment even thoush the nopulation had Incressed to 24.1
mites rer leaf before that time. Apnarently the nrote-~tion
afforded.the trees by the prevention of mite porulations dur-
ing the srowing season made them more resistant to late sea-
son mite damage.

There was a slight appearance of snray injury on two



TABLE X - Results of Infestation Control Tosts with DN-1il,

Average Mites Per Leatf
Days Following Treztment 2 4 6 8 10 15
No. Before
Trees Treatment
1/4 1b/100 gal. 6 33.8 1,02 RIT: 0.83 3.4 3.2 6.6
Check 7 31.3 28.8 k9,2  33.h 57.8 4.5 58 .1
Percent Effective Control 96.7 99.1 97.75 9.5 92.8 89.5
Days Following Treatment 20 27 3Y 35 37 4l 51
1/% 1%/100 gzal. g.2 12,19 31,5 31.9 44,06 94,1 29,45
Check 61.5 u45.6 70,9 76.9
Percent Effective Control 87.6 75.2 58.8 61,6
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trees in the Horticulture orchard, but this was not rcevere
enough to be considered serioucs, The temperature reached a
point over 90 degrees Fnhrenheit-every day during the entire
test period, This lack of foliage injury was contrary to
the expected recults, a= the manufacturer hacs recormmended
that thls materisl not be used if the terperature 1is expect-
ed to go above 90 degreecs Fahrenheit in the 24~hour period
after aprlication., The low relative humidity during thig
period of high temperature may have prevented foliage injury

in this care,
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Di(p-chorophenyl)methyl Carbinol - A total of 19 trees were

treated with TMC at rates of one-eighth, one-fourth, one-half,
three-fourths, and one pound ver 100 gallons of spray mixture.
Applications were made as listed below:

TABLF XI - Applications of IMC.

Date Number of Trees Rate drchard
July 13 1 1/2 1/100 gal. Horticulture
July 18 ;| 1/2 1b/100 gal. Horticulture
July 18 2 1/2 1v/100 gal. Fntomology
July 18 1 3/4 1b/100 gal. Horticulture
July 25 2 1 1b/100 gal. Horticulture
Aug. 3 4 1/8 1h/100 gal. Horticul ture
Aug. 3 4 1/4 1b/100 gal. Horticulture
Aug. 3 4 1/2 1b/100 gal Horticulture

Counts were made before treatment on all trees treated
during July. However, the series treated on August 3 was
not counted before applications wer - made. As & result, there
are no means of comruting the degree of effective control in
the internretation of data from this series.

MC was the most successful material used as a control
for mites of all of the miticides tested wren used at rates
of one~half pound per 100 gallons or above.

One-eighth pound ner 100 gallons reduced the mite popula-
tion to 9.75 mites per leaf on the fourth day after applicsa-
tion, and the infestation did not show an increase until the
fifteenth day when it reached an average of 13.65 mites per

leaf. The check counts did not Increase durlng this period,



TABLE XII - Resgults of Infegtation Control Tests with DMC.

tAverage Mites - Per Leaf
Days Following Treatment 2 4 6 8 10 15
No. Before
Trees Treatment
1/8 1b/100 gal. it 8.75 93 13.65
Check : 14,5 5 b 11,6
1/% 1b/100 gal. y 5.3 h, 4,89
Check 1 14,5 1Y 11,6
1/2 1b/100 gal. 8 26,2 3.6 . +63 .36 R .7 1,72
Check o7 33,46 .3 h9,2 33, 57.8 41.5 58,1
Percent Effective ‘ontrol gh,35 98,4 98.6 99.0 97.8 96,2
Days Follwoing Treatment 20 27 3N 35 37 NN 51
148 1b/100 gal.
Check
1/5/100 gal.
Check
1/2 1b/100 gal, 2.2 4,6 10.b 11,5 8.5 3.1 8.5
Check 78. 56.6  70.87 76.9
Percent Effective Control 98,3 89.5 g£1.2 76.5



so it i1s assumed that the degree of control was slight,

At the one-fourth pound rate the population was reduced
to 5.3 mites on the fourth day, and no increase was noted af-
ter that time for the neriod of observationns. Azaln, the
check tree falled to show an increase ,but the originsl in-
festatlion 'n the treated trees was observed to be hesavy at
the time of aprlicition, and the porml:ation was obviously re-
dvced to a grest extent by the treatment.

™C, at the ore-half »nund rate, gave an excellent con-
trol of the mites. The effective control on the second day
after trestment was 84.35 percent. The degree of control in-
creased until 1t reacted a 99 nercent control on the eighth
day. The control was maintained at over 90 percent until the
twenty-seventh day whren 1t bheman a sradusl decline to 76.5
nercent on the thirty-fifth day. At that time, the average
infestation on the treated trees was 11.5 mites ner leaf as
comoéred to 76.9 mites ner leaf on the check trees. The check
tree counts were discontinued on the thirty-fifth day, but it
may be noted in Table XIT that Infestation on treated trees
did not increase above the 35-day level after that time. In
the eight trees treated with TMC at that rate, the mites did
not reach a dangerous level of infestation during the entire
51 days of observation after treatment.

At trree-fourths pound per 100 gallons, thls material
was even more effective than at the one-~half nound rate. The
mite nopulation showed no sisns of recovery during 34 days of

observation. During the first ten days after treatment, when
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check trees were countad, the degree of effective control did
not fall below 9%.2 percent.

Tests at the rate of one nound per 100 pallons showed
plainly that this was a higher concentration than was neces-
sary to control the mites. Throughout the entire 27 days of
obsarvation, the degree of effective control remalned at 94.5
percent or above. There were no signs of increcse in popula-
tion at the end of this test.

™C at the rate of one-half pound or rore ner 100 gal=-
lons was stown to offectively control spider mites for a veri-
od of at least 51 deys. At this rate no si-ns of population
occurred In the test trees untilthe 27th day after treatment,
and the infestation did not reach a dangerous level during tle
neriod of the test.

There were no indications of foliage injury in any of
the TM(C tests.

The finlish nf the fruit and leaves was far superior on
the trees rece’ving DT and T™C than on the trees treated

with the conventional lead =2rsenate cover snrays.
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Summer Spray 0il - Three trees were trested with a one rercent

01l mixture with soyhean flour added as a "safener". All of
the trees were located iIn the Entorology orchard and were
treated on August 23. This test was initiated late in the sea-
son and was desfgned primarily to give some Informaticn upon
wrich to base the use of 0il iIn future experimental work. Re-
sults of the test are s own in Table XITI.

TABLE XITII - Results 2£ Infestation Control Tests with Surmmer 0il.

Average Mites per Leaf

Days following Treatment 8 15

ﬁg. Trees PRefore Treats

1 6al/100 Gal 3 . 0.3 4.6 .84
Check 3 106.3  71.1 18.7
Percent Effective Control 02 94,7

Summer Spray 011 wss apparently very effectlive as a
mite control for the 15-day neriod in which observations were
made. The degrees of effective control on the eighth and fif-
teenth days after treatment were 92 nercent and ©4.7 nercent
respectively. It will be noted, rowever, that there was a
rapid decrease In the infestation on the check trees duri ng
the same ner!od making the data of doubtful valve until fur-
ther work 1s done with this material,

There were no signs of follage Injinry followlng the use

of this material during the 15-day observation neriod.
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INFFSTATION PRFVVNTICON TFSTS AND VARIFTY COYPARISON

Tris exreriment wss designed to compare the abilities
of Hexacllorocyclohtexane, Flavan, DMC, and DN-111 at various
strengths to prevent the establishment of an iInfestation in
mninfested mature trees, In addition, thris experiment was
confined to equal numbers of Winessp and Jonatran trees to
make it nossible to observe any varietal differences that
might occur.

Fach trestment was made on one tree of each variety,
and one of each variety was treated with DTT at one pound
to 100 zallons of water to serve as checks.

The first aprlication was made on June 21. DDT at the
rate of one pound to 100 callons of water was added to each
treatment to supplent the arsenical cover spray applied to
the remainder of the orchard on the ssme date. All of the
treatments were rereated on Ju'y 3 at the time of the next
cover sprave. No additinnal an—lications were made for 28
davs. After that time, the evperi-ent was terminated. Re-
sults are stown in Table XIV,

Hydroxy pentarethyl Flavan - Two trees were treated wilth

Flavan at the rate of one-half nound of active ingredient
to 100 gallons of water. The first observation at 16 days
after the last annlication showerd an averace nopulation of
9.8 mites ner leaf. At 20 days the population had increased
to 13.3 mites per leaf, and at 28 days 1t hrad increassed to
31.8 mites ver leaf. The check trees had an infeatation of

30.2, 29, and 53.8 mites per leaf on the sixteenth, twentietl,



TABLE XIV

Results of Prevention and Variety Test

Mites Per heaf

Treatment Variety July 19 July 23 July 31

DDT Vinesap 57.9 43.0 56,4
(Check) Jonathan 2.5 15,1 5l.2
Flavan Winesap 16.3 19.8 31,0
1/2 1b/100 gal. Jonathan 3.2 6.8 32,5
Flavan Winesap 2.2 7.2 10.9
1/% 1b/100 gal. Jonathan 4.3 9.0 39.8
Flavan Winesap 1.2 24,5 62,2
1/8 1b/100 gal, Jonathan 5 5.8 31,8
DMC Winesep 0 .36 .36
1/2 1b/100 gal. Jonathan 0 0. 0.
DMC Winesap .36 0 b % |
1/% 1b/100 ganl. Jonathan 0 0 .36
DMC Winesap .08 .36 2.9
1/8 1b/100 gal, Jonathan .36 0 1.8
DN-111 Winesap p 1% | 2.5 18.0
1/8 1b/100 gal. Jonathan 0 1.1 2.2
666 Winesap 23,9 30.2 55.8
1/2 1b/100 gal. Jonathan .72 .72 28.0
665 Winesap 18.4 31.3 61.4
1/% 1b/100 gal. Jonathan 5el 18, 28.8
666 Winesap g % 18.4 1.5
1/8 1b/100 gal. Jonathan 4.3 1.3 29.7
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and twenty-elichth days respectively.

Two trees treated with the same materlial at one-fourth
nound to 100 gallons of w-ter annarently rave a somewhat bet-
ter contrnl. The population level on the sixteenth day was
at 3.2 mites per leaf and increased to 8.1 and 25.3 mites ver
leaf on the twentieth and twenty-elghth days respectively.

The ropulstlon was still lower in the two trees treated
with Flavan at one-elighth nound of active Iingredient to 100
gallons of water. The first count on the sixteenth day sltow-
~d an sverace nf 1.3 mites per leaf., This count incressed
to 15.1 mites per leaf on the twentieth day and 23.5 mites
ner leaf on the twenty-eighth day.

The antror i1s unable to evnlain why the decreased dos-
aces resulted in a higher degree of apparent control. It
can only be »nointed out that the best control was far from
gsatlsfactory.

Hexacrlorocyclohexane - Two trees were trested with this

material at the rate of one-~half round to 100 gallons of
water, The first observation on tre sixteenth day following
treatment stowed a strong Infestation present on the trees
with an average of 12.3 mites ner laeaf. Tris vpopulation
built up to 15.5 mites per leaf on the twentleth dey and 41.Q
mites per leaf on the twenty-eichth day. The check trees show-
ed an infestation of 30.2, 29, 53.8 mites per leaf on the
same resrective dates.

Two trees treated with the same material at one-fourth

nound to 100 rallons of water showed a very sirilar trend in
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population. The infestation on the sixteenth was 11.8
mites per leaf and incregssed to 24.8 mites per lesf on the

twentieth day end 45.1 mites per leaf on the twenty-eighth.

This increase wes s8lightly more than with the hall-pound treat-

ment but not signiflecantly d4ifferent.

"hen trsated at the rate of one-eighth pound to 100 gal-
lons of water two trees showed even less controle The initi-
al count on the sixteentl! day did show a low count of 5.7
mites per leaf, but this ponmulation Increased ranidly to 12.8
mites per leaf on the twentieth day following tre«tment and
to 85.6 mites ner leaf on the twenty-elghthday. Tris experi-
ment indicasted that low concentrations of hexacr lorocyclo=-
hexgne will not retard the increase in spider mite nopulation
over an extended neriod of time.

Dinitro-o-cyclorexylohenol - Thls material was used only on

two trees at the rate of one-eighth pound of active inoredi-
ent to 100 mzallons of water. 1he first count taken on the

g xteenth day a‘ter treatment show~d a negliglble infestation
of +54 mites per leaf. The second count on the twentieth day
showed that the iInfestatlion was still belng held down to 1.8
mites ner leaf. The last count on the twenty-eighth day
stowed a weakenlng of contreol as the nonalation had increased
to 10.1 mites per leaf. The results of thils test compare
very closely to other tests with th-1s material which indicsate
that tre residual effect of DN-111 at tris rate will last for
about 20 dayse. Trere were no sligns of follage InjJury on these

test trees,
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Til{p-chlorophenyl)methyl Carbinol - Two trees were treated

with ™WC at the rate of one-~half pound of active ingredient
to 100 gallons of water. There were no mites present on the
trees on the sixteenth day. On the twentieth and twenty-
eihth days following aprlication, there were .81 mites per
leaf present, indicating almost complete control for a peri-
od of twenty-eight days.

Two trees were treated at tre rate of one-fourth pound
to 100 gallons with very similar results. The initial count
showed an Infestation of .18 mites per leaf at sixteen days
after treatment. The infestation was at zero and..74 mites
per leaf on the twentietl and twenty-elasht days resnectively.

Two trees treated with DMC at one-eighth nound to 100
gallons of water showed slightly poorer results. The infesta-
tion counts were .22, .18, and 2.3 mites rer leaf on the six-
teenth, twentieth, and twenty-eighth days respectively. 1In
tris case the control was not as complete as was found with
higher concentrations, but the mite population was obviously
held below the point of serious damage to the trees as com-
pared to the check plot population counts of 30.2, 29, and
53.8 mites per-leaf on the same resnective dates.

This test indicates that low concentrations of TMC will
nrevent a population of snider mites from increasing to a
dangerous level for at least 28 days when apnlied before the
infestation appears.

Summary - When applied at the low concentration of one-eighth

pound per 100 gallons of water before the Iinfestation appear-
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ed, DN=-111 nrevented a serio:s nnmilation Iincrease nf snider
mites for a reriod of 28 days. DMC at the same rate also nre-
vented a serious increase for at least twenty-elght days.
BEoth Flavan and hexachlorocyclorexane showed a slight control
at sixteen days but a ranid bulld-up thereafter. W*ren used
at the hi-her rates of one-fourth and one-half pound to 100
gallons, ™C gave a very effective control for 28 days, but
Flavan gnd hesachlorocyclohexane failed to show control other
than a slight tendency on the sixteent! day after appllication.
A comnarison was made hetween the infestations counts on
22 Jonathan and Winesan apple trees in the Horticulturm or-
chard. FEleven palrs of Jonathran and ¥inesan trees were select-
ed before a mite pormlation anpeared, and the membars of aach
rair were treated similarly thronzhout the season. Resnlts

are shown in Table XV below.

TARLE XV
Varlety Ninesap Jonathan Winesap Jonathan Winesap Jonathan
Mites per leaf 11.76 2,17 16.24 5.84 40.14 22.38

It 1s obvious in the ahove table that the Winesans had a
consistently higher popunlation through the eniire neriod in
whicl counts were made. In the total of 33 palr-counts, there
were only six Instances in which the Jonathans hsd the higher
Infestation counts.

Detalled data on tyis test are recorded in Table XIV.
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SUMM ARY
The results of the tests observed during this season show that:
1. Neither Hexachlorocycln?pxané nor Hydroxy nentarethyl Flavan
at two pounds or less of active Ingredient per 100 gallons will

effectively control Tetranyclus biraculatus Harv. on apnle

treese.

2. PC=11 wlll give very 1ittle control at a concentration of
one-half pound of active Ingredients ner 100 r~allons of snray
material. At one pound ner 100 gallons, tre controls are vari-
able and ineffective but show nrom!se nf better results at
higher concentrations.

5. Dinitro-o-cyclohexylnbenol will effectively control mites
on apple trees for a neriod of annroximately 20 days when
applied at the rate of one-fourth nound nper 100 =zallons.

4, Di(p=-chlorophenyl) metlyl Carbinol will give an effective
control of the mites for a period of approximately 30 days
when annlied st the rate of one-half nound or more of active
insredients per 100 gallons,

5. D1 (n-chloroprenyl) methyl Carbinol at one-fourth nound per
100 zallnns will gzive more variahle results but 1s still supe-
rior to other materials used at the same rate.

6. llexacrlorocyclohexane, Tinltro-ocyclohexylntenol and
hydroxyventamethyl Fla'an may cause follace injury when used
at hish concentrstions on spple trees.

7. There is a varfation in mite norulations between varie-
ties of acples. Of tlose tested, Winesaps have a consistent-

ly Yigher populatlion In mid-season than Jonathan trees.,
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8. Dinitro-o-cyctohexylnhenol, when Included iIn all cover
snrays with DDT at the rate of one-fourth nound of acltlive
tnrradients ner 100 mallons, wlll effectively control the

mi tes for the entire season.

Ce The apider mlites can be nrevented from ilding up a
dangerous population on annle trers followinz DDT snrays by
two anplications of either Dinitro-o-cyclohexylphenol or di-
{p=-chlorophenyl)m~thyl Carbinol at the rate of ona-sight

nound of active ingredients per 100 sallons bhefore the mites

annear on the trees,
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TABLE XVI - Results of Tests on Mature Trees

Average Mites Per Leaf

Days Following Treatment 2 Y 6 8 10 15 20 21 3Y

E;. Before
Treatment Trees Treatment
Azobenzene 14-18 48.0 15.1 12,1 54,2 93,1 108.5 96.7
1/2 1b/100 gal. 6-16 b4 k9.0 M7.8 38,2
Azobenzene 6-16 38.2 16,6 4.b %.s 28.8 25,3 17.6 10.7 36.9
2 1»/100 gal. 13-17 7.9 5.1 4,0 .5 12,4 8.0 6,1 5.35 11,2 =
666 11-16 56.6 1.4 14,9 k6.2 75.8 127.3 u&’
1/2 1b/100 gal. 15-16 11.5 36,6 15,1 W47 g
666 15-16 4.7 15.1 19.4 14,5 W40 0
2 1b/100 gal. 11-16 2,0 S.2 24,6 28,9 4.8 5
Flavan H~18 4.7 12,6 15.0 24,7 43.5 98.5 93.2
1/2 1bv/300 gal. 5=17 13.8 135.3 65.3 62,3
Flavan 517 62,2 1Y 15.2 23.8 63.6
2 1b/100 gal. 13-16 1.6 7.2 5.1 8.6 28.7 20.2 13.0 1.8 5.8
BC-11 7-16 53.7 5.0 24,1 26.8 58.1 55.1
1/2 1b/100 gal, 10-17 28,5 27.2 49,0 9.7
PC~11 7-16 43,9 21.7 6.2 7.6 22.3 16.7 21.5 28.3 36.9
1 1%/100 gal. 10-17 91.7 6.1 20.6 19,4 25, 29,1 47.0 56,4 1.2
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TABLE XVI - Results of Tests on Mature Trees (CONTINUED)

Average Hi.tel Per Leaf
Deys Following Treatment 2 4 6 8 10 15 20 27 3% 35 31
No. Before
Treatment Trees Treatment
11-17 48,0 .72 ) 36 1.1 5.2 15,95 16.5 17,1 31.6 35.6 43,6
DN-111 12-16 aga 0 36 0 1.8 2.7 10.6 15,85 12,4 34,7
1/4 1b/100 gal. 1L4-16 . 1.8 0 0 10.1 3.7 2.93 1.0 1.4
14-17 4,2 0 0 1.4 5.8 0 Bl 6.85 2.9
DMC 9-16 27 4.3 72 1.k 0 b 1k 28 .36 e
1 1/100 gal. 9-17  109.7 J2 2,5 2.9 5.04 3.4 2,0 .96 .36 ﬁ
DMC 5-16  341,7 3.6 0 .72 1.5 2.3 2.2 1.1 29 36 .36 o
3/4 1b/100 gal. b
10-16 u4,0 2.9 .36 0 1.4 46 2.8 4.5 10.6 15.8 15.0 L
3-17 k.9 4.3 2.9 i % § 0 2.3 45 W6 2,0 8.3 =
DMC 3=16 .32 %] .25
1/2 1v/100 gal. 16-1 .72 g .88
15-1 .32 A7 1,72
11-16 43 87 .55
18 1.73 1.2 1,6
DMC 18 6.8 7.8 5.16
1/4 1b/100 gal 2-18 2.5 1.6 3.6
5-17 10.3 7.5 9.2
15-18 1.k 10.9  20.9
PMC 14-18 2.0 5.5 8.8
1/8 1b/100 gal 10-18 13.3 13.1 17.2
7-18 9.3 8.4 1.7

8%
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Averacge Mites Per Leaf
Deys Folllwing Treatment 2 L 6 8 A0 28 . 20 27 L
No. Before
Treatment Tresg [TIreatment
316 51.7 21.0 2.8 30.h 182.5 8.4 57.0
DD? 3-16 32,8 u3.6 130.2 .4 63.7 ?»6.9
(Check) 15«17 30.4 33,2 22,4 2,17 29.0 22,1 15,8 10.9 14,2
16=17 38.3 5.5 53.2 35.5 88,2

ITI-XIANHd4V
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TABLE XVII - Resulis of Tests on Immature Trees,

Average Mites Per Leaf

Doys Following Treatment 2 L 6 8 10 15 20 27 3l 35

| No, Before

Treatment Treeg [Ireatment

Asobenzene g 1.2 W3 M3 &M 9.5 157 3.9 b5 4813 115.2 1307

1 15/100 gal. 9rl go0 &0 1,5 &6 3.6 10,5 489 87.9 4.8 112,9 131.0 "
666 g-2 6.5 .36 J2 36 - 2.2 6.7 26,8 24,0 54,3 170.1 195.8 g
1 15/100 gal. 8-} 8.6 0 2.2 .72 .72 1.9 60.6 10.9 23,6 88.2 103.0 E
Flaven 2y 56.3 7.6 23.8 20.9 13.7  20.2 65.0 98.2 75.45 113.3 1252 .
1 1b/100 gal. 2-7 4.0 = 8.0 17.0 14,5 5.8 30.7 63.4 116,8 1o4.4 49,98 37.7

PC-11 6-2 42,7 1.4 14,8 31.0 13.7 17.6 80.5 111.2 1hko,4 91,9 76.6

1 15/100 gal. 6-3 6.9 1.4 2.5 6.5 4.7 4.7 31.0 537 55.2 90.8 99.8

09
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eslts of Tests on Imnature Trees. (CONTINUED)

A=-XIANEddV

Averacge Ml tegs

Days Following Treotment 2 I} 6 8

Ko, Before
Treatment Trees Trectment
DN-111 Gl 12,6 3.6 1.8 3.2 1.8
1/4% 1bv/100 gal. Ye5 2.8 0 0 0 0
DMC 6=5 8.8 0 0 .36 0
1/2 1b/100 gol. =T 7.2 ) 0 0 .36
Days Following Treatment 20 27 34 35 LY 5l
DN-111 5.8 28.8 36,0 3E.h U7 16,3
1/4 1b/100 gal, 3.2  10.53 22.6 24,6 43,5 42,6
DMC .36 1,65 5ol 5.8 1.8 2
1/2 1b/100 gal. .36 w4 12,3 13.8 4.3 8

19



TABLE XVII - fesults to Tests on Immature Trees. (Continued)

Averacge Mites Per Leaf
Days Following Treatment 2 L 6 8 10 15 20 27 30 35
Ho. * Before
Treatment Trees TIreatment
Untreated g-1 .72 4.8 22,7 31.4 8.0 12,2 46,8 57 33,3 72.6 84,9

2-1 4,0 19.0 14,86 17.0 7.9 2h,3 80.3 83.1 62,5 66.3 69.4
-2 61.4 28,5 58,5 33.5 25,2 45,6 9.9 95.1 72.6 T73.7 76.4
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