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NOVEMBER, 1927

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C,

EXPERIMENTS FOR THE CONTRQCL OF
THE EUROPEAN RED MITE AND
OTHER FRUIT-TREE MITES

By E. I Newcomer and M. A, Yorness, Associnle Entomologists
Diision of Deciduous Fruit Invects, Bureau of Entowslogy
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INTRODUCTION

Mites, or “red spiders,” have long been recognized as linportant
and insidious {ruit~tree pests. The damage thay do, which consists
primarily of removing sap and chlorophyll from the foliage and
sometimes from the fruit, is often underestimated because there is
also an indirect injury. There is not only an immediate effect on
frait and foliage but alsa 4 more subtle effect on fruit buds and on tha
tree itsell; for defolintion or serious mnterference with the functions
of the leaves, a common result of infestutions of mites, affects the
development of fruit buds and the growth of the tree.

It was for these reasons that a study of the biology ! and control
of the Buropean red mite (Paratetranychus pilosus C. & F.) was
undertaken by the Burenu of Entomology, at Yakima, Wash.

‘Three spécies of fruli-~tree mites occur commonly in the West.
These nre the common red spider or two-spotted mite (Zetranychus
bimaculaius Harvay), the brown mite or clover mite (Bryobia prae-
tiosa Toch), and the Furopenn red mite (Puaratetranychus pilosus
C. & ). The control experiments detailed in this bulletin were
conducted for the most part against the European red mite, since it
is found in the vicinity of Yakima more commonly than the other
species. The dormant sprays on the eges of the European mite and
those of the brown mite gave about equal results. The summer

¥ The hiologleal stuclies are to ba publishied as u separals bulletin
5T0H—T0——1




2 TECHNICAL BULLETIN 25, U. . DEPTL. OF AGRICULTURE

sprays found to be effective against the European mite should be
equally effective ngainst the other species.

This bulletin covers work done at Yakima, Wash., during the
seasons of 1923, 1924, and 1925. It is not to be considered the final
word on the control of [ruit-tree mites, for the very great interest in
oil sprays at the present time (1926) is sure fo result in many im-
provements in these materials in the course of the next few years.

DORMANT SPRAYS

The Eurcpaan red mite and the brown mite pass the dormant
season in the form of winter eggs on the trees. It seemed very prob-
able that & dormant spray could be applied that would kill most of
these eggs, and thereby to & great extent prevent the summer infes-

tation.
LABORATORY TESTS

Labotatory tests on the winter eggs are necessary to obtain definite
infermation as to the percentage of eggs killed by the various spray
materinls. In the orchard there are jnvarisbly meny dead and
hatched cggs that inteclere with making accurate counts, and the
results there can only be estimated. Accordingly, laboratory tests
of various sprays were made in 1923, 1924, and 1925, Twigs with a
medium infestation of eggs were selected, and with the aid of a
hinocular microsecope the dead and hatched eggs were removed,
The twigs were then sprayed and set in jars of water until finally
examined. This is the method used by Garmen ? in Connecticut.

Tn 1923 the sprayed twigs were kept in an unheated room having
approximately the same temperature and humidity es outdooss.
Examination of the eges was made after hatching on the unsprayed
twigs was completed. Table 1 gives the results of this examination.
The lime-sulphur spray was relatively ineffective, except at the
5° Brumé diiution. The lubricating-oil sprays were very effective
ot all the dilutions tested. Even when 6.5 per cent of oil was used,
however, some of the eges hatched, and in none of the tests made
was an efficiency of 100 per cent obtained; for, when the final exam-
inntion was made, & few eggs were found to have hatched in spite
of the spray. The addition of cresol to the oil sprays did not improve
them, but apparently made them slightly less effective against the
egws. 'The results in tests 6 to 8, where various quantities of cresol
were added to o 2 per cent oil spray, were not so good as those in
test 4, where no eresol was used, and with one exception the resulis
in tests 9 to 11, where cresol was added to a 4 per cent oil spray,
were inferior to those in test 5, where this spray was used withoub
cresol. The cresol was added at the time the emulsion was made,
and it appeared to mix in perfectly. The addition of cresol to a
soap emulsion in this manner Is not comparable fo its usein e maiscible
oil. The kevosene spray (test 15) was fairly effective, but the dis-
tillate emulsion {tests 13 and 14) was of practically no value.

P(akMAN, P. NOTES ON TUE EURQPEAN ReD Mrte. Cozg. State Agr, Expt. Sta. Bul. T 148152
H
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Tanne 1.—Laboralory tests of dormant sprays on the winler eggs of the European
ved wmite, Yakime, Wash., 1923
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In 1924 some of the sprayed twigs were kept indoors, and some of
them were pluced outdoors, since it was [ound, in making some similer
tests against the San Jose scale, that a higher percentage of the scales
died indoors than out. This was discovered after tests 1 to 15
(Table 2) had been started, and therefore a second series was con-
ducted about & month later (fests 16 to 25}, and the twigs were kept
cutdoors. A lower percentage of the eggs hatched in the latier
series, even in the check, indiceting that the viability of the eggs used
in this series was less. The twigs for the two senes were obtained
from different orchards. There is no indication that the mortality
was inerensed by keeping the twigs indoors, but Garman?® obtained
somewhat poorer results, as & rule, in oukdoor tests than in indoor
tests. The difference in most cases, however, was not great.

The tests in 1924 corroborate those made in 1923, for the most part.
The 5° and 6° lime-sulphur sprays gave very poor results, however,
although the 1923 tests had indicated that strong lime-suiphur mix-
ture might be effective. The oil emulsions made with soap and with
casein spreader and the miscible oils gave very similar results at
equivalent dilutions, and in most cases slightly better results were
obtained with the 3 per cent than with the 2 per cent dilution. Ia the
indoor tests the red engine oil, which is a heavier oil than the brown
reuwsl oil,* gave better results than the brown neutral oil. Red

 QaRyAN, P. Op. cit.
+ See p. 20 for comparative characteristics of these olls,




4 TECHNICAL BULLETIN 25, U, 8. DEPT. OF AGRICULTURE

engine oil was used in tests 5, 6, 7, and 9, and brown neutral oil in
tests 4, 8, 10, 11, and 12. In the outdoor tests the results were sbout
the same with both oils. Results with the two commercial prepars-
tions tried (tests 12, 13, and 14) did not equel those with the home-
made mixtures,

Tiuue 2.-—Loboraiory tests of dormant sprays on the winler egys of the Buropean
red mite, Yakima, Wash., 1824

[Indoor tests, Twigs sprayed Moreh 7, examined Moy 2]
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In the spring of 1925 winter eggs of the European red mite were
difficult to find in lerge numbers, owing to the prevalence of preda-
cious enemies in the fall of 1924. Therefore eggs of the brown mite
were used for the laboretory tests. The twigs in these tests were
kept outdoors sfter they had been sprayed. The results were very
similar to those obtained in the previous years, as is shown in Table 3.
The lime-sulphur mixture friled to kill many eggs, whereas the oil
sprays were very effeclive. The addition of casein spreader at the
rate of 1 pound to 200 gallons apparently decreased slightly the
effectiveness of the 2 per cent and 3 per cent oil sprays. o advan-
tage resulted from the sddition of wesk Hme-sulphur mixture to the
2 per cent sprays in tests 8 and 9,
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TauLe 3.-—Labaratory tedls of dormant sprays on the winler eggs of the brown mile,
Yakima, Wash., 1825

['Pwigs sprayed March 6; examined Aprif 18]
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ORCHARD TESTS

A number of orchard tests were made in 1928 and 1924 to determine
the practical dillerence between oil sprays and lime-sulphur in con-
trolling the winter eggs of the European red mite. Since definiie
counts of the eggs could not be made the results were determined by
counts of the mites present on leaves selected gt random from the
trees at various times after the eggs had hatched, and in one case by
a comparison of the number of appTes on which winter eggs were depos-
ited tie following fall.

The orchard used in 1928 had been only moderstely infested with
mites, but the mites were sufficiently numerous to indicate the value
of the sprays used. The spraying was done with a power sprayer on
March 30, when the leaves were beginning to show green. About
40 apple trees were sprayed with each material. No injury resulted
to any of the frees.

Examinetions of the sprayed plots were made April 24, Mey 1, and

July 2. (Table 4). On the first two dates, only mites of the first
‘brood were present, and the numbers found on the two dates were
very similer. On July 2, mites of the third and fourth broods were
present in the orchard. The infestotion at this time was more
seattered, that is, 1a0re leaves were infested, but the total number of
mites present was about the same g&s earlier. On each date, 100
leaves from each plot were examined, 10 leaves being taken at ran-
dom from each of 10 trees. The trees sprayed with lime-sulphur in
plot 1 were not so heavily infested as the check trees, an indiestion
that the lime-sulphur had been of some benefit, either in killing the
eggs or in killing the young as they hatched. The trees in plots 2 and
3, sprayed with oil, were comparatively free from mites. Even in
July the infestation in plot 3 was only one-third that on the
unspraved trees, and in plot 2 it was almost negligible. The results
obtained do not justily any conclusion s to the effect of the cresol
used in the spray spplied in plot 3.
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In the fall it was noticed thiat the mites deposited many winter egos
about the calyxes of the apples, and it was decided to examine some
of these to determinc whether any difference existed in the various
plets.  Unfortunately, most of the fruit was picled and removed
Trom the orchard before this could be done, but some fruit was exam-
ined in plots 1 and 3, and the results, given in Table 5, are rather
striking. In plot 1, where the lime-sulphur was used, winter eggs
were found on 98 per ceat of the fruit, wheress in plot 3, which hed
been spraved with oil emulsion, only 14.4 per cent of the fruit bore
winter eges,

Tanve b~=Orchard tests of dormant spreys on the winler eggs of the Evuropean red
mite, Yakimu, Wash., 1988
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Tanue 8.—OQrchard lesty of darmant sprays on the winter eggs of the Eurepean red
wite, Yokima, Wash., 1028

[Fruit examined for Infestation (o fall]
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q:\'f‘gf': Material and dilution axBm- l;relsl"_ésd inFE‘;Etletd

ined

: Number v | Per cent
¥ Lime-sniphte (32° Tuntt coneentrigd, dituted 10 4°8 300 038.0
3§ Lubeimmiing-nil cnualsion {2 per cend oily ! plis eresol (025 per cento.. 00

I No. 4, (See |n 30.)

In 1924 a very heavily inlested orchard was used for the dormant-
spray tests, The trees were, in alternating rows, Rome apples and
Beurre Bose and Anjou pears, and all had been about equelly infested
the previous year. By means of a power sprayer about 40 or 50 trees
were sprayed with each material on March 21, at which time the buds
were beginning to open.  No injury ovcurred.

A comparison of the plots was made in the same manner as in 1923,
except that 50 apple leaves were examined and 50 pear leaves, 10
leaves being taken from each of five trees in each case. On account
of the very severe inflestation, no check trees were left. The results
of these examinations are given in Table 6,
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TapLe 6.—Orchird tests of dormant sprays on the winler eggs of the Buropean red
wmite, "akima, Wash., 1084

[Flity applo lenves snd 50 pear lenves wero axamioe! in ench plot cach tirme)
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The first examination was made on May 1. At this time all the
winter eggs had hatehed, and the female mites of the fiest brood had
just sturted to oviposit. About seven times as many mites were
present in the lime-sulphur plot as in any ol the oil-sprayed plots.
The 8 per cent oil appeared to have given slightly better results than
the 2 per cent oil, and the miscible oil was a little better than the
enscin-oil emulsion. )

The second examination was made on June 3. A few third-brood
cees had hrtehed at this time, but practically all of the mites present
were of the second brood.  The owner of the orchard had sprayed the
ltme-sulphur plot with & 0.5 per cent summer oil spray on May 5, and
this had greatly reduced the infestation in this plot. For some reason
the infestation was also reduced in plots 3 and 4, although these had
been sprayed with nothing but lead arsenate in the meantime. The
infestation had increased in plot 2, and on this date more mites were
present there than in any of the other plots. Some of this increase
may have come from the lime-sulphur plot, as the two were adjacent.

A third examination, of the apple trees only, was made on June 24,
at which time mites of the second, third, and fourth broods were
present. The infestation wns therefore much greater than before,
being about three times as heavy as previously, in plots 2 and 3. The
increase in plot 4 was comparatively slight, and it is evident that a 3
per cent dormant oil spray is more effective than & wealer spray.
The lime-sulphur plot had again been sprayed by the owner on June
4, with & 0.5 per cent summer oil spray, and in consequence the
infestation had been checked. Neither of the summer sprays used
on this plot was very thoroughly applied; hence the infestation was
still heavy.

It was necessary to sprey plots 2 and 3 on June 25 with a summer
oil spray, but no summer treatment was given to plot 4 until July 30,
when all of the plots were sprayed. At this time the leaves in plot 4
were still in a green, thrifty condition, whereas those in other plots were
considerebly bronzed. With a more moderate infestation, such as
was cxperienced in 1923, summer spraying of the trees sprayed with oil
while dormant would be unnecessary, and it is rarely if ever necessary
or advisable to spray after July 1, if adequate treatment has been
given earlier.
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SUMMER SPRAYS

It is not possible to control the two-spotted mite with dormant
sprays, and it is sometimes desirable to use measures against the other
two species during the growing season. Therefore extensive tests
wore made at Yakima, Wash., of & number of summer sprays ageinst
both the summer eggs and the mites, Practically all these tests were
meade on the eggs and mites of the European red mite.

LABORATORY TESTS OF S8PRAYS ON THE SUMMER EGGS

In June, 1923, o series of tesis of various oil and sulphur sprays
were made on the summer eggs of the Europesn red mite, s recorded
in Table 7. A portion of an_infested tree was sprayed with each
material, a bucket pump being used, and both surfaces of the leaves
being thoroughly wetted. Examinations of the eggs were made from
10 to 14 days later, st a titne when the live eggs would have hatched,
There were usually some hatched eggs on the leaves when the spray-
ing was done, and in some cases the spray did not kill all of the aduls
mites, and consequently new eges were deposited between spraying
and the time of examination. Therefore it was not found possible
to obtain very accurate res.lts. However, the results are rather con-
clusive, and i} is considered $hat if more than 75 per cent of the eggs
were found to be dead, the trentments are satisfactory. Lubricating-
oil sprays containing 0.5 percent of oil or morekilled 80 to 100 per cent
of the eggs, while the distillate-oil emulsion (tests 5 and 14) killed
only 72 per cent and 39 per cent of the eggs in the two tests made. The
lime-sulphur, at 1 gallou to 50 gallons (test 9}, evidently did not kill
any eggs, as lewer dead eggs were found in this test than in the check.

TasLy T—Laberalory tests of f})rf-ys cunI l‘t’_iw ,:Sumrgmé eggs of the Ewropean ved mile,
akima, Wash., 192,
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In 1924 similar tests were made in May, when a large number of
eggs had been deposited on the leaves by the first brood of mites
but before any of these eggs had hatched. Therefore, any hatched
ergs found at the time 0% the examination had hatched in spite of
the spray. Young trees were used and an entire tres was sprayed
with each material. The only discrepancy in these tests, then,
would result from eggs being deposited after the sprey was applied,
by mites that the spray failed to kill. The cil sprays killed practi-
cally all of the mites, and the results of these tests on the eggs are
probauly very accurate. The nonoil sprays, for the most part, killed
very few eggs, as shown in Tables 8 and 9. It was found possible to
distinguish” between dead and live eggs fairly accurately, and eggs
that were obviously alive were disregarded, as they must have been
deposited after the spray was applie(%.

In the first series of tests (Table 8), over 97 per cent of the eggs
were killed by lubricating-oil emulsions containing (.5 per cent or
more of oil, and 84.6 per cent with a lubricating-oil emulsion con-
taining 0.25 per cent of oil. The miscible oil did not give so good
results. When casein spreader was added to the oil sprays, the re-
sults were poorer, for the most part, than when no spreader was used.

The lime-sulphur, at 1 gallon to 75 gallons, killed only 14 per cent
of the eggs, and at & dilution of 1 gallon to 50 gallons it killed 39 per
cent of the eggs. Nicotine sulphate, 1 part to 800 parts, with fish-oil
soup, 2 pounds to 50 gallons, killed less than 7 per cent of the eggs.

TaBLE B.—Laboratory iests of sprays on the summer eggs of the European red mile,
Yakima, Wash., 1824

{T'rees sprayed AIny 7-5; 10 lenves (500 L6 1,700 eges) cxumined for each test May 19]
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In the second series (Table 9) practically the same results were
obtained as in the first. Lubricating-oil emulsion at 0.25 per cent of
oil killed from 86 tc 93 per cent of the eggs, and at 0.5 per cent it
killed 99 per cent. There was no difference betweer the red engine

oil and the lighter brown neutral oil in either case. The addition of
57024°—2F———2 )




10 TECHNICAT BULLETIN 25, U. 8. DEPT. OF AGRICULTURE

a spreader agnin reduced the percentage of eggs killed in most cases.
The spreader was the ordinary commercial lime-casein mixture, used
at the rate of 1 pound to 200 gallons. The results from the miscible
oil were, again, not so good as from the oil emulsions. Lime-sulphur
killed very few eggs. The results obtained with the nicotine sulphate
rnd soap were rather variable, but they indicate that the nicotine iz
of no value as an ovocide and that the soep can not be depended on.

Tanuve 9.—ZLaboraiory tests of sprays on the summer eggs of the European red mite,
Yakima, Wash., 1984

[Trees spraved May 15; 1,000 to 1,600 eges examined for epch test Moy 20]

Eggs dead

Miaterisl Dilution | When When

spreader apreader

was not
sed Wi lised

Fer cent oil| Pey
0.25
.8
|85
.5
.8

Lubricating-oll {re:dl engioa)t ernulston (easein-limne emulsifier) ..

RRE322
wu—oud

g
g8

Lime-sutphur {30° Baunné concentrate)
Ntuoitum sulpinte (40 per cent), plus sosp,! 2 pounds to 50 galions.

g

g

- R-E-3-]

B RS -
ot ey e
as

Y

Lkt el i nl
PR PoT=Y

tlo....
A 11—

1 ND, 2, {Secp.d0.) TN L. 1 No. 10,
LARBORATORY TESTS OF SPRAYS ON THE MITES

More than 100 tests of various spray materials at various dilutions
were made on the European red mite in 1923, 1924, and 1925. These
included seversal lubricating oils both in the form of emulsions and
miscible oils; distillate-oil and kerosene emulsions; sulphur, in the
formn of dust, wettable sulphur, colloidal sulphur, lime-sulphur, and
soluble sulphur; and various other materials, including a fatty acid,
casein spreader, nicotine sulphate, fish-oil soap, lye, washing powder,
copper sulphate, water, and several proprietary sprays. These sprays
are discussed in three groups; (1) the oil sprays, (2) the sulphur
sprays, and (3) the miscellaneous sprays.

1n 1923 the materials were sprayed very thoroughly on portions
of infested trees with a bucket pump. Examination of the mites
was made with a binocular microscope, 10 or 20 leaves being exam-
ined, depending upon the abundance of the mites, and a record was
made of the condition of all mites found. In each case half the leaves
were examined by one observer and half by snother observer. In
the case of the oil sprays and most of the miscellaneous sprays it was
possible to make these examinations within 24 or 48 hours, and as the
oil had a tendency to glue the mites to the leaves it is believed that
the counts represent very accurately the results obtained. Exami-
nations of mibes sprayed or dusted with sulphur were usually delayed
several days, as it was thought that the action of the sulpbur might
be slower. For this reason, and becnuse the mites killed by the
sulphur had » tendency to drop off, these results are not so accurate
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as those from the oil sprays. However, a much larger number of
live mites remained after being sprayed with sulphur sprays than with
oil sprays {Table 22).

Since the tests in 1923 were made on portions of large trees, it was
possible for the mites from unspraved parts of the trees to migrate to
the sprayed parts before the examinnbion was made und thus influence
the resuits. Therelore, in 1924, all the tests were made on young
troes, nnd an enfire tree was sprayed with each material used. The
possibility of contamination was therefore negligible. In 1825 no
infested young trees were available and the tests were made on large

trees, as in 1923.
OlL SPRAYS

In June, 1923, two series of tests of oil sprays were made. Some
preliminary tests, made in September, 1922, had indicated that weal
lubricating-oil emulsions would be very effective against the mifes,
and therefore in the first series {Table 10} oil emulsions diluted to 0.5,
1, and 2 per cent of oil were used, as well as the 0.5 per cent
emulsion with the addition of cresol, as it was thought thab this
might make the spray more effective. The crescl used is known as
“eresylic acid, 97 to 99 per cent, pale.” A commerciad distillate-oil
emulsionn was nlso used. Tn the second series (Table 11) several of
these tests were repeated, and red engine-oil emulsions containing
0.25, 0.67, and 0.75 per cent of oil were tested. The tests indicated
that these lubriesting-oil emulsions wouwld kill from 90 to 100 per cent
of the mites, il used at the dilution of 0.5 per cent or stronger, that
the addition of cresol was not only of no value, but gpparently hin-
dered the action of the oil, that the lighter brown neutral oil was prac-
tically as effective as the red engine oil, and that the distiliate-oil
emulsion, when used at the strength recommended by the manufae-
turer, killed little more than half as many mites as the lubricating-oil
sprays. The 0.25 per cent lubrieating-oil spray killed about 80 per
cent of the mites.

In August, 1923, a test was made of the red engine-oil emulsion
nt dilutions of 0.25 and 0.5 per cent of oil, with and without casein
sprender. The spreader was used at the rate of 1 pound to 100 gallons
of spray. As is shown in Table 12, the best results were obtained
where no spreader was used.

PABLE 10.—Laboralory tests of otl sprays ageinst the Enrepean red mile, Yakima,
Wash., 1523

[Trees spraved June 1 10 lesves (150 10 400 mites) examinet for euch test Jube 28 nnd a1]

Materind used Dilntion f}ﬁf;{’;

3 . . Fer cent ail| Percent

Lubrienting-oll {rel engine) ! eanipiglon (soap emulsifier) o 92,3

Lahrienting-ofl {red enging) Tenudsion Gaunp emulsifier), [Hus eresol, 004325 e

conk, . e e mm A mmmL M e mm—————— e oo . 75,7

Luthricati if fredd ciughite) T orualsion fsonp einudsifler), plus grosol, %0

e . L

. 190.0

0. ¢
2

.G
3
L]

e O i st mamma- . -
Lubrieatimg-oi) {brown neutnl) * emuision (sonp emitlsifter) . .. . 2
Counmereint distillate-pi enalslon 3, .0 L. .- . G2

R o . e iea i emmammmemmaneeamr e comea cod cdmmoprAmmmme ey mmrmTra [

tNo, 2, {Sce p.30.) T No, 1,
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Tasue 11.—Laboratory tests of oil sprays against the Buropean red mite, Yekima,
Wash., 1923

[Trees sproyed June 22; 20 leaves (150 to 300 mites) examined for each test June 23]

Materirl uzed Dilution Ei[lilteads

Percentoil | Per eent
[19] J00.4Q

Lubricating-oll (re.d englog)! enniision (sonp emulsifler)

Luhrllcutiug-oll {reul engineit emulslon (sonp ewnulsifier), plus cresol, 0.1335 por
con

Luhlil

z-0il (brown neudtal}? amulsion (soap enusitler
Commercial distillate-ofl emulsion 3. _._______..
Clieck . .-

Pereenrail | Per cend

023 80,4
.8 06.7
.67 100.9
1.8

I No. 2, {Jeop. 30) I No. 8.

Tanre 12.—Laboratory tesis of oil sprays, with and withoul cassinate spreader,
against the Buropean red mile, ¥Yakime, Woesh., 1923

[Trees sprayed August 13; 10 leaves (500 to 1,000 10ites} exnminad for ench test Angust 14)

Mites killed

Matarials used Dilution | When When

spreader spreacler

1\3;!&0#. whs Psed?

Per cent oil

1Np. 2. (Seep. 30) 1 Comunercinl spreader containing 20 to 25 per cont casein.

In 1924 the tests were made in & more accurate manner, as already
explained. The first series of tests of lubricating-0il sprays, made
May 7 and 8 (Table 13), showed that under these conditions the
emulsion containing 0.25 per cent of vil killed 94 per cent of the mites;
that the emulsions containing 0.5 per cent of oil or more killed 99 to
100 per cent of the mites; that there was no difference in the effec-
tiveness of emulsions made with soap and with caseln, or in emulsions
made of the brown neutral or red engine oils; that the misecible oil
was not quite so effective as the emulsions; and that the addition of
casein spreader usually reduced the effectiveness of the oil spray.
As a check on some of these points, o second series of tests was made a
few days later, the results of which are given in Table 14. These
tests corroborated the inferences drawn {from the former tests.

The results obtained in 1923 with oil sprays, to which was added a
small quantity of cresol, were not so good as those with sprays havin
no cresol added. In 1924 the miscible oils, which contained creso
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did not give quite so good results as the oil emulsions containing none.
This indicates that the cresol may have a deleterious effect on the oil
sprays, although this sffect is not pronounced.

TasLe 13.—Laboralory fests of oil sprays, wilh and without casein spreader, on
the Buropean red mite, Yakima, Wash., May, 1924

[Troos sprayed May 7-8; 20 leaves (150 to 400 mites) examined for each teat May o1

Mites killed

Murterial used Dilution | When

spreader

WS oot
useid

When
spreader
wasised |

Luil;lricnting-oﬂ {brown mnoulral) 7 emuisien (easein-liws pmil- | Per ccgtzm'i DPer cc;ié
L 26 3.

{ Commereinl sprendlar contatning 20 to 25 per cant caseln.
: 50' I, (Ses . 20.)
a. 2.

+ No. 10,

Tanue 14— Laboratory tesls of ofl sprays, with and without casein spreader, on the
Furopean red mite, Yakima, Wask., May, 1924

Frrees sprayed May 13; 20 leaves (100 to 200 mites) axamipet for each test May 15}

Mites killed

Rialorial used Dilution | When When

spresder

was not | Sproader

waa used

Labricating-oli {brown neutral) t smuision (caseindime snmil- | Per cont ol
siftor} 0.25

1o, {. (Sgep. 20) t Nop. 16.

In July, 1924, when the mites were raore numerous, snother series
of tests was made. At this time the addition of both lead arsenate
and casein spreader to the oil sprays was tésted, as well as the addi-
tion of & weak lime-sulphur mixture. The results of these tests are
recorded in Table 15. In the earlier iests of the 0.5 per cent oil
emulsions without additional spreader, 100 per cent of the mites
had been Lilled practically every time. In the July tests this did
not oceur, whether spreader or lead arsenate or both were added to
the spray. The addition of both materisls produced poorer results
than etther one alone, and the use of these, even with the 0.67 per
cent oil spray, did not kill all of the mites. It might be thoughs
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that the sprerder would incresse the chances of killing the mites by
causing & more perfect conting of spray to form over them. As
a makter of fact, however, every mite in the path of the spray is sure
to be hit by it, and, even when no spreader was used, it was found
that, after the spraying ceased, every mite and egg had a drop of
spray adhering to it, though there were places on the leaves that
were apparently dry. Ag these drops of spray dried, a flm of oil
was left covering each mite and egg, and it is possible that more oil
adheres to the organism in this way than when the spray is left in
a thin coat by the spreader. The resulis obtained from the addition
of lead arsenate point to the posstbiliby that the insoluble lead
arsenate or the lime in the spreader may absorb emough of the oil
to reduce slightly its killing power. The reduction in the effective-
ness of the spray upon the addition of either material is not enough,
however, to be of any practical consequence, if there is some other
reason for adding these materials.

In test 5, Table 15, the addition of a weak lme-suiphur to the
0.25 per cent lubricating-oil emnlsion made it completely effective
against the mites.

TasiLkE 15.—Lahoratory lests of oil s}n'ays against the European red mite, Yakima,
Wash., July, 1924

{"I'rees sprayed July 8§ 10 leaves (800 to 2,200 mites) exnmined Jor cach test July 9)

Mlpterial psed Diiution

Lubricatime-oil {hrown neutral)! emmulsion {casein-lime smlsifler), plus easein
sprender,d 1 Youn(l to 200 gallons, . - ——- -

Lubrieating-nil {brawn neulrnd)! eonigion (cascin-lime emulsifer], plus land
nrsenate,? 1 pound to &) gadlons ——-

Alakerial used in tust 3, plus easein spreader,? 1 pound vo 2700 gallons.

—

Lubrivatipg-oil (brown neutral)! emulsion {(casein-lime emylsifier), plus lime-
sui}ﬂhur, 1to 100

Cheglo..

[Trees sprayed July 21; 10 Jeavos (400 to 1,500 mites} examined for each test July 22]

Lubriesting-oil (rrown nentral)t emulsion {casein-lime emulsifor), plus caseln
spreader,? L povtind Lo 200 gallons
Lubrieating-oil {rown nentral}! emulsion (essein-lime emulsifier), plus lead
arsenate, 1 pound to 5 gallons .
Material used i test 8, plus casein spreader,? 1 pound Lo 200 gallons
do.
Mutclziul used jo test 7.

I No. 1. {Ses p. 20.) . .
* Comunercinl spreader contalning 20 Lo 25 por cent cnsein.
# Commereinl Jry lend arsenate.

In 1925 a brown neutral oil emulsified with kaolin was tested (test
4, Table 18}, as well as a homemade emulsion made of a eolorless or
crystal oil (tests 5, 11, and 12), and a commercial emulsion made of
the same type of oil (tests 6 and 7). The kaolin emulsion gave per-
fect results. The crystal oil killed over 99 per cent of the mites at a
dilution of 1 per cent or stronger, but at 0.5 per cent dilution it killed
only 96 per cent of the mites. The addition of weak lime-sulphur
mizture to the oil spray (tests 3 and 8) did not give quite so good
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results as it gave in 1924. Since the combination burns the foliage
severely, as will be shown later, it is of-no practical use. A combina-
tion fatty-acid snd oil emulsion, containing 0.25 per cent of oil and
fatty acid at a dilution of 1 to 2,500 (test 9), did not give as good
results as the oil alone (test 1), and the addition of fatty acid at o
dilution of 1 to 1,200 to this oil spray (test 10) did not improve it
much. ‘The addition of casein spreader to the 0.25 per cent oil spray
produced practically the sume resulis in this case as when the spreader
was nob used (tests L and 2).

Tanui 16.—Laboratory tests of oil sprays against the Europsan red mite, Yakima,
Wash., 1325

Darbe trovs were—
Mites
Materla! used Dilation exan-
spraved | T | e

Per cent
Lubrieating-of] {Lrawn peatrad} L amulsion {onse- oil
IR EL{TTTRr T TR L3t o U,
Mulerinl used in test ), plus casein sprender,?
TR ). -t imamesmmisrmmmmmm— e rramra o L85 doo o |--doo o] n7 B8. 7
Muterinl used in test 1, plus lme-saiphar, 1o 00, Lan ol do L dooL Ll ot} 95,6
Lubrieating-oll {brown neabrn)? erksion (kaolin
vanzbsilior) 2 . JEC O N . T S, 317 fiviX H
Lubrigtting-oil i
SHEE) T et i eammmamaame. . SN LT T Y 1 S 43
Cotptuercind fubricating-of] forystal) $ emaision 3., . ool 12
T {1 T O PR . -doo ). 437
Muterin? used in test 4, plus Hmesulphar, 1o 106 .t Inly & S
tabriciting ofl-fatty neicdd enulsion & {fatiy sehd,
A0 2500Y o riin o daiumsssmmmasee ez . [ [ T o
Materinl useed in test 4, plus fatby-acid emulsion ¥
{fukty aeid, 1 ko 1,906 W25 |aeadoo |- _do.o-] a5
Lubricoting-oil {erysinl) # ertision (onsc
emptsiflery Ui IO N T, O I, ', S 403
Lubricating-oif {ersstnl} & winndsion {wsein-lime
attisifier) ¢ . ) O Y 1, S 45§
lisck July 3 927

Number| Per cent
0.25 | July i | July 3 E11 80.8

tNo. I {Scop 29.) i i No, 12
t Commntercind speeader contateing about 20 per cent ensein. 4 No. Ik

* No. 8. : No. 4.
1 No. . ¥ No. 5.

SULPHUR PUSTS AND SPRAYS

In 1923 a test was made on June 19 of a dusting sulphur containing
89 per cent of sulphur and of a sulphur and nicotine dust containing
61 per cent sulphur and 2.5 per cent nicotine. As is shown in Table 17,
the former killed only 17.6 per cent of the mites and the latter 19.3
per cent. The maximum temperatures between the dates of appli-
ceticn of the dust and the dates of examination were 92° and 79° F,
respectively. The dusting sulphur was tried again June 28 and
August 7, the maximum temperatures being 96° and 91° T, respec-
tively. A mortality of 17.7 per cent resulfed from the first of these
tests and a mortality of 27.4 per cent from the second. In these
sulphur-dust tests an entire tree was dusted each time, and exan-
inations made at intervals showed many of the mites running about
over the sulphur-covered leaves with partieles of dust adhering to
them. The sulphur did not seem to have much effect on them, and
t.iu;refore no further tests of sulphur dust were made on the European
red mite.
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Tanue I7.—Laboralory lests of sulphur dusts against the Europeun red wmile,
Yakima, Wash., 1528

Mpx- | Date trees wero—
. . iznumn o
Tust Mnterind nsed erm- Mites Mit.es
No. 1| killed
per | Sorayed | E*
stare | =P urttined
oF, Number |Percent
L | Dustiog sulploer containing 82 per cont sulphur. | 02 | Junme 161 June 29 .o I8
2 | Suipbur el aleatine dust,? (82 por cent snlpug
2.5 per et pleatine) ..o e T8 [--.do- ... June 3 114 0.3
o A AL Jumy 20 11 7.3
4 ¢ Drsting solphor! contaluing 59 per qent solplior, | June 281 July 3 442 17.7
& B e e e e e e . L 388 8.8
6 | Drusting sidphr,! containing 59 per cent sulpinr. . 0F | Aug. 7| Aug. 13 784 2.4
7! Cheek.ooo L. e ———— 82 el Aug. 9 3,972 4.9
t No. 19 (See p. 32) t No. 20

In 1924 a test of dusting sulphur (89 per cent) was made against
bhe two-spobted mite. An infested sweet-cherry tree was dusted
dune 29, and 1t was noted that the dust adhered fo the webbing very
well. On July 3 an examination was made, and it was found that a
the two-spotted miles had been killed, the only live mite found bein
a stray adult Eurcpean red mite. The presence of many very smaﬁ
dead mites indicated that the dust had killed the young as they
hatched. Many live mites were found on an adjacent tree that had
not been dusted. The daily maximum temperatures between the
time of dusting and the examination ranged from 93° to 106° F. It
is evident that under these conditions the sulphur dust is very effec-
tive against the two-spotted mite.

Table 18 gives the results chtained when various sprays of sulphur
were used. Lime-sul hur (tests 1, 6, 8, and 9) kilied more mites than
any other form of sulphur, although in the tests made June 28 (tests
8 and 9), the percentage kitled was low. A homemade colloidal sui-
phur (test 13 ) gave [air results, but no better than lime-sulphur.
‘The wettable sulphur (tests 2 and 14) was a sulphur to which some
glue or other similny materinl had been added by the manufacturer.
1t mixed well with water but killed only 22 per cent of the mites.
Flowers of sulphur and sulphur flour were mixed with casein spreader,
which caused them fo become wettable, and tried in tests 3, 4, 10,
and 11, They killed from 12 to 25 per cent of the mites. It was con-
sidered unnecessary to make any further tests of any of these materials
except the fime-sulphur.

In 1924 lime-sulphur spray wes tested again under more favorable
conditions. Table 19 shows that when used at o dilution of 1 to
75 (test 1) it killed 67.5 per cent of the mites, and at a dilution of 1 to
50 (tests 2 and 4) it killed from 82 to 94 per cent of the mites. It is
not so effective as the oil sprays, but it is worthy of consideration
where there Is need to use it s a fungicide. A proprietary “soluble
sulphur’” was tested in August, 1925 (fest 6). This appeared to be
& combination of sulphur and soda-fish-oil soap. It killed over
88 per cent of the mites, when used according to directions.
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& spreader might be the more sctive part of this combination. This
wns fested i 1924, and it was [ound that potash fish-oil soap was
much nare effective than the nicotine sulphate alone or with casein
spreacler.  (Compare tests 10, 16, and 20 with 13, 14, 15, and 18)
1k required 2 pounds of the soap to 50 gallons of wuter to be eflective,
1 pound being much less effective (tests 20 and 21).  The addition
of 2 pounds ol this fish-oil soap to 50 gallons of spray containing
nicotine sulphate 1 to 800 or L o 1,000, made  very efiective spray
(tests 8 nud 9), but since the sonp kills most of the mites, it would
net pay to usc the nicotine unless uphids were present also.

Several other materials were tried. Caleium caseinate in the
ordinary commercind {orm, made for use as » spreader, was tried at
1 pound (o 100 gallons (test 1, Table 21}, but it had very little effect.
Water was tried (tesls 2 and 9), but no more dead mites were found
than often vecur on unsprayed leaves. A washing soda (sodium
carbonnte) used ut the rate of 1 pound to 100 gallons (test 4) killed
over 56 per centl of the mites, while Iye (sodium hydroxide} at the
same dilution (test 5) killed only ubout 37 per cent.  Copper sulphate
was tested ab dilutions of 1 pound to 200 gallons and 1 pound to 100
gallons, but had very little more eflect than water (tests 7, §, and 9).

Tawsne 20.--Laborutory tesls of nicotine and soap spregrs and dusts apainst the
Furopewn ved mite, Yakime, Wash., 1925 and 192/,

[Tests 1 ko ¥ were e fn 1025 Losts B 10 22 were mnde in 1934]
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Nicotine dust ! {2 per cent nicotine) tdune 19 | June 21
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LS A SRS S ; | S,
4! Nicotine suljrhute (40 per centd, plus 1o 85000 Aug. FiAug. 0
cnzain spreador, t o 200,
Nivobine easinmte S ... ... ' [t0800- .. wentlol Lodoo o
('o;:mmreinl meoline-cronsole prepun- i lip 200, .. —--do. _J._.do.___
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B TS I do___.
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podast fish-oil sonp,d 2 Lo 30,
et irircmraee. T IGRDO_ ey My @
Putasht Hsh-oi: soan 9, R - B 1 F - i I Mey May 15
. Cieck 58 nay 0
e mmem—arommeaaoa ¢ May 18
(0 por eene) .. _I 3 _ v 1A ] Mlay 18
) e e mem e —— e s i do_ .
Nicotine spiphnds (440 per cont), phog |lo SO0 do, |- do_...
nsein s?mnier,! Lio
'alash fisti-ofl soap 4 ' ;1 T
Cheek R . . aeatioo
Micotine sulplnte tvend), plus b . Inly @
easein spreader, | o 2000 :
Materisl wsed in test 18, plus potash 1 Lo 2,000-.. feeatdon .
fish-ofl soaps 1 in &), :
Podash fish-ollsoap e .. . oo .0 Fiiod0o... TR 1 TR J |+ T
VORI - 1 s SR SR ] R ST |+ J

i

# Eo8 dBI.-88 Bo B3 £

M=lde DRSSID T O

o LY

&
b

fo Lo
; Cleck ... e e it ime vmsmaacaaan. : I [ S,

TNo 2. ESee n, 32)
NGO A, i
I Comnterchil spresder containiog 30 10 23 por cent cuseln,
FAOL 18,

P No L

& Na., .

* Pounds to gsllons.
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T asne 2L - Luberdlory tests of miscellaneous sprays on the Eunropean red wmite,
Vakima, Wash., (828, 1824, und 1920

{losts 1 tah wre inude T 1928 fosts 4 1o seve muxle in 1924 Lesis T Lo 10 were e in 1023
[ . - B
Max- | Dale Lrees were—
HILLELL
- niites Miles

Muterial nsen Ditutiont Leme -t assiii- Py
[ S Examnt- il
Cture | RO ined

Nw-
ber
17 Caleiun caseinnte feascin spreatdeny @ . - ; June I | July 4
20 Wader. .. . . i 4 | June 22 Jupe =
C Eheek e e e L1 PR P} [ B
C Wishing suds (Ssdicat carhammte) P s July 8 duly i
Lyo cepdiinn bydroside, $1 pereenty L T 1 Le 108, o Y [ B B { |+ B
Chock. L.l o . . ' 122 TR SV - N
Capner sniphatie . July 40y Aug T
C o . . o W0 ST J T > S
Water . . A e e cmmaaes . . 1...\‘.|0..--

ek, . L. . v e e .....‘--i,-_do...-

t ol ta willooas. 7 ¢ oaipercinl sprowler containing 20 to 5 per veni casein,

COMPARISON OF SULPHULR AND OIL SPRAYS

Since the results obinined from sulphur and vil sprays have been
given in separite tables tn this hulletin, Pable 22 is presented to give
n direct comparison of the two types of materints,  These Lests were
all made within 10 davs under similar conditions, and it is believed
(hat they show the relative value of the various muteriats.

Tanne 22 Compurison of the effectiveness of sulphur sproys and dusts and oil
sprays aguinst the Burapean red mile, YVakima, Wash., 1823

i . atius )
i Dilution | tem- oxn- :\Jﬁlﬁa
i Frum- | ined
ined

Alneerint usul
pent-

tiiry Sprayed

I UaFagi-. Dte Lees were—
i
I3
H
i

Nitm-

Her cent oil ber

Lthrienting-off e:nulsinn_._...,,,f 0.2 June W | June 30 163
de .l - 3 TR TR I 1+ TR 243
da. Lo v R <[ T (RS J .« N 235

; Dibubion
4 Limng-suipher 3%° Hagmd con-

B Y T PO B I £ ¥ 1 Tune 2§ June 23
Wotsthilo sl e Yo MG Rt | duwe 19 | June ¥
Finwers of sulphior, plus ciseln

i spremlor (bl ponimd 2 100

palglish. ... . L L e L) THLO 100 G | June 28 | July 8 320

Suriphire Uour, plus casein sproader

o qone-hindl pontud w00 gallonsy ) * 531010 fris O - T [ [ S 490 422

C Dosting stiphbae oo Lo A T v idon. ddol oL M2 an

il E CROeR.oeee . crr ciaees maen cpaeerecennat W soetlo f 388 354
] 1

L

1 Cajions Lo gailons. t Ponmds to geiions. t ¥o, 18 {Scep. 32)

A second examinalion of some of the tests was made some days
after the first, and the comparative number of live mites on 10 lenves,
taken at random, was recorded. As shown in Table 23, a much
smaller number of mites was present where the lubricating-oil emul-
sion had been used at a dilution of 0.5 or 8.67 per cent of oil than
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where it had been used at a dilution of 0.25 per cent of oil, and the
tntter treatment had resulted in reducing the wites to about hall the
number present where no treniment was given. It was also (ound
that the mwnber of mites present was very much smaller where Lhe
lubricating-oil emulsion had heen used than where lime-sulplir had
been used. This was due nol only to the larger number of mites
killed by the oil but to its ovieidal valoe.

Tants 28, - comparison of the effectiveness of vil and Lime-sulpliar sprags ageinst
the European rod mife 12 to {7 days after spreyinyg, Valima, Wash,, 1828

: Live Lnlerval
i E:_:ég %i‘:\lﬁs miles on | hetwoeen
Mnterinl usoid U Dlution wer st 1 lqlfav-.a trentivent
! sprayed |nsnning-f Seeond  aud
“lion o Esaling texaming-
:r , tion tian

RSP S U MG SOV

P | '
! Per etnt will Daya

taabaenting-oil crmision b 0.2 F June ™8 ; 30 12
’ L. . e e W0

. 67

Choek . i e
i Lathrlenting-oll emnnlsion L - o
Labrienbing-wil enmlslon i L L

o Bifwiinn

7 . Limesulpbue (52° Baad coneentrate) ., ... p YHoag ]

i
8"k L

N (el engine oY, (Soe p,J30) ? No. 4 {heawn newtml oil). 3 Gallens to gollons.
ORCHARD TESTS

In 1928 an orchurd test of lubricating-oil emulsion and of lime-
sulphur was made on July 12.  Two hundred galtons of each material
wns applied. The tubricating oll was used at a dilution of 8.67 per
cent of oil. Part of it was applied with pilot rods and part with
spray guns, and one tank containing in addition ensein spreader and
lend arsenate was nlso applied. An exumination was made on the
lollewing day, the results of which are presented in Table 24. The
pilot rods used in test L discharged s rather small quantity of spray,
and it was difficult to wet both sides of the leaves with them. The
use of the rods resulted in o mortality of 88.3 per cent of the mites,
and the use ol the spray guns 1n o mortality of 96.2 per cent. Test
3 is included to show what may happen when an emulsion breaks
down.  The water used was hard, containing & considerable quantity
of ealeium bicurbonate. This gradually broke down the soep in the
emulsion und set {vee the oil.  This resction was probably hastened
by the agitation ol the emulsion in the spray tank., In test 3, which
15 simply an examination made on trees sprayed with the same
materinls used tn test 2, but after it had separcated, only 54.6 per
cent ol the mites were killed. The addition of spreader and lead
arsenate to the oil spray (test 4) made no difference in the results
obtained. Lime-sulphur at a dilution of 1 to 100 killed 68.1 per cent
of the mites, and at a dilution of 1 to 50 it killed 93.1 per cent.




BEXPREEIMENTS FOR THE CONTPOL OF FRUIT-TREE MITES 21

TApLE 24.—Orchard tests of sprays against the Buropean red mile, Yakime, Wash.,
1923

UT'res sprayed Joly 12; 10 Jeaves (250 Lo 800 milte) examined for cach Lest July 13 to 17}

Mites deml
Equip-
ment

Jlaterind used Dilution
July 1} | July 17

Percentoil
Latbricatlng-oll {red engine}t einulsion (sonp emnlsifier)?, et | ' llo t
rols.
BTy Bpray
LS.,
luterind used in test 1 (emuision separnted) I T D,
Lubrleuting-oll {red enpine}t cunusion (sonp emulsitlen)d, T PO [
enseln sprender,? plus lend arsesute,t 1 pound to &0
pullons.

Per cond | Per cemt.
B8.3

Gallons
Line-sulplnr {322 lnned coneentraddd .. 1to 100

R 71 T .
CIerkS i iaavae o ammman e

1o, 20 (Sea o, 30)

1Xu, 4, X

¥ Comunterelnl spregder containing 2010 25 per bt Sasein.
s Commereinl dry lend arsenate.

b Uheek csmninet] July 0.

Panny 25.-—~Orchard tests of sprays against the summer eggs of the Europoan red
mite, Yakima, Wash., 1928

['T'rees sproyed July 12; 10enves (800 lo 1,000 oppes} oxamined for ench test Yuly 17]

Binterinl nsed Dilution

Percentoil
1| Lederleting-nil fred engined! emulsion {sonp crmulsifier) 0.47
2 | Cubeicoting-oll {red enpgingdt enuidsion Soug emulsier), pios enleium-ziseln-
kg spreader # uigd lald arsenste, 1 ponmd o 50 gillons

. ——— TSP PP R

N0, 2.0 (Bee 300
1 Cmnmercinl speedcder conbaining 20 to 23 per cent euseln,
3 Commereinl ey ool nrsetate.

An examinationt of the eggs was made in two of the foregoing
tests five days after spraying. As shown in Table 25, the lubm-
cating-oil emulsion killed 76.6 per cent of the eggs, and the same
muterial, with the addition of casein spreader and lead arsenate,
killed 81.1 per cent of the eggs. These figures are only approxi-
mate, as there were many hatched eggs on the leaves when the
spray was applied, end these interfered with obtaining accurate
results.

In 1924 o more comprehensive series of orchard tests was planned.
The life-history studies in 1923 had shown that there was an interval
of about 10 days between the hatching of the winter eggs and the
deposition of the first summer eggs. The winter eggs were all hatched
when the trees were in the pink, and the first summer eggs were de-
posited when the trees were in the proper condition for calyx apray-
in%'. It seemed possible, thercfore, to use summer-strength lime-
sulphur in the pink spray or in the calyx spray and obtain very nearly
ns good results as with oil, since the laboratory and orchard teste had
shown that a high mortality of the mites resulted from the application
oflime-sulphur.  Theinability of the lime-sulphur tokill the eggs would
be of no consequence since very few eggs would be present. The results
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of these tests are given in Table 26. In test 1 lime-sulphur at 1 to 50
was applied April 16, and in test 2 the same material was applied April
19. The hatching of the winter eggs was not complete until the 19th
or 20th, and the i’atter application was thus more effective than the
former. The first epplication seemed to have very little effest on the
mites hatehing after it was applied, for an examination made on May
2 showed & reduction in test 2 of 72.7 per cent in the number of mites
present, us compared with the number in the check, and a reduction
of only 41.5 per gent in test 1.

Part of plot 2 was sprayed again on May 7 with lime-sulphur, this
being added to the regular calyx spray (test 2a), and plot 3 was also
sprayed at that time (test 3). An examination of plot 2 on June 3
showed a reduction in test 2a of 96.6 per cent in the number of mites
presect, as compared with the number in the check, and a reduction
m test 2 of 78 per cent. Plot 3 was not examined at this time, as it
had been sprayed on June 2 with lubricating-oil emulsion. Plot 1
was sprayed with oil emulsion by the owner of the orchard on May 5
and again on June 4. On June 24, plot 1 (test 1a) showed a reduction
in the number of mites of 72.3 per cent, whereas plot 3 (test 3), in
which the oil ind been more carefully applied, showed a reduction of
92 .4 per cent.

It 1s thus apperent that lime-sulphur, applied for the control of
apple powdery mildew in the pink or calyx spray, will also be very
efiective in controlling the Buropean red mite. Two applications
should be made, as it may be necessary to make the first one before all
of the winter eggs hauve hatched. An application of lime-sulphur
with the calyx spray, followed in three or four weeks by an application
of lubricating-oil emulsion is also very effective. It is safer, however,
to apply a pink spray of lime-sulphur if this material is to be used
in the calyx spray, for some varieties of apples are likely to be injured
by & calyx spray of lime-sulphur if it hes not been used in the pink.

Tanre 26.—Orchard tesis of summer sprays of lime-sulphur and odl againsl the
EBuropean red mite, Yakima, Wash., 1924

Dute trees were— Reduc-
tion com- » )10 o
Ex. witn ro. | 5 check

leaves
: duetlion
amined in cheek

Material used Dilativn
Sprayed

Gallony to
gailana FPer cend
Lime-siniphur {249 Baumé coneen- | 1t0 50.._.; April 16 4L.5
trute.) {pink)
Limesnlphor (25° Boumé coneen- ..o Apr. 16
Lrate).

May 5.
June 4

Gallani io
Li Iphur (28° B L] aations A it
Amesniphur SUmMY Conren- Ape.
tmte.) prioso. AP 8 {
Lime-zulphur (282 Bopmi concen- | ..do_____ Apr, 19
trnto. (pink)
Lime-salpbmr. o] da.___.. 7 | Juna

Lime-sulphor (28° Buumé conren- .. .do.____.| & -
iote.)

Perczntoil
Cusein-oil emulsion? [N E, June 24

! Che numbers ary also the numburs of the plots, 1 Mo, 5. (Seap. 30.)
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The percentage of mites killed by various applications of sprays
with a power sprayer wns also asgertained in 1924, the figures being
givon in Table 27, Lime-sulphur at a dilution of 1 to 50 killed prac-
ticnlly the same number of mites as a lubricating-oil emulsion con-
tatning 0.5 per cent of oil (tests 1 and 2). The addition of easein
spreacier and of casein spreader «nd lead arsenate to the lntter spray
roduced its effcotivenecss slightly in tests 8, 4, and §, made June 25.
Three wecks niter these materials had been used (July 14) there were
only about ene-fourth as maeny mites present as in unsprayed trees.
A sccond scries of tests, July 30, resulted in slightly better results
fromn the oil emulsion diluted to 0.67 per cent of oil than from that
diluted to 0.5 per cent of oil. Noticeably better control was obtained
whaon spray cuns woro used (tests 8 and Sa) than when rods were
usod (tests 10 and 10x). The addition of cascinnte spreader with
these two methods of applying the spray gave better control in one
enso (test 11) and poorer in the other (test 9). An examination made
nine days after spraying showed very listle difference between the
trees sprayed with spray guns and those sprayed with rods (tests 8
and 10), there being only one-seventh as many mites in either case as
in unsprayed teees.

Tanwe 27 —Qrchard tests of sprays against the European red mite, Yakima,
Wash., 1924

{fn tests 1 10 6, 10 denves {300 o 2,808 mites) wore cxaminet!; iz lests 7 to 12, 20 leaves (3,500 Lo 4,500 mites)
ware exninined]
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SPRAY INJURY

The hibricating-oil emulsion applied as & dormant spray has not
caused any injury when it was thoroughly emulsified and applied
before the buds had separated. (Tig. 1.) Tf applied later than this,
it will sometimes severely burn the foliage and the fruit buds and
consoquently reduce the erop.

e

S
TP .
P LI 13

i

\

.
o
1

i

Fra. 1L.—apple nnd gur twigs, Bormant oll sprays muy be safely npplled If buds are no further open
thon these ¢a these twigs

In the case of most of the summer sprays tested, an examination
was made a week or 10 days after spraying. A record wes made of
eny injury caused to apple trees and this record is presented in Table
28. No mjury of any consequence resulted from the use of lubricat-
ing-oil emulsions containing 0.67 per cent of oil or less. The injury
increased as the quantity of oil was increased, the 2 per cent emulsion
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causing about 10 per cent of the leaves to turn yellow and drop off.
These were the oldest leaves, however. Some preliminary experi-
ments made in September, 1922, in which similar sprays were used,
resulted in & rather heavy dropping of the foliage, an indication that
g3 the leaves grow older they are more suscep tible to the oil. Miscible
oils seemed to cruse wmore jiry than the emulsions.

TapLg 28.—Record of injury ceused by swnmer sprays used egairst the European
red mile, Yakima, Wash., 1923 end 1985
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.
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N0 8

+No. § (hrown neutral oli),
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Tanue 28.—Record of injury raused by summer sprays used against the European
red wite, Yakima, Wash., 1928 and 1925—Continued

DMateris! used Diluticn

Luhrimting-o!] emulsion (kaolin emulsi-
Ny & 1 No injury.
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There were no appreciable signs that any of the sulphur sprays
except the lime-sulphur spray and the seluble-sulphur spray, injured
the foliage or fruit. The hme-sulphur spray usually caused some
leaf bummgrand an oceasional burned spot on an apple exposed to the
lﬁot. sun. (Fig. 2.) The soluble-suiphur spray produced scvere leaf

urping.

The addition of weal: lime-sulphur to the suramer oil spray severely
burnec. *he leaves in test 8, Table 16, The nicotine-and-soap sprays
did no harm whatever.

Fra. 2—Applo showing lajury thnt often ceeurs ns A result of applications of lime-sulphur in hot
waeather

-Examination of many trees sprayed with power sprayers has
ghown that the danger of injury from the use of the weak lubricating-
0il emulsions is very slight when the emulsions are properly made.
Early in the season, when the fruit and foliage are tender, there will
sometimes be a little injury. The leaves may be spotted somewhat,
and some of the fruit may drop. If a dormant-strength lime-sulphur
spray has been applied to the trees after the fruit buds have sepa-
rated, as is very often done, some dropping of fruit buds may follow,
pnd at times this dropping may be greatly increased if the summer
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¥, 3—~aApple with sSunken brown spots resulting from an applieatién of summer 6il spray
containlng freo oil .
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oil sprays ave applied early. Very little or no dropping occurs where
sumumer oil spreys are used following dormant applications of oil.
As a rule, also, oil sprays applied at the time of the cover sprays for
the codling moth have produced little or no injury. FPears, prunes,
and cherries sprayed at that time are unharmed. Peach foliage will
be spotted at any time, and summer oil sprays should not be used on

each trees, particu-
arly il made of oils
of the red-engiuo or
brown-neutral types.

It is imperstive fo
use only thoroughly
emulsifiod oils,
whether they are
homemsade or com-
mercially prepared,
on account of the
danger from free oil
in the spray; for a
small quantity of free
oil in the spray tank
will burn the fruit
and foliage wherever
it hits, particularty if
theoiis ordinarily cm-
ployed for dorment
sprays are used. ——— - _ .
Fruit so sprayed will 5 : S i

so.metlmes be m tied Fus. 5.—Prunes sprayed in August with a summer off spray. The
“"It.h sunl{en brown spruy fus removeéd tho bloom In spots ped caused uneven

coloring
spots (fig. 3), al-
thougt{l these spots moy disappesr by the time the fruit is har-
veshad.

On prunes, the burned spots are likely to result in russetted areas
as the fruit grows. {(Fig. 4). An oil spray applied to prunes after
they have begun to color will remove the bloom m spots and result in
uneven colorinz. (Fig. 5). This is of no consequence if the fruit is
to be dried, but it may affect the market value of fresh fruit.

COMPOSITION OF SPRAY MATERIALS

Almost all of the sprry materials whose composition was not
already known were analyzed by the Bureau of Chemistry. The
formulas used, or the compositions or properties of the various spreys
and materials arc given below.

QiLs

No. 1—Brown neutral oil:
Volatility (four hours at 110° G uans 2.7 per cent
Viscosity (Saybolt at 100° F.) o eeo- 1186 seconds.
Tlash point (Pensky-Martin closed cup) ° C.
Fire point (Pensky-Martin open cup)
Specific gravity at 20° C (.922
Roeaction to litmus Neutral.
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. 2—Red engine oil:

Volutility 0.43 per cent.
Viscosity .o . 230 seconds.
Flash point 162° C,
Fire point. .. _________ e cmmmmmemeo 1958° C,
Specific gruvity 0.921
Reanclion,_ ... ________________ e memmmm— e Neutral,

No. 3.—Crystal oil:
Volatilily (.84 per cent.
Viscogity 122 geconds.
Flash point
Fire point .
Specific gravity 0.871
Reaction Neutral,
Unsulphonated restdue {on Se e _______ 95.2 per cent.

OIL EMULSIONS AND MISCIBLE OILS

No. d~—Lubrieating-ail emulsion {soup cmulsifier). Made aceording to the
Government forinuin s

2 gallons.
Cremmm i demmememmmm i m i maceeamam——o—- 1 gallon.
Polash fish-oil soup 2 pounds.

These malerials are heated until the soap is disselved and the mixture comes
to a boil.  The mixture is then itmmediately pumped twiece with a bucket pump
or octher pump, using about 60 pounds pressure.

No¢. 5. ~—Lubrieating-oil emulsion (casein emulsifier). Made according to the
Missouri cxperiment station fortnuia?

2 gallons,
( 1 galion.
Casin spreader_ . _______ . e emmm—— e, 4 opunces.

The spreader is thoroughly mixed with the water, the oil is added, the mixture
gtirred, and then pumped three times with a bucket pump or other pump, the
materials being foreed through n spray nozzle at from 150 to 200 pounds pressure.

N 6.—Lubrieating-oil emulsion (kaolin emuisifier). Made according to a
formula developed by W, W. Yothers?

1 gallon,
224 pounds.

Add the kaolin to the water and let it come into suspension without stirring.
Add the oil and pump twice with a bueket pump or other pump through a noz-
zle at about 100 pounds pressure.

No. 7—Commereinl lubricating-oil emulsion. {Analysis made by Bureau of
Chemistry.) This was sold in the form of a miscibile oil

{The oil was very similar to the brown neutral oil in No_ 1.)

No. 8—Commercial distillate-oil emuuision.  This was in the form of o miscible
oil. No analysis was madie, but according to the label it contained water, soap,
cresel, and 83 per cent of disfillate oil

Y ACKERMAN, A, J. PRELIMINARY MEPORT ON CONTROL OF SAN JOSE SCALE WITR LURRICATING-OIL
EveLsioN. U, S Dept. Agr. Clre. 263, 18 p.. (Hus. 1923,
¢ Brerorsns, A. M. A NEW METHOD OF MAHING ENGINE-QIL EMULAIONS,  Missour( Agr. Expt. Sta.
Bul, 205, 8 p., Ulus, 192,
Yoruery, W, W, COLD IFROCESS OIL EMULsiONS, Jour. Econ. Ent, 18:545-540. 1925,
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No. .—Miscible oil A.

Waler
Dersonp - oo v i ameeao e e e s

Cresol _ .. ...
Qi oo

{The oil used was the red engine ofl of No. 2.)
No. 10.— Miseible ofl B.

(The oil used was the brown neutral oif of No. 1)

In wsking miscihle oil, the ingredients must be accurately measured, The
song used is 1 polash fish-oil sonp, such as described in Ne. 15, The quantity of
water in il must first be determined and enough added to make up the quantity
eailed for above. e cresol (cresyvlic necid, 97-99 per cent, pale} is then added
and these ingredients are stirred, with gentle heab i necessary, until they are
thoroughly mixed and uniformly elear. The oil is then added and thoroughly
stirred. The resulting miseibie oil should be as clear as the pure oil, and no
seditment should separmie oul other than the few impurities in the soap, nor
should any free oil collect nt the top. A naphthene base oif must be nsed with
this fornmils.

No. 11.—Conumnercin! spray oil,  (Analysis made by Buresu of Chemistry.)

Per cent
Mineral il . .. 79,
Avid maberinl, L Lo e e e mmmmm e mem——— 135
Sodium oxide 1L
Waber. ... ..o ane. 1

(In effect, this is n miseible ©il.)

No. 12.—Commercial tubricating-oil emulsion. {Analysis made by Bureau of
Chemistey.)  This was sold in the foriu of an emulsion.

Waler

Oi}

AMMONIR . . e aa .
Emulsitier, ete

{The oil used in making this emulsion is very simdilar to the crystal oil in

O &y 1 =T

T

No. 13.-—Laubrienting oil-fatty-acid emulsion.
O e e e mm e === 2 polloRs.
Fatty acitd (see formula} 234 pounds.
Cuustic potash {commercial) 9 ounces.
Herosene . oo e e e 214 pints.
Water 2  gallona.

{This etnuision was made in a similar manner to that in No. 14.),

MISCELLANEQUS SPRAYS

No. 14.—Fatty-acid emulsion. The fatty acid used is 8 commercinl mixture
contsining crude lsuric acid, and is known as double distilled cocornut fathy
acid. It emuilsifving it, the following formula, suggested by Siegler and Pop-
enoef was emplo yed.

Fatty acid

Gasoling

Water

Glue {granular) . o e immmemm e emmmmn 100 gin.

The fatty acid is first melted, and after it has been removed from the fire the
gascline is added and the mixture stirred until it is homogeneous. The glue i3 .
then dissolved In the water, with heat, poured into the other mixture, stirred,
and while still hot, pumped twiee at ordinary pressure through & spray pump.

§ SrgqLel, B. H., and Popexas, O, 11, SOME [NSECTICIDAL PHROFERTIES OF THE FATIY-ACID SERIES.
Finr, ANT. Resenrch (VM) 26 5 230-26). 1035,
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No. 15.—Fish-oil seap. The soap used was a potash fish-oil soap analyzed as
follows: Per cent
Water
Fatty anhydrides
Alkali (K,0)

No. 16.—WNicotine and casein selution, This was prepared by adding a free
nicotine prepuaration containing 40 per cent nicotine to casein at the rate of 25¢c.¢c.
tolgtn.  Asmall quantity of water wus also sdded wien mixing, and the material
was then dilnted ns desired. ‘

1?.‘0. 17 —Commercial nicotine-creosote prepacation. This material was Inbeled
as follows:

Active ingredients: Per cent

Nijcotine sulphate___________________ 45. 0

Cyanide of sodium 12, 38

_________________________________ 22, 28

20. 34
No. 18~—~Colloiclal sulpbur, This was prepared aceording to the farmula
nsed by Fisher? in experimental wotrk in controlling the apple powdery miidew.
This is as follows: " Dissolve one-half pound of cheap glue in hot water and add
te 50 gallons of waler in the spray tank. With the agitator running, add 1.4
gallons of conunercinl lime-sulphur solution; then acdd commercial sulphuric acid
until the vellow color is almost but not entirely replaced by white. It usually
requires about 0.9 pint of suiphurie neid for 114 gallans.of lime-sulphur solution.”
?Io. 19.—Dusting sulphur. This wus o comimercitlly prepared material labeled

ug follows;

Active ingredients, sulphur, not less than
Inert ingredients, not more than

No. 20.—Sulphur and nicotine dust.—This was a commercially prepared
materinl labeled as follows:

Active ingredients:
Sulphur, not less than
Nivotine, not less than
Inert ingredients, including hydrated lime,

No. 21.—Nicatine dust. This was a cominercially prepared material laheled
as follows:

Active ingredients, nicotine, not less than
Inert ingredients, not more than

SUMMARY AND CONCLUSIONS

The serious damage caused by fruit-tree mites, particularly ths
European red mite (Pamtetmn?{chus piosus C. & K.}, in the Pacific

Northwest and elsewhere has
countrol.

Tests of dormant sprays have shown that Lime-sulphur is of little
value in the contro| of the winter eges of the European red mite or
of the brown mite (Bryobia praetiose Koch). Lubricating-oil emul-
sions and miscible oils at dilutions of 2, 3, and 4 'per cent of oil pre-
vented more than 85 per cent of the eggs from hatching in most
ceses. Orchard tests indicated that a spray containing 3 per cent
of oil was more eflicacious than a 2 per cent spray. Infestations of
mites were noticeably less on oil-sprayed trees than on those sprayed
with lime-sulphur.

Summer sprays or dusts of sulphur gave very unsatisfactory con-
trol of the Buropean red mite, but sulphur dust controlled the

ed to a study of methods for their

' Frangr, D. F.  APPLE FOWDERY MILDEW AND IT$ CGNTROL [N TILE ARID REGIONS OF THE PACIFIG NORTE-
wEaT. U, 8, Dept, Apr. Bul. T12, 28 po, dilus,  1miw,
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two-spotted mite (Tetranychus bimaculatus Harvey) very well in a
single test.

‘Summer-strength lime-sulphur killed most of the mites but very
few eggs. When rpplied at the time of the pink and calyx sprays
very good control resulted, since practically no egps are present on
the trees ut that time. The effect of later applications was not
nearly so lasting as that of oil sprays.

Lubricating-oil sprays, made from brown neutral, red engine, or
crystel oils and used at dilutions contsining 0.5 or 0.867 per cent of
oil, have given very good results against the mites. These sprays
have killed practically 100 per cent of the mites and most of the
summer eggs. ‘They are thus superior to lime-sulphur.

Of the miscellaneous sprays tested, the only one that was of any
promise was the potash fish-oil soap. Used at the rate of 2 pounds
to 50 gallons, this Lilled 90 to 99 per cent of the mites, but not very
many oggs. It would perhaps be of use in spraying tender foliage
that would be injured by oil sprays.

Nicotine sulphate killed less than 50 per cent of the mites, for
the most part, except when used in combination with the potash
fish-oil soap, when the control was excellent.

No injury of any consequence resulted from the use of dormant
lime-sutphur or from dormant oil sprays, i used before the fruib
buds separated.

Sulphur sprays or dusts used on the foliage did no particular
harm. Summer-strength lime-sulphur burned the leaves slightly and
sometimes burned {ruits exposed to the sun.

Lubricating-oil sprays, used at strengths of 0.5 or 0.67 per cent

of oil on the trees in foliage, caused no injury of any consequence o
apple, pear, prune, or cherry, il the oils were thoroughly emulsified.
Pench foliage was invariably spotted by oll sprays. Free oil spotted
the fruit and folinge of any variety. Kmulsions made of the crystal
oil appeared to be sufer b use than those made of brown neutral or
red engine oils.

KEY TO THE TABLES OF SPRAY MATERIALS USED IN THIS BULLETIN

Reference Table No.

Caseln spremder (ealchn coseinate) 12, 13, 14, 15, 15, 20, 21, 24, 25,27, 28
Copper suiphate oo .oannn Caem 21,28
{resat 4,510,143
Fatty ncld . _ ————- 15
Lhme-sulphir. .- - 1,2,3,1,50,7, 8,9, 8, 10, 22,23, 24, 26, 27, 78
Lubrleating-ofl emmlsion (caseln vinulsifter}. .. 2.3, 0,89 13, 14, 15, 16,25, 27,28
Lubrizating-oll emnjsion (knolin emeiisifier) .- - 14, 2
Lubricating-oll enwision (soap cmalsifier) 1,2,4,57,8,% 10,11, 12,13, 14,22, 23, 24,25, 28
Lubrientiog-ofl cunzston nnd ihine-suiphur. - _ 3,15, é?’zs
26,80, 13, 14,
Nleotine cnseinate.. -
Nicotina rdust. ...
Nivotine sulphnte........
Nicotine ami suiphur dust
04, brown seutral

O, erystal__ ...

©il, tlistllinte.

Ofl, kerosene_...

Ofl, redl englie. .o

Soap, potash Ash-oll__
Sitiphuer, colloidal -
Sulpiur, (lesting.

Sulphir, fhaur...

Bulphur, fjowers

Sulphur and nicotine dust. .
Sulphur, seluble. . oo ...
Sulphur, wettnhle. .
Washlng sods




ORGANIZATION OF THE
UNITED STATES DEPARTMENT OF AGRICULTURE

November 8, 1927

Secretary of Agriceliyre . ______________ W, M. Janrprye.
Assistant Secrelary R. W, Duxvar.
Director of Seientific Work____.______.______ A. I Woous.
Director of Regululory Work WaLTes G, CAMPBELL.
Director of Extension.. C. W. Wanporrox.
Dircctor of Personnel and Business Adminis-

tration W. W. 5ToCcxBERGER.
Director of Information NELsoN ANTRiM CrawFoRD.
Solicitor R.W. WinLiaums.

Cuanues F. Manvix, Chief,
Burcau of Animal Imdustry Jonx R. MouLsn, Ohief.
Burean of Dairy Industry C. W. Lassox, Chief.
Bureau of Planl I'ndusiry . Winnias A. Tavion, Chief.
Farest Service W. B. GrEELEY, Chief._
Bureau of Chemistry and Seils H. G. KnicuT, Qhief,
Bureau of Enlomology C. L. Manuarr, Chief.
Bureau of Bielogical Survey Paur G. Repixerox, Chief.
Bureau of Public Roads Tuomas H. MacDoxarp, Chief.
Burcau of Agriculiural Economics Luovp 8, Texxy, Chief.
Bureaw of Home Eeonomies. .. ______ R Lourse Sranuey, Chief.
Federal Horticultural Board _..___.___.. ___ C. L. Marcarr, Chairman.,
Grain Futures Administralion J. W. T. Duvew, Chief.
Food, Drug, and Insecticide Administration_. WaLren . Caxpeent, Director of
Regulatory Work, in Charge.

Office of Experiment Stations E. W. ALLEN, Chief.
Office of Cooperative Extension Work C. B. Saurrst, Chief.
Library Crarieer R. Barxgrr, Librarion.

This bulietin is a contribution from

Bureau of Entomolagy C. L. Magvart, Chief,
Division of Deciduous Fruif Insects____ A. L. Quaixta ~cE, in Charge.

34

ADDITIONAL COPIES
OF THIS PUBLICATION MAY IE PROCURED FROM
TBE SUPERINTENDENT OF BOCUMENTS
U.B.GOVEANMENT FRINTING OFFICE
WASHINGTON, P (.
AT
1} CENTS PER COPY

v







