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Insecticidal Efficiency of Some Oils of
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INTRODUCTION

Oils may be classified in three roups according to origin—plant,
animal, and mineral. Oils of the %ast type, especislly petroleum oils,
have found wide utility in insect control, and most ofp the American
Jnvestigational work has been done with this class. Although the
%;:roleum oils have been used successfully against g variety of

isects on a large number of host plants, the dosages necessary to
obtain commereial control have sometimes produced mmjurious effects
op the lEﬂant.sj. Attempts to widen the range of usefulness of oil

rays by adding toxicants to the oil have encountered difficulties
%e to the low solubility of many organic cempounds in refined
mEtroleum oils. This experience has emphasized the need as a
toxicant carrier of an oil that will be a betier solvent than the refined
petroleum oily commonly used for foliage sprays. Snch s require-
ment is met By many vegetable oils, some of which are known to
possess insecticidal properties, and which might be of value when
used alone or in combination with added toxicants,

Snapp and Thomson (72)° showed that erude cottonseed oil was
an effective carrier for paradichlorobenzene in the control of borers
(Oonopia pictipes (G. and R.)} in peach trees. Staniland {(13)
reported that rapeseed oil was a satisfactory insecticide and caused
less damage to plants than mineral oil, whereas linseed oil was less
efficient. Austin, Jary, and Martin () found that crude cottonseed
oil and crude mustard oil were only slightly inferior to petroleum

! These experiments were conducted at Waoster, Ohlo, where laboratory and greenbouse
facilities were furnished by the Ohlo Agriculéural Experiment Station,

= Reglened Getober 32, 1929,

? Italle numbers in perentheses refer to Literctyre Cited, p. 15.

32340142




v

2 TECHNICAL BULLETIK 821, U. €. DEPT. OF AGRICULTURE

oil in killing egas of the common green capsid bug Lygus pabulinus
{L.), but were ineffective ngainst cggs of the apple grain aphid
{Rhopalosiphum prunifolice (Fitch)). Balachowsky {(¢) found
that peanut oil and rapeseed oil, used as 2-percent emulsions. were
equal or superior to lubricating oil against the scale insects
Aspidiotus ostreaeformis Curt. and Diaspis leperit Sign. In tests on
the hop powdery mildew (Sphacrotheca humauli (DC.) Burr},
Martin and Salmon {77} found that various vegetable and animal
oils were capable of fungicidal action and that this property was
associated with the glyceride structure ot the oil.

In all the work mentioned the materials were evahiated on the
basis of oil concentration in the applied spray rather thun of the
amount of oil deposited. Oil deposits, however, are not alwuays com-
pletely controllect by the concentration of the diluted spray. The
development by Dawsey and Hiley (8) of methods for measuring
deposits of vegetables oils hus made it possible to compare the
efficiency of various nonvolatile fatty oils with that of a refined
petroteum oil by determining the deposits on the plants. In some
of the experiments reported lio-ein equivalent deposits were not ob-
tained, but knowledge of the oil deposits on the plants permitted
an estimate of the relative efficiency of the cils being examined.

MATERIALS '

Eight oils of plant origin and ene petroleum oil, ux a standard
of comparison, were used In the sprays described in this report. The
namas and characteristics of all but one of these oils are shown in
tuble 1. For coconut oil, a nondrving oil, constants were not
determined, but according to Holde {70, p. #%4; this oil has an
iodine number in the range 8.6 to 0.4

TABLE 1.—Conzfunts of oils used in tests for inscclicidul officiency

. , o angiai | Eenss dagd . Supari- i
Sarhelt | im}ex of, :'ghd" E woroie © ﬁ;eu- Indine ' Tpecific
WKind of oil viseostty ¢ pefraes ¢ flen- B Spa o Avkt Sion valgn | RIAVHY
ar oouwnar oMo Gagpenne VNS g (Hanusy !
1 . pwint ! “106° P " er 120%15° C,
Noadryiag: Sreondx L0 Pereend : i
Pepnul 06 . ny 2z 1490) [ N R T K]
Patrogheus & 105 . =2 b5 [ 1} at L B50y
Semidrying:
Refined corn. . 261 5 ] Ll UH my LYa0R
Crude cotn . . 1y . -1t R I tul 22 r. 4
Relned cottonzepd . Ith ] R £ 1% 1i1) L 905
Crizde coltonseed 0 2 EN] 19 liry .BX
Yolatile: -
Ping. . ... . 50 148 < -0 1xX)L O .1 N o GT
L5 5 155 . Bif2

Crangr .. e eaen an 14708 - 50 5.3

t Determioed nccording v Holde {0, pp. 36-57).
2 Telermined according to Dawsey {F).
2 {"nsutlonatable resitdue $§ pereent.

Emulsions were prepared with grownd bone glue by means of a
high-speed drink mixer as deseribed in a previous publication {(7}.
The earlier laboratory applications were made with the sprayer de-
seribed in the swme paper, but applications in December 1936 and in
1987 were made with u larger, though similar, apparatus operated at
a pressure of 30 instend of 40 pounris per square inch.
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The test insects were the Mexican mealybug ( Phenacoccus GOS8y pit
Towns. and CklL), the o‘}fstershell scale {Lepidosaphes ulmg (L.S)’
the willow scurfy scale (Chionaspis salicis-nigrae (Walsh}), and the

frait tree leaf rotler (Cacoecia urgyrospila (Walk.)).

TESTS WITH MEXICAN MEALYBUGS
’ Dosace-Morrariry TEsTs

The Mexican mealybugs, which were the principal test insects, were
reared on potted chrysanthemum plants in the greenhouse.  About
1 week before the spraying tests other chrysanthemum plants, selected
for uniformity of age and condition, were cut baek to a height of ap-
proximately 12 inches and then infested with mealybugs by placing
on them leaves und portions of the stems of the infested stock plants,
As the intrgduced leaves and stems dried, the menlybugs moved to
the new plants, most of them going to the stem or under surface of
the leaves. Bugs on the stem were 1emoved before the spraying,
and mortality counts were limited to men Iybugs 1 to 2 mm. long on
the under surtace of the leaves. The ingects counted appeared to be
largely in the third and early fourth stars, with no first instars or
reproducing females.

The methods of spraying were previously described (7). Dosage-
mortality tests were made for petrolenm oil, peanut oil, crude corn
oil. and crude cottonseed oil. deposits on the leaves being taken as
the measure of dosage. The original plan was to apply each oil at
four concentrations, two to be included in each day’s tests, and to
apply each concentvation twice during the course of the experiments.
The two concentrations of each oil for the first applications, on
December 22, were selected at random. and the remaining concentra-
tions were applied on Junuary 26. ‘Two concentrations of the sprays
were repeated on February 16. the concentrations being selected at
random again.  The tank of 1 percent petroleum oil applied on this
date was not agitated and the results were not used, but results from
a test with 2 percent of this il applied Mareh 10 have been included.
In the applications of March 28 some ¢ha nges were made in the selec-
tion o1 concentrations. us may be seen in table 2, m order {0 get a
better distribntion of deposits, Bxeept on March 10. when six plants
were sprayed. two infested and two uninfested plants were treated
with each application. the uninfested plants being used for measure-
ments of oil deposits. The treated plants were kept in the labovatory
on 10-inch tin cale pans. which were banded with sticky tree-banding
material to catch the inseets that dropped or erawled from the plants.
This material had considerable repellent action and few insects were
found thereon. but those that did get on were scoved ax SUrvivors of
the spray treatment.

Morctality counts wi o begun on the fifth day and finished not Yafer
than the seventh duy after spraving. Tn most cnsex 100 menlybuges
were counted from leaves selocted from differont portions of {he
plant.  When less than 100 inseets in the desired stage were present,
alt the Insects were counted. Since movtality on unsprayed plants
was always less than @ percent. nutural mortality was disvegarded in
estimating the percentage kitled by the sprays.
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Tanie 2. —Dosage-mortality dale. following applications of oil emulsions fo
Mezican mealybugs

PETROLEUM OIL
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Oil deposits were determined according to the method described
by Dawsey and Hiley (§). Subsequent work has shown that part
o¥ the petroleum oil was volatilized during the drying process used
in this method. Accordingly, the loss from volatilization of known
quantities of oil was determined and the proper correction applied
to the residues originally recovered. The size of the correction
ranged from 23 percent when the deposit was 78 pml. per square cen-
timeter to 4 percent when the deposit was 601 aml. per square
centimeter.

The dats. are give in table 2.
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Fievee 1.—Dosage-moriality curves for peanuf, crude cottonseed, crude corn,
and petroleum oils in tests with Mexican mealybugs.
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Fiaurs 2—Curves of Bguve 1 shown in one graph to illustrate relative positions.

The analysis of these results follows the methods developed by
Bliss (3, 4). The percentages of insects killed were converted to
probits, which were plotted against the logarithms of the oil deposits.
The curves are shown in figures 1 and 2, and their important constants
in table 3.
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TaBLE T—Constants describing dosage-mortality curves shown in fioure I

Mean
mortal-

Mean log-
arithm
of ¢il

Regres-
sian poel-
flcient

daposit

+

Petvolowm . ceue ...

| ;
Ve ll WV ‘I x!
P

0.0185 | 0..154

L 3G L0585
MG L
. 9572 ¢

0347 |
oo [ a7

Lt ol
5 B0 1g Ld b
oﬁgdm

209

In every case the value of x* was greater than would be expected

for homogeneous data. Bliss (4) has pointed out, however, that in
" experiments extending over a period of time in an uncontrolled en-

vironment agreement with x* cannot be expected. Such & condition
does not vitiate the results but reduces their precision. There was
no significant difference in the position of the lines, nor was the
difference in slope significant when any two oils were compared.
The curves for the vegetable oils all hiad steeper slopes than the
curve for petrolenm oil, intersecting the latter below the 50-percent
mortality peint (5 probits). If a composite curve for all the vege-
table oils, the constants of which are shown in the last line of tabie 3,
is compared with that for the petroleum oil, it is found that the dif-
ference is significant. The data show that the vegetable oils were
at least as effective as the petroleum oil in the regions of higher
kill, and possibly more so.

There was considerable variation in the deposits obtained with
the same concentration of the same oil, especially peanut and crude
cottonseed oils (table 2). The deposits of crnde corn oil were uni-
formly higher than those from the same concentrations of the other
oils, with the exception of the 2-percent application of peanut oil
on March 23. Comparison of the deposit-concentration curves (omit-
ting the last two pesnut-oil applications) indicated that corn-oil
deposits were about 80 percent higher than the others at 2-percent
concentration, and over 60 percent higher at 5-percent. No large
differences between peamut oil, crude cottonseed oil, and petroleum
oil were found. If comparisons of control had been made on the
basis of oil concentration applied, 1 marked superiority of the crude
corn oil would have been indicated, which would be erronecus. In
other experimenis crude corn oil at 2.5 and 3 percent has given more
than twice the deposit given by petroleum oil. Whether similar
deposit-concentration relations will hold with otlier emulsifiers has
not been determined.

; OTHER TESTS

Less extensive tests on mealybugs were made with refined corn,
refined cottonseed, orange, pine, and coconut oils. Because of the
high melfing point of coconut oil, it was combined in the proportion
of 30 parts to 70 parts of petroleum oil. The mealybugs were reared
and sprayed in the sume manner as in the dosage-mortality tests,
except that insects on the stems were not removed before treatment.
Deposit-mortality eurves for these cils were not determined, but
deposits of each oil were measured, and with most applications a
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spray of the same concentration of petroleum oil was included for
comparison, :

The nonreproducing insects were divided into three classes ac-
cording to length—less than 0.73, 0.75 to 1.0, and more than
1.50 mm. Reproducing females were disregarded because of their
variable natural mortality. The materials were rated on the basis
of their effect upon the two clasces over 0.75 mm. long on stems
and leaves. Movements of survivors following application invali-
dated any distinetion as to mortality on different parts of the plants.
Since there were large differences in the susceptibility of insects
of different sizes. approximately equal numbers of each size were
counted and the mortalities of both classes were then averaged.
Inasmuch as insects on the stems were included in these counts and
the age distribution differed from that of the previous tests, the
results are not directly comparable. The sume petroleum oil was
used mn both series, however, and all spray materials may be com-
pared with this standard oil. Because of the effect of differences in
environmental conditions and in the average density of infestation
from time to time, comparisons were limited to sprays applied on
the same day. The data are summarized iu tabie 4.

Taree f—3ortality of Merican mealybugs sprayed mith vorions regeluble-off
einlsions® as compured with mortality due to petrolenm 2PrYS

o : . Ol deposit | :
Date boen- D OB eS| rnseets Aversee

- H 'y
spraved Kindd of oil : a“;tfﬂi“:&: ; counted | mortality

_1 | Micromitli- 1
1935 . Pereent | : fiters P Number . Percent
Aug. 13 ] Oranre . . . B 0 25
Oct. 3! Mine .

[ Perrglowm

Rofined cora,

7 X
:htrﬂmd AT

Peanot .
Refined cottanseni
i Potroleum
APpanoe . .

Nov. 3 .

r
10

185G
Aug. 2!

1
|
1
F ! { Petroicun
a
i
i
1}
|

. " 1 N

o« JPrtrolemn e e 3 1,580 !

A Refined corn L L . : i 111
. l!’(-tmioum.__... . C el e b i, 7494

Oct. 1 - . Iefined cotionsed -+ cattonsoed fatly weid: :

- = ] Acid value 2.2 o, ! L9034

Aeld value 1.5 e eeee e [ 1, it |

1987 Potrol : ! 25

5 (Petroleem | e e e e i 15 .

Mar, 19 T iPetraleun 70 prreent 4+ coconul 30 (Rreenk. . . | i 255 ¢

! 5 plants wore spraved in cach application except. those of August 15, when 4 plants were sprayed, and
Mareh 10, when 3 plants were sprayed with sneh oil. )

* Mealybiigs on only 2 plants were connbed. Inspection af others showed that no seales had boen killed
b this spray.

Refined corn oil at 9.5 and 3 percent was less cffective than the
petrolenm oil at the same percentages. At o concentration of 2
percent the difference between refined cottonseed and the petroleum
oil was not significant, but at 3 percent the difference in favor of
the petroleum oil was significant.” Peanut 01l gave ubout the same
kill as the petroleum al £ percent. but was more effective at 3
percent. The addition of free cottonseed fatty acids to the refined
cottonseed oil did not increase its effectiveness. The combination of
coconut and petroleum oils gave significantly smaller oil deposits
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and killed fewer mealybugs than the same concentration of petroleum
ol alone. .

Orange oil, applied at a concentration of 4 percent, killed only
25 percent of the mealybugs sprayed and caused severe damage to
the foliage. Ifs ineffectiveness may be due to rapid volatilization,
as indicated in table 1. Further data on the rate of evaporation
were cbtained by tests in which pavaffin-covered plates were sprayed
with the pure oil. Applications were made with a hand atomizer,
and the spraying was stopped before any drip occurved. The plates
were kept at room temperature and weighings were made at intervals
after spraying. More than 86 percent of the oviginal deposit
evaporated in the first half hour.

Pine oil also was rather volatile. Sprays containing 1 percent of
oil eansed no measurable mortality of mealybugs but severely burned
chrysenthemum plants. However, other laboratory experiments con-
firmed the findings of Headlee (§) that pine oii is effective agninst
hibernating codling moth larvae. Pine-oil and orange-oil deposits
on foliage could not be measured, because the rapid rates of evapora-
tion prevented application of the chemical methods.

TESTS WITH THE WILLOW SCURFY SCALE

Willow twigs bearing overwintered eggs of the willow seurfy scale
were collected in the field in J ancary and March 1936 and placed
in cold storage. The following summer they were cut into sections
about 20 inches long and rooted in pots of moist sand, five or six
twigs to a pot. The twigs were given nutrient solutions at intervals
until the nymphs hatching from the overwintered eggs reached ma-
turity. On September 16 some of the twigs were placed on a twrn-
table and sprayed for 1 minute with 3-percent emulsions of petroleum,
refined corn oil, and erude corn oil, and then placed in a greenhouse
until mortality counts were made 2 to 3 weeks later. Unsprayed
twigs were used for estimation of natural mortality.

Since removal of leaves for oil-deposit analysis might have im-
paired the condition of the infested twigs, freshly cut tiwigs bearing
enough foltage 1o furnish an adequate sample for oil analysis were
put In pots of sand and sprayed in the same manner as the infested
twigs. Average deposits of 78, 87. and 145 pml. of the respective
oils were obtamned.

Nearly all the living scales had begun to deposit eggs at the time
of spraying, and mortality counts were limited to scales with eggs
present, although all scales were considered in estimating population
density. On the basis of such criteria as parasitization, dryness of
the body, and presence of fungus or mites, it was judged that certain
seales that had deposited eggs had died previous to the treatment,
and these were also disregarded in mortality estimates. After all
such scales had been separately classified, there remained a natural
mortality of 2.8 percent in the scales on the unsprayed twigs. The
data from the sprayed twigs were corrected accordingly to determine
the percentage of seales killed by the spray.

Population density was measured in 1 manner similar to that
described for the camphor scale (5). The number of scales on each
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centimeter length of twig was recorded, and dead and living scales
for each population- densxt.v interval of 10 scales per squave centi-
meter were then totaled. The average scale area was determined
from camera-lucida drawings of samples of sprayed scales, and the
number of scales per square centimeter was converted to proportion
of twig area covered by scales. As in the.camphor scale experiments,
the proportion of living scales increased at the higher levels of in-
festation in spife of the fact that there was very little overlapping of
scales until about 90 percent of the twig area was covered. The effect
is probably general ameng the dlaspme scales, and is probably due to
oil from the surloundmg surface being drawn beneath the scale
covering by capillary action. Consequentlv scales begin to “compete”
for the same o1l long before there is any overlapping or even touching
of covers.

alv]
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TWiG AREA GOVERED BY SCALES  {(PERGENT)

Figure 3.—DMartality of the willow searfy scale ciiused by applications of crude
eorn oil (circles), petroleum oil (crosses}, and refined corn oil {triangles). -

Since the percentage of survival increased with the density of
infestation, t lps dosage per scale was assumed to be inversely pro-
portional to a function of the population density. Mortality in
probits was thercefore plotied against the logarithm of the. reciprocal
of the proportion of twig area covered by scales. The vulues for each
oil could he fitted by a straight line up to the point where about 91
percent of the twig aren was covered by seales. Beyond this point
the results became ¢ erratic, prohably because of the protective action
of overlapping scales. The values of x* for the twe corn-oil sprays
indieated homogeneous data (P= 0.5), but x* for the petroleum oil
was above cxpectation.
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The regression lines as so caleculated are not measures of toxicity
in the same way as are the previous mortality curves, since the mor-
tality has been plotted against the logavithm of a function of the
dosage rather than the logarithm of the dosage itself, and the con-
stants of this function may differ for the different oils. Tor ex-
ample, if the dosage were equal to 1/X.\%, where X is the population
density and & and n are constants, n straight line would be obtained
if the mortality were ploited ngainst the logarithm of 1/4&. as was
done here, and different values of A and n would lead to differeat
positions and slopes of the curves. The probit transtformation as
here used, however, is a convenient way of transtforming the duta to
permit fitting by strairht lines.  The values have been converted back
to percentages killed, and u graphic comparison of the results is
made In figuve 3.

m -4 [
=3 [+ o

RKILLED {PERGENT)
(L]
[=]

k1)

20 i | | I ! |
c ) 20 30 a0 50 60 70 80 30 100

TWHG AREA COVERED BY S5GCALES (PERGENT}

Figuge 4—>lortality of the oystershell seiale cansed by applieations of erude corn
ofl ¢ireles), petrolenm oil (crosses), und refined corn ol (triangles).

In spite of a somewhat hervier deposit from the refined corn oil,
there were no sipgnificant differences between the mortality from this
oll and that from the petroleum oil. The deposit from crude cormn
oil was more than twice that from the petroleum oil. and this oil
consistently gave a higher mortality than the other two oils. There
were no significant differences in the slopes of the curves.

TESTS WITH THE OYSTERSHELL SCALE

Willow trees iufested with the one-generation form of the oyster-
shell seale were sprayed in the field on August 13, 1936, with 1.75
percent of petroleum, refined corn oil, and crude corn oil. applica-
tions being made with a small power sprayer operuted at a pressuve
of 300 pounds per square ineh.  Most of these seales had begun to
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deposit their overwintering e gs, and mortality records were limited
to such scales. An appreciable natural mortality ocenrred between
the time of application and the completion of the counts. This mor-
tality was marked by the presence of dead scales and egpgs that had
a brownish color but a drier appearance than those killed by oil,
and was most noticeable on heavily infested succulent twigs. Such
scales, as well as those attacked by parasites or fungus diseases and
the spent scales of the older broods, were recorded separately to
be used in caleulation of the population density. A natural mor-
tality of 5.3 percent in the remaining scales was indicated by exam-
nation of unsprayed twigs. Curves were fitted as in the scurty scale
experiments and are shown in Seure 4.

Differences in the slopes of the curves were not significant, but
crude corn oil gave a higher kill than the petroleum at equivalent
population densities, and refined corn oil was the least effective.
Oil deposits were not measured, but. judging from the results of
other experiments reported herein. crude corn oil probably gave u
heavier deposit than the ofher oils,

OVICIDAL EFFECTS

Willow twigs infested with the willow seurfy scale were collected
in the field March 28, 1936. They were cut into sections, inserted
into pots of moist sand, and sprayed in the same manner as previously
described for willow twigs. Sprays containing 4 percent of petro-
leum, refined corn, crude corn, refined cottonseed, and peanut oils
were applied on March 30 and April 4, 15 twigs being treated with

each material. At this time overwintering eggs were found between
the dorsal and the lighter, but definite. ventra) covering, the body of
the dead female being pushed forward to one end of the scale. Fifty
scales on each twig were examined 2 to 8 weeks later. Since it was
Imprzacticable to determine the number of eggs that hatched, scales
were classified according to whether crawlers had been able to emerge
from or settle beneath the scale coverings. Death might have oe-
curred, therefore, either in the egg stage or immediately after hatch-
ing. There was usually no doubt as to the class in which the scales
should be placed, but in cases of doubt the relative abundance of o o-
shells and dead crawlers and the presence or absence of newly settled
nymphs just outside the scale were considered. Twigs of equal de-
gree of infestation were selected to eliminate the need for considera-
tion of the population-density effect,

The following percentages of seales with all egas and crawlers
dead resulted from treatment with the various oils: Petroleum 73.1,
peanut 51.3. erude corn 19.7, refined cottonseed 9.6, and refined corn
3.7.  From a total of 2,721 scales on unsprayed twigs only 2.6 percent
had all eggs and crawlers dead.

Records made in this manner do not show the true mortality, since
many scales were classified as showing suecessful emergence even
though the treatment had killed an appreciable number of eggs and
crawlers beneath such scales. Nevertheless, a relative ranking of
the materials was made. None of the vegetable oils was as effective
as the petrolenm oil.  Peanut oil was the most effective of the vege-
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table oils, but the difference between petrolenm and peasnut oil was
clearly significant {P<0.01).

There was & high correlation between the effectiveness of the oils
and their drying property as measured by the iodine number. Corn
and cottonseed oils, which were sernidrying, were least effective in
preventing emergence, and hardened sufficiently to permit large
numbers of crawlers to move over the twigs and settle. Peanut oil
was more effective in preventing settling, but not quite so much so
as the petrclenm oil. Mortality of the crawlers that emerged on the
twigs sprayed sith petroleum oil was nearly 100 percent.

1l deposits were not measured in these tests owing to the absence
of foliage, but previous experiments with similar sprays indicated
that comparable deposits were obtained for at least the emulsions
of petroleum, peanut, cottonseed, and refined corn oils. If crude
corn-oil spray gave a heavier deposit, it was not sufficient to cause
any great increase in mortality over that from the two other semi-
drying vegctable oils,

The effects of petrolenm and refined corn oil were also compared
on overwintering eggs of the fruit tree leaf roller on apple twigs
collected in the vicinity of Sturgeon Bay, Wis* The eggs were
handled in the same manner as those of the willow scurfy scale.
Mortalities of 74.8 and 19.2 percent of the viable eggs treated with
these two materials again indicated a marked superiority of the
petrolenm oil in ovicidal properties.

From the standpoint of ovicidal action in these tests, it appears
that the best oils were those with the lowest iodine values as hsted
in table 1.

PHYTOCIDAL EFFECTS

Plant-susceptibility tests were carried on in which uninfested
plants were sprayed and kept under observation in the greenhouse.
Three chrysanthemum plants each were sprayed with petreleum,
crude corn, crude cottonseed, and peanut oils on December 22, 1936.
Three weeks later oil injury characterized by brown spots on the
leaves had appeared on all the plants treated with 5 percent of peanut
oil and on one plant sprayed with 3 percent of corn oil. il deposits
were 348 and 346 pml. per square centimeter, vespectively. The
other plants were not injured. Additicnal plants for observation
of spray injury were included in the January 26, 1937, sprays. These
plants had been dusted with sulfur about 8 weeks previcusly. On
February 9 all plants showed brown spots on the leaves, as well as
marginal and tip burning. Leaves that had opened since treatment
were distorted and crinkled. It was evident that severe injury had
been caused by the combination of oil and sulfur residue. The effect
sgfemed to be independent of the amount of oil deposit or of the kind
of oil.

Since cabbage plantg are generally susceptible to the unsaturated
components of oils, four potted cabbage plants were treated with
each material applied Mareh 23, 1937 (tabﬁ 2}. Three weeks later
these materials ranked in the following order of increasing injury,
the sprays grouped together producing equal effects:

+ Coltacted by . W, Bingham
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Git
concentration
Kind of oll: {percent)
Crude corn
Petroleum

Petrolenn:
Peonut

Petroleum

Crude cottonseed
Do__

Peanut _

Crude eornm e :

The greatest injury resulted from the 3-percent concentration of
erude corn oil.  All'the leaves on the plants sprayed with this material
either dropped or showed severe burning. Twe and 3 percent of
erude cotfonseed oil caused about as much injury as 7 percent of
petroleum and peanut oil.

Since coleus is also susceptible to the unsaturated compounds,
young coleus plants were included in the tests of December 22, 1936,
and January 26 and March 23, 1937 (table 2). Records on leaf
abscission wero kept in the hope of obtaining a quantitative expres-
sion of plant injury, but the results from one series to another were
so inconsistent that no conclusions could be reached.

Following the field applications of petroleum, refined corn, and
crude corn oils to willow, an appreciable number of leaves dropped
from s}l the heavily infested twigs, but no abnormal leaf drop took
place on vigorous branches.

The response of different plants to these materials, and even of the
same plants from one time to another, was so variable that the ques-
tion of their safety would have to be decided on the same plants and
under the same conditions that would apply in the use of the sprays
in commercial practice.

POSSIBLE INSECTICIDAL USES OF THE VEGETABLE O1LS

In the foregoing experiments the crude vegetable oils were at
least ag effective as a refined petrolenm oil when tested against the
active stages of several insects. The refined vegetable oils, however,
were not so effective as the petrcleum oil. Vegetable oils are gen-
erally more expensive than petroleum oil and hence would have o be
superinr to petroleum oil in other respects to justify their use. One
advantage lies in their greater solvent action on organic insecticides.
Since the use of toxicants in oils is under investigation at the present
time, this property might be of value. Fmulsions of crude corn oil
prepared with ground glue have consistently given heavier deposits
than petroleum-oil emulsions of equivalent oil content. If this rela-
tion holds for emulsions prepared in other ways, the increased oil
deposit may compensate for the greater cost of the corn oil.

1i‘he vegetable oils were inferior to the petroleum oil in ovicidal

action, and their tendency to dry in a hard film would shorten the
period -of effectiveness of the oil residue. This is a serious disad-
vantage in treatments for scale insects made during periods of repro-
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duction and émergence of young, but it might be overcome by the
addition of antioxidants.

The plant reactions should be thoroughly investigated before the
vegetable oils are used on an extensive scale.

JFrom these consideraticns the most promising nse of the vegetable
oils appears te be in combination with toxic materials that it is de-
sired to dissolve in the oil phase. In this way advantage is taken
of the insecticidal action of the toxicant and the oil, as well as of the.
wetting and penetrating properties of the oil which promote contact
between the toxicant and the insect.

SUMMARY

The insecticidal efficiencies of a number of oils of plant origin
have been compared with that of a refined petroleum oil. Emulsions
were prepared by mixing these oils with ground bone glue in a high-
speed drink mixer.

Mexican mealybugs reared on potted chrysanthemum plants in the
greenhouse were sprayed in the laboratory.  Mature females and eggs
of the willow scurfy scale on willow twigs and fruit tree leaf roller
eggs on apple twigs were collected in the field and brought to the
laborgtory for treatment. Adult females of the oystershell scale
on willow were sprayed in the field with 2 power sprayer.

Crude corn oil was equal or superior to the petroleum oil in tests
on Mexican mealybugs in which dosage~mort£ity curves were de-
termined and comparisons made on the basis of equivalent oil deposits.
In tests with adult females of the willow scurfy scale and the oyster-
shell scale, crude corn oil gave a higher kill and heavier oil deposits
than equivalent concentrations of the petroleum oil. Oil deposits
of crude corn oil from sprays against the willow scurfy seale were
more than twice those obtained from petroleum oil.

Crude cottonseed and peanut oils were equal or superior to a
petroleum oil in tests on Mexican mealybugs.

Refined corn ¢il was less effective than the petroleum oil in sprays’
applied to the Mexican mealybug and the oystershell scale.

In the tests with the oystershell scale and willow scurfy scale the
percentage of survival increased with the density of infestation.

Refined cotfonseed oil was not so effective as the petroleum oil
against mealybugs. The addition of cottonseed fatty acid did not
increase the toxicity.

A mixture of coconut oil and petroleum oil gave smaller oil de-
posits and killed fewer mealybugs than an equivalent concentration
of petroleum oil.

Orange oil and pine oil had little effect upon mealybugs and
severely injured chrysanthemum plants, These oils were so volatile
that the initial spray deposits were soon lost.

Tests on egps of the willow scurfy scale and fruit tree leaf roiler
indicated that the ovicidal effects of the oils used were closely corre-
lated with their drying properties. Peanut oil, a nondrying oil, was
superior to the other vegetable oils but less effective than the
petroleum oil. Crude corn, refined corn, and refined cottonseed, all
semidrying oils. were relatively meffective.
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Deposits of crude corn oil ranged from G0 to more than 100 percent
higher than those obtained from equivalent coucentrations of the
other oils. In most cases there was little difference in deposits of
‘petroleum, peanut, refined corn, refined cottonseed, and crude cotton-
seed oils.

Results of plant-injury tests were so vacviable that it wus concluded
that plant tolerance to the different oils would have to be determined
on the same plants and under the conditions prevailing when these
materials are used in practice.

Although vegetable oils are generally higher priced than petvoleumn
oil, they possess superior solvent action for certain organic insecti-
eides. and may find new uses because of this property.

LITERATURE CITED

(1} Avsrrx, M. Do, Jany, 8 G, and Magmx, 1.
1933, STUDIES OX THE OVICIBAL ACTION OF WINTER WasHES. 10572 TRIALS.
Southeuast. Agr, Col.. Jour. 32: 63-84, illus.
(2} BALACHOWSKY, A
1933. PROPRIETE INSECTICIDE BER BUNLES VEGETALES., BECHERCHEs SULL L'AC-
TIOX LXNSECTICIDE DES HUILES VEGETALES UTILISEES EN TRAITEMENT
D'HIVER (ONTRE 1LES (ODCIENILLES SUISIBLES AUX ARBRES FRUTTIERS.
Prog. Age et Virie. 100 : 352388,
{(3) Burms, C L
1935, THE CALCULATION OF THE DOSAGE-MORTALITY ¢URVE., Anu. Appl. Biol
o 241467, illus,

(4)
1835, THE COMPARISON OF DOSAGE-MORTALITY paTia. Anin Appl. Biol, 22:
307333,
{(5) CreEssaar, A, W, aud Dawsey, Lyyxxy H.
1934, 01N RETENTION, OIL-EM ULSIFTER RATHL AND OLL-WATEIL RATIO A% AFFECT-
ING THE ILXSECTICIBAL EFFICIENCY oF EMULSIONS. Jour. Agr. Res.
49: 1-19. illus,
{6) Dawsey, L{vawx] H.
1935‘1 A TABORATOALY METIIOR FOHL DETERMINING APPROXIMATELY TFIE EVAPORA-
TION OF PETROLEI'M SPHAYT OlLY UNBELR FIELD CONDITIONS, Jonr.
Eeon, Bt 261 T80-+30.

(7} , CressytaN, A, W..and ey, JUriias,
1937, THE RELATIVE QUANTITIES QF OIL DEPUSITER UEAX TARAFFIN-COATED
PLATES AND PPOX PLANT FOLIAGE 1V oIl sPeavys. Jour. Agr. Res
547 387-3498, illus.
(8 and Hirey. J.

1937 TMPROVEMENTE IX DETEEMINATINN OF 0IL DEPOSES OX SURAVED FOLIAGE.
Jour. Agr. Res, 550 603-T.
() HEADLEE, THOMAN J.
128, RCITALD INKECT INVESTIGATIONS.  ConLiNe MoTH. N, T Agr. Expt.
Sl Ann, Rpl. 497 130-145.
(1) Horwe, .
1922, THE EXAMINATION 0OF HYDROCARBON OILE AND OF SAPOXIFIABLE FATS
AND waxks, Englisb ed. 2, 572 pp. New York.
(11} Mazmx, H, and Saraox, B8,
1933, THE FUXGICIDAL PROPERTIES OF CERTAIN SPRAY-FLUGING, X. GLYCERIDK
ort.a. Jour. Agme, Scll 23 [2281-2451, ilus,
{12} Sxare. Onnver T, and Trossox, T R
T3, TS CONTEDL OF 'FHE 1ES=ER PRACIT MORER WITH PAMADICH LORDBENZENE
soLygTrons, U8 Dept. Agr. Cir, 172, 12 pp., s,
(13} Sraxrraxp, To N,
1926, OIL SPRAYTS FOIt SPRING AND SUMMER ['SE. (FROGRESS REeOKT.:  [Bristol
Univ.. Agr. andl Horl, Res 8t Ann, Rplk, 1026 [78)-81,



http:THO~f.lS
http:un:{-.01
http:Nt'lSllll.ES

ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS EITHER FIRST PRINTED OR LAST REVISED

Secrefary of Agricuiture
Under Secrelary..
Assistant Secretary .
Director ¢f Inforntation
Director of Extension Work
Director of Finance
Director of Personstel
Director of Research
Director of Markeling
Solicitor ____
Land Use Coordinate:r
Office of Agricultural Defense Relationa
Office of Plant and Operations____ __ _____
Office of C. €. C. Activities
Office of Beperiment Stetions___ . ________
Office of Foreign Agricuiiural Relations
Agricultural Adjusiment Administration
Burean of Agriculinral Chemistry and Engi-
teering,
Burean of Agricultural Economics

Burean of Animal Industry
" Commodity Oredit Corporation

Comntodity Brclange Administration

Bureat of Dairy Industry_

Bureau of Entomology aend .Plant Quargn-

tine.

Farm Credit Administration

Farm Security Administralion___________.__

Federal Crop Insurance Corporation

Forest Service.

Burean of Home Economics

Library

Bureau of Plant Industry

Rural Electrificetion Administration ...

Boil Congervation Service. . ___ ___ ______

Surplus Marketing Administrafion

CLAaTpE R. WICKARD.

PauL H. APPLESY.

GrovEr B. HILL,

MoRSE SALISEURY

M. L. WoLsoN.

W. A Jouz,

T. Ray RED,

Jayes T. JARDINE.

Roy B, HENDRICKSON.

Maatin G. WHITE.

M. 8. E18ENHOWER.

M. Crorrrorp TowNsenp, Director.
ARTHUR B. THATCHER, Chicf.
Frep W. MORRELL, Chief.
FaMES T. JTARDINE, Uhicf
Lesrie A, WHEELER, Direclor.
R. M. Evans, Administrator.
Hexey G. KNIgHT, Chief.

H. B. TorLey, Chief.

. W, XrrcHEN, Chief.
JoaN R. MoHLER, Chief.
J. B. Hurson, President.
JosepH M. MEHL, Chief.
0. B. Rexn, Chief.

P. N. ANNAND, Chief.

A G. BraoK, Governor,

C. B. BALpwWIN, Administrator.

Leroy K. BuiTH, Manager.

Barre H. Crarp, Acting Chief.

Louise StaxiEy, Chief.

RarerE R. SHaw, Dibrarian.

E. C. AucnTER, Chicf.

Harry SraTTeRY, Administralor.

H. H. BEwxETT, Ohief.

Roy ¥. HENDRIOKSON, Adminis-
trator.

This bulletin is a joint contribution from

Bureau of Enfomology and Plent Quaraniine__ P. N, ANNAKD, Chief.

Division of Fruit Insect Investigations

Division of Insecticide I'nvesiigations

D, L, Van Ding, Princigel Ento-
mologigt, in Charge.

B. C. Roanx, Principal Chemist,
in Charge.

U, 5. GOVERWMLNT PAINTING OFF|CE: $842

For pale by the Superintendent of Doccinente, Waablngton, I, (.

Price 5 cents







