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Pea Aphid Control in Oregon
K. W. GRAY and JOE SCHTJH

Introduction. Nearly every pea grower has sought most earnestly a way
to destroy the pea aphids by chemical or mechanical means before the pea
aphids destroyed his crop. The estimated farm value of peas for canning,
freezing, and fresh vegetable market in Oregon is $1,425,000, while that of
Austrian Winter Field peas is $1,479,000, making a total of $2,904,000. In 1934
half of the entire crop of cannery peas in Umatilla County was lost because
of this pest, causing an estimated loss to growers of from $100,000 to $125,000.
The Clatskanie area, where several hundred acres of peas had been grown for
fresh vegetable markets, was completely abandoned for pea production because
of losses from pea aphids. Losses in Austrian Winter Field pea and vetch
fields in the Willamette Valley have at times amounted to 50 per cent or more
of the crop. During 1939 and 1940 damage to individual fields ranged from
5 per cent to 100 per cent of the crop.

Control studies for the pea aphid (Macrosiphuni pisi Kaltonback) reported
in this circular were undertaken to determine the most efficient methods for
combating this pest under Oregon conditions. These control studies were con-
ducted uiider a wide variety of climatic conditions in various localities of the
state on edible peas and Austrian Winter Field peas.

These investigations were begun in 1935 at the John Jacob Astor Branch
Experiment Station at Astoria. The pea aphid was causing heavy losses to
the pea growers in that area each year. Sprays were used exclusively at first
in the experimental control tests because all pea growers in the area had spray
equipment. All peas grown in the Astoria area at that time were on trellises.
The work with sprays was concluded in 1937. During that season, preliminary
trials with dusts were begun, and continued through 1938 on the trellis peas.*
During 1939 and 1940 all experimental plots were located on broadcast peas.
Tests were conducted in all the major pea producing areas of the state;
namely, the coastal area, Willamette Valley, Blue Mountain area, and central
Oregon. During 1939 and 1940 dusts were applied from early May through
June, July, and August. Thus the various materials were tested under condi-
tions varying from the cool humid climate of the coast to the warm arid condi-
tions of central Oregon.

A randomized plot arrangement was used in all experiments. On
broadcast peas the plots were replicated eight times. Each plot was 6 feet wide
by 40 feet long, making a total area of about 1/23 of an acre for the eight
replicas. The plots on trellis peas were also randomized, but in replica of four.
Each plot was 20 feet long and three rows wide (rows 5 feet apart), making a
total of 1/33 of an acre for the four replicas. The location of individual plots
within each block was determined by shuffling numbered cards. These cards
were tacked to stakes and served as plot markers. A typical plot set-up on
broadcast peas consisted of 8 blocks, each containing 37 different treatments and
3 check plots, or a total of 320 individual plots. Each block was separated by
a 40-foot driveway. Approximately 5 acres of peas were required for each
field trial. Ten such field trials were made during 1939 and 1940.

Dusts were applied to the broadcast peas by a specially built power
duster. A Niagara More Crop duster was adapted for the experimental work

Recommendations for ea aphid control in home gardens or on commercial plantig
of peas grown on trellises are given on page 22.
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as follows (1) It was built into a unit that could be attached to the front of
an automobile. (2) The fastenings for the agitator bearings were recon-
structed to be held by wing nuts that made it possible to remove the agitator
quickly and brush out all remaining dust between each treatment. This altera-

tion made it possible to measure the exact
amount of dust applied to each plot. (3) An
attachment that opened and closed the dust
port in the hopper, independently of the
aperture adjustment, was constructed so that
it could be operated by the driver from with-
in the car. Thus, the dust could be turned
on just as the machine entered the plot and
turned off instantly at the end. (4) The
hood of the duster was built so that it could
be raised or lowered to conform to the
height of the plants. This adjustment could
be macic from within the truck while the
duster was being operated.

The aperture adjustment had to be deter-
mined for each dust mixture, as different
mixtures flow at varying rates.

(5) A more efficient duster hood and
boom arrangement was developed. This hood
was designed to prevent many aphids escap-
ing the dust by dropping to the ground, as

Figure 2. The plant tips and well as to apply dust to two sides of the
eposedto the fumes of methyl. tips of the pea plant. This was accomplished
isobutal-keione for five minutes. (a) by a metal blade in the hood that bent
The can is then given 50 vigor- the plants to expose all sides to dust stream

as well as to retain momentarily ,nd expose
to heavy dusting many of the aphids that

dropped from the plants as the machine passed over; (b) by having no part of
the duster touch the plants before the dust. The front of the hood was carried
5 to 6 inches above the plants and extended forward over the plants far enough
to prevent dust escaping. At the back of the hood a metal blade similar to that
of a bulldozer was arranged to strike the plants 6 to 12 inches from the top.
Two booms were mounted in the hood and arranged so that one forced dust
forward and down at an angle of about 45 while the other forced dust toward
the forward edge of the blade. The second dust stream struck the side of the
plants away from the machine as they snapped back over the edge of the blade.
Those aphids dumped on the blade were subjected to a direct stream of dust
from the latter boom. The front edge of the blade was bent around a i-inch
gas pipe to support it and prevent cutting the plants. This experimental duster
covered a 6-foot swath.

Each plot set-up received a single treatment. Five pounds of dust
were weighed into the machine, the eight replications treated, and the remaining
dust weighed back. This required but 10 to 12 minutes. By following a field
map, no time was lost going from one plot to the same plot in the next block.
The duster was reloaded at the other end of the field and the next treatment
applied on the return trip. Each plot received one application of dust. The
actual dusting of an entire field plot set-up of 40 plots required about 8 hours.
Counts were made 4 days later.
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A power sprayer was used on the trellis peas. A Hardie Sprayer,
built to pass between the rows of trellis peas, was used to apply the sprays. It
was equipped with a 6-foot perpendicular boom on each side. Eight nozzles in
each boom delivered a fine spray toward the underside of the leaves. The pump
maintained a pressure of 375 pounds per square inch at the pump.

Hand dusters were used to apply the dust to the trellis peas. Both
sides of each row were dusted. The dust was directed upward toward the
underside of the leaves. The exact amount of dust required was weighed out
and put in the duster. The operator traveled along the row rapidly enough to
cover the plot twice before running out of dust. No part of a plot was missed
by this method. The dusting was all done at night because of the incessant
wind during most daylight hours in the coastal area.

The trellis pea plots were treated two to three times during the season.
Counts were made 1 to 2 days before and 3 or 4 days following each treatment.
The treatments were made at 2-week intervals except on special plots.

Results are based on counts of aphids. The number of aphids found
on 25 pea plant tips 4 days after treatment is used as a basis of measuring the
effectiveness of the various treatments on broadcast peas. The aphids were
shaken from these 25 tips and placed in
Sealrite cartons and later counted to deter-
mine the population of each individual plot.
All the plots in any one block were sampled
by the same person, except on rare occasions,
and one person made all the counts for one
block. The various treatments were desig-
nated by number to prevent knowledge of the
dust used on any particular plot.

This method of shaking the insects from
the tips and later counting them in the labor-
atory was adopted in order that persons who -

had no experience in sampling for aphids
could make counts on the plots and thus in-
crease the scope of the trials with little extra
cost to the Experiment Station or other in-
terests. Growers, canners, and seed dealers
could take an active part in the experimental
control program. This participation in the
studies gave them a basis for evaluating the
results and an appreciation of the detailed
work necessary to obtain accurate data. Figure 3. The cotton in the top

In detail, the counts were made as fol- is kept saturated with chemical.
The hardware cloth holds thelows plant parts and other debris in

The Sealrite containers were placed the upper chamber.
by the plot markers and the plot numbers
recorded on them.

Each person was assigned a block to sample. He was then instructed
to: (a) pluck the tips so as not to lose those aphids disturbed by plucking;
(b) pluck tips of uniform length (the top 6 inches of the plant) ; (c) obtain
the sample from the full length of the plot; (d) disturb none of the plants
nearby as he picked a tip; (e) pay no attention to the number of aphids on the
tip to be plucked; (f) take short, medium, and tall peas in equal proportions;
(g) take no more or less than 25 tips from each plot; (h) check the number
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of the container with that of the plot marker. No one unfamiliar with the
method was permitted to begin sampling until he could be watched by the
instructor as he sampled his first plots.

After the samples were in the cartons, the numbers were again ch.cked
and the cartons picked up. Those for each block were kept together. These
cartons were packed in cracked ice a few minutes after being taken to prevent
predators destroying the sample of aphids.

The samples were taken to a laboratory and the aphids counted either
by the pickers or by another crew. In either case, one person counted entire
blocks. A half cubic centimeter of ether was shot into each container by a
hypodermic needle before they were opened. The aphids were spread out on
white paper and counted.

The counts were recorded on the cartons and then transcribed to a
chart.

About 8 hours are required for one person to pluck the tips and count the
aphids on one block of 40 plots.

Two methods were used for separating aphids from tips of the
plants. During the 1939 season the aphids were shaken by hand from the
plant tips into an insect net and then transferred to the containers. The two

main difficulties encountered in this method
were (1) many aphids were lost while being
transferred from the net to the containers,
and (2) the small aphids could not be dis-
lodged. These difficulties were remedied by
the use of a sampling can in the 1940 season.
This device consisted of a large funnel cov-
ered with hardware-cloth at the top. Above
the hardware-cloth was a chamber 6 inches
tall by 12 inches in diameter closed at the top
by a tight-fitting cover in which a pad was
fastened. This pad was saturated with
methyl-isobutal-ketone. The bottom of the
funnel exactly fitted the inside of the i-pint
Sealrite container.

In sampling, the plant tips were picked
into an insect net and then dumped into the
sampling can. The lid was replaced and the
aphids exposed to the fumes of the methyl-
isobutal-ketone for 5 minutes. The fumes
of this chemical caused even the smallest

Figure 4. The funnel concen. aphids to release their hold and drop off. The
trates the aphids that are caught sampling can was then given 50 vigorous
in the .pound cardboard con. shakes. The aphids dropped through the

screen and were caught in the Sealrite con-
tainer. The container was then removed

and its lid put on. This method of sampling reduced the number of aphids lost,
reduced the number of those left on the tips, reduced the amount of foreign
material such as pieces of leaves in the sample, and eliminated the tiring process
of shaking the aphids from each tip individually as was formerly required.

The samples on the tiellis peas were made by counting all the aphids on the
plants of the middle row of each plot. The counting was begun 2 or 3 feet
from the end of the plot and ended 2 or 3 feet from the other end.



The data were analyzed and subjected to the "t" test. In the dis-
cussion of the results of the various tests will be found the statement, "The
difference between means necessary for significance with odds of 99 to 1 is"
(some given amount). This signifies that, according to statistical analyses, the
chances are that the difference as given would occur by accident less than one
time in 100. In other words, it is the treatment that caused the difference in
the average number of aphids found and not chance. An example of this may
be found in Table 1. The lowest mean or average number of aphids found per
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Figure 5. Dy means of this sampling can, two or more people can obtain equivalent figures
of the number of pea aphids found on plants in a definite area.
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25 tips after treatment was 189. The rest of the treatments had higher means
ranging up to 548. The difference between the means necessary for significance
with odds of 99 to 1 is 97. Since the difference between the means of the first
and last treatment is 358, it may be said that the first treatment is highly superi-
or to the last one. Also, it is superior to any other treatment shown in this
table having a mean greater than 189 plus the difference necessary; 97, i.e., a
mean of 286 or more.

The experimental dusts were mixed in the early spring and stored
in air-tight cans. The dusts were mixed in a barrel churn containing rocks
and in a dust mixer equipped with steel brushes and sieves. Those mixtures
containing only dry material were run through the sieves and then thoroughly
mixed. For those dusts containing liquid other than oil, the dry ingredients
were mixed thoroughly first and then the liquid was poured into the dry mate-
rials slowly a the mixer was operating. The whole mixture was then run back
through the sieves and again turned in the mixing chamber for 3 or 4 minutes.

The dusts containing oil were mixed differently in that the required amount
of oil was first thoroughly mixed with the ground cube, derris, or timbo root.
This was accomplished by mixing the root and oil in the churn containing
rocks until no dry root remained. About one-third of the carrier was then
added and the mixing continued in the churn until the oiled root was broken
up enough to be run through the dust mixer having a 6-mesh screen. The
remaining required diluent was then added, the mixing continued for 3 or 4
minutes. The complete dust was then brushed through a 12- and finally a
16-mesh screen.

Satisfactory commercial dusts containing rotenone and oil were made by
atomizing the oil into the root and one-half the carrier and then adding the
remaining diluent.

An outline of control studies is given. The insecticide trials included
principally the use of rotenone-bearing roots, pyrethrins, nicotine, and Loro
(sodium laural sulphate) in dusts. A limited test was conducted with atomized
oil alone, oil with nicotine, oil with rotenone extract, and oil containing both.
Other materials used in dust form included methyl-isobutal-ketone, dichlor-
ethyl ether, dinitro-ortho-cyclohexyl-phenol, and cyanogas G. Many different
combinations of the aforementioned materials were used.

Dilution tests included a variation in the rotenone content with the con-
ditioner content kept constant as well as a variation in the conditioner content
with the rotenone kept constant. The amout of dust applied per acre was
varied from 22 to 69 pounds. Various conditioners such as Vatsol OS, Gras-
selli activator 834A7,* and oils were tried. Mixtures that proved to be com-
paratively less effective were discontinued and others substituted. The prin-
cipal tests are described and the data presented in the following pages.

A dust containing rotenone and oil was the most efficient of the
materials tested. The most efficient dust formula found was rotenone .75 per
cent plus 3 per cent soyabean oil. In Table 1 will be found formulae of dusts
representing the general classes of materials used. The pounds of dust applied
per acre, the mean number of aphids on 25 tips, and the percentage control are
given. The figures are based on 40 replications applied during 1940. Only 1940
figures are used because two of the dusts showing considerable promise were
not used in 1939. One of these rotenone dusts is that containing Grasselli
activator 834A7,* and the other is that containing methyl-isobutal-ketone. The

A conposite containing a vegetable oil, an emulsifier, a thiuram suiphide and such
blending agents as necessary to produce a nonseparating mixture.
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analysis of variance indicates that a difference of 97 aphids per 25 tips is
required for a significant difference between means. This divides the materials
into three groups. The best materials, those having less than 286 aphids per
25 tips, are all rotenone dusts having soyabean oil, Grasselli activator 834A7,
Loro, or methyl-isobutal-ketone. The dusts containing rotenone .75 per cent
and soyabean oil 3 per cent or methyl-isobutal-ketone 1 per cent were the
cheapest. Methyl-isobutal-ketone is a volatile and inflammable material, which
may be lost rapidly when such a dust is kept in the paper bags commonly used,

'I

Figure 6. The front of the hood passed over without touching most of the pea plants. The
blade at the back of the hood struck the plants at least 6 to 8 inches below the top
of the plants.

and for these reasons should be used with care. Further information is re-

quired before it can be recommended as an alternate for the soyabean oil. Loro
is not recommended because it costs more than the oil. Grasselli activator
834A7 is not available for commercial use. The dust containing rotenone .75
per cent and soyabean oil 3 per cent is the most efficient material tested and
therefore is recommended for use.

The dusts that fall in the next group, those having 289 to 386 aphids per
25 tips, are rotenone 75 per cent alone, or with Vatsol OS 1 per cent, or
Cyanogas G 20 per cent. Since these dusts produce a lower percentage control
of the pea aphid and only one (rotenone .75 per cent alone) is cheaper than the
oil containing dusts, they are not recommended.

The last group, which is methyl-isobutal-ketone 6 per cent, rotenone .198
per cent (Agicide), pyrethrins .4 per cent, and nicotine 4 per cent cannot be
recommended because of their inferior performance.



Table 1. A CoMPARIsoN OF THE EFFECT OF THE PRINCIPAL INSECTICIDES AND COMBINATIONS TESTED.

Difference between means necessary for significance with odds of 99 to 1 = 97

Insecticides Dilution Conditioner or other insecticides Dilution
Additional
materials Dilution

Amount
per

acre

Mean
aphids

per
25 tips

Per cent
control

Per cent Per cent Per cent Pounds Per cent
Rotenone .75 Grasselli Activator 834A7 2.5 ... 30 189 84
Rotenone .75 Loro 2.0 Soyabean Oil 3.0 36 198 84
Rotenone .75 .... Soyabean Oil 3.0 32 219 82
Rotenone .75 Methyl-isobutal-ketone 1.0 .... 35 231 81
Rotenone .75 Methyl-isobutal-ketone 1.0 Soyabean Oil 3.0 30 240 80
Rotenone .75 Loro 2.0 ... 32 242 80
Rotenone .75 Vatsol OS 1.0 Soyabean Oil 3.0 35 256 79
Rotenone .75 Dichlorethyl ether 1.0 Sdyabean Oil 3.0 28 262 78
Rotenone .75 Vatsol OS 1.0 ... 37 289 76
Rotenone .75 Cyanogas G. 20.0 .... 36 305 75
Rotenone .75 ... .... 36 331 73

Metliyl-isobutal-ketone 6.0 ... 40 469 61
Rotenone (Agicide) .198 .. .... 32 478 61
Pyrethrins .4 ... .. 30 546 55
Nicotine 4.0 Powdered quick lime 2.5 ... 32 548 55



Atomized oil was found to be no more effective than dust under
the conditions of these tests. An opportunity to compare the effectiveness
of the rotenone-oil dust with that of atomized oil was afforded by B. E. Maling,
Inc., of Hilisboro, Oregon. The oil test plots were located in a field of dust
trials in the same manner as was each dust plot. The oil atomizer, owned by
B. E. Maling, Inc., was one developed by the Shell Oil Company of New
Jersey, in cooperation with Dr. Frank App of Seabrook Farms. The atomizer
was operated by the crew that was using it on adjacent plantings of the area.
The plots were checked in the usual manner 4 days later.

Figure 7. A typical field trial consisted of eight blocks each 40 feet wide by 320 feet long
with 40-foot driveways between blocks. Each block contained one replica of each treat-
ment.

Results of this limited trial are given in Table 2. The statistical analysis
indicates that the mean, for the dust, 52 aphids per 25 tips, although lower

Table 2. A COMPARISON oF' THE EFFECTIVENESS OF ATOMIZED OILS AND DUST CONTAINING
ROTENONE .75 PER CENT AND SOYABEAN OIL 3 PER CENT.

Per Cent Per Cent

In a dust.
f Shell.Vapona No. 3 contained .22 per cent rotenone. Difference between means neces-

sary for significance with odds of 99 to 1 178.

Rotenone
Oil (Shell-New Jersey)
tShell.Vapona No. 3
Shell.Vapona + Nicotine 1.45 per cent
Oil (Shell.New Jersey) + Nicotine

1.45 per cent

.75 3
100

99.78
98.33

98.55

39 pounds
7.5 gallons
7.5 gallons
7.5 gallons

7.5 gallons

52
101

86
151

179

PEA APHID CONTROL IN OREGON 11

Mean
aphids

Amount per
Insecticide Dilution Oil per acre 25 tips
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than any of the oil treatments, is not significantly lower. It is indicated by
these trials that the oil-dust is equal in effectiveness to atomized oil. Com-
parative cost of materials and machinery as nearly as could be computed favor
the dust by about $1.00 per acre.

The dust should contain at least .75 per cent rotenone. Dusts con-
taining rotenone .50 per cent, .75 per cent, and 1 per cent with 3 per cent soya-
bean oil were compared. A total of 80 replications were used in two seasons.
The average amounts applied per acre on the 10 fields were 37, 37, and 38
pounds per acre respectively. Results, given in Table 3, indicate that there is
no difference in effectiveness between the dusts containing .75 per cent and
1.00 per cent rotenone but that .50 per cent rotenone is definitely inferior. It is
suggested, therefore, that the dust contain not less than .75 per cent rotenone.

Table 3. A COMPARISON OF THE EFFECTIVENESS OF A DUST CONTAINING 3 PER CENT
SOYAIIEAN OIL AND ROTENONE .50, .75, AND 1.0 PER CENT.

Percentage
rotenone

Per cent

Amount Mean aphids
per acre per 25 tips Control

Poun.ds Per cent

Difference between means necessary for significance with odds of 99 to 1 = 44.

Three per cent oil is required in the dust. The percentage of soyabean
oil used was 1 per cent, 3 per cent, and 6 per cent with the rotenone content at
.75 per cent. The average amount of dust applied per acre was 35, 37, and 36
pounds respectively. The results of trials based on 80 replications are given
in Table 4. These data indicate that the oil content of the dust need not exceed
3 per cent. The dust containing 1 per cent oil was inferior to that containing
3 per cent or 6 per cent with odds greater than 99 to 1. Difficulty in adjusting
the machine to apply the desired amount of dust at different temperatures was
experienced with the dust containing 6 per cent oil. This was also true of the
dust having 3 per cent oil, but to a lesser extent. At high temperatures, the oil
dusts run through faster than at low temperatures. The difference in amounts
applied at a given set under varying temperatures is not enough to produce a
marked difference when 3 per cent oil is used. It is recommended that the
oil content be kept at 3 per cent.

Table 4. A COMPARISON OF THE EFFECTIVENESS OF Dusis CONTAINING ROTENONE .75 PER
CENT AND 1 PER CENT, 3 PER CENT, AND 6 PER CENT SOYADEAN OIL.

Amount
Percentage oil per acre

Per cent Pounds

Mean aphids
per 25 tips Control

Per cent

Difference between means necessary for significance with odds of 99 to I = 48.

The cheapest vegetable or animal oils tried were satisfactory.
Dusts containing rotenone .75 per cent and 3 per cent of various oils were
tested during the course of these investigations. The oils used include prin-

1 35 256 74
3 37 176 82
6 36 199 80

.50 37 256 74

.75 37 176 82
1.00 38 192 81



cipally those of plant origin and two animal oils, neatsfoot and fish, and one
mineral oil. The plant oils tested were olive, eucalyptus, castor, peanut, penny-
cress, cocoanut, soyabean, cottonseed, and pine. Not all the various oil dusts
were included in each plot set-up. For that reason, they cannot be compared
directly. The results of 40 replications on the performance of six oils which
can be compared directly are given in Table 5. . The mineral oil (Standard Oil
No. 4. Viscosity 50-55 seconds Saybolt and 90 per cent unsulphonation test) and
pine oil are inferior to the others. Other trials indicate that cocoanut oil is also
inferior. All the other vegetable and animal oils produced about equal results.
It cannot be stated that the oils named above will always produce comparable

Figure 8. Pea aphids feed on the tender growing tips of the plant and often become so
numerous that growth is stopped.

PEA APHID CONTROL IN OREGON 13
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results when used with rotenone in a dust, because there are no definite specifi-
cations available for the samples of oils of vegetable or animal origin. On the
basis of these results, it is suggested that the cheapest oil available of those
tested, other than mineral, cocoanut, or pine oil, be used.

Table 5. A COMPARISON OF THE EFFECT OF 3 PER CENT OF THE VARIOUS OILS IN A DUST
CONTAINING .75 PER CENT ROTENONE.

Difference between means necessary for significance with odds of 99 to I = 55.

Thirty-five pounds of dust per acre should be applied. The answer
to the question of the most efficient amount of dust to apply per acre was
studied. An attempt was made to apply 20, 30, 40, and 70 pounds per acre of
the rotenone and oil dust. The average amounts actually applied were 22, 32, 45
and 69 pounds per acre. Analyses show that there is a significant difference
between the results obtained by the application of 22 and 32 pounds per acre
but no difference between 32 and 45 pounds per acre. However, there is a true
difference between 32 and 69 pounds per acre but none between 45 and 69
pounds. It appears, therefore, that between 30 and 40 pounds per acre would
be the most efficient amount. Based on these results, it is recommended that
35 pounds be applied per acre.

Table 6. A COMPARISON OF THE EFFECTIVENESS OF DIFFERENT AMOUNTS APPLIES PER
ACRE OF A DUST CONTAINING ROTENONE .75 PER CENT AND SOYABEAN OIL 3 PER CENT.

Amount per acre

Pounds
22
32
45
69

Mean aphids
per 25 tips Control

Difference betweens means necessary for significance with odds of 99 to 1 60.

The new hood design increased the control of aphids. Table 7 gives
the results obtained with a duster of the new design as compared with results
obtained with one somewhat comparable to the old design. The results ob-
tained by the experimental duster adjusted so that the front of the hood touched
the top 5 or 6 inches of the plants and the blade completely missed the plants
were taken as equivalent to what could be expected of a duster of conventional
design.

A mean of 172 aphids per 25 tips was found on those treated with the new
duster design andY a mean of 310 per 25 tips for the old duster design. The
results are based on 120 replications. The actual difference between means is

Insecticide Dilution Conditioner Dilution
Amount
per acre

Mean
aphids
per 25

tips Control

Rotenone
Rotenone
Rotemione
Rotenone
Rotenone
Rotenone

Per cent
.75
.75
.75
.75
.75
.75

Soyabean Oil
Cottonseed Oil
Fish Oil
Neatsfoot Oil
Mineral Oil
Pine Oil

Per cent
3
3
3
3
3
3

Pounds
42
48
46
40
42
45

134
141
154
178
210
223

Per cent
83
82
81
78
74
72

Per cent
284 77
219 82
200 84
148 88



138. The difference required to be significant with odds of 99 to 1 is 51. The
higher control was obtained with an average of 4 pounds less dust per acre.
The dust used, rotenone .75 per cent with soyabean oil 3 per cent, was the
same in both instances. These results indicate that a more effective control of
the pea aphid may be obtained by use of a duster with a hood employing the
new principle of design.

Fgure 9. Wheels on the ends of the wings keep the blades in the hoods from carrying
too high or too low at any time. The small section of hood in front permits treatment
of the plants in the path of the machine before the aphids are dislodged.

Table 7. A COMFARISON OF THE EFFECTIVENESS OF THE DUSTER OF NEW DEsIGN AND OF
OLD DESIGN.

Type of duster
Amount Mean aphids
per acre per 25 tips Control

Difference between means necessary for significance with odds of 99 to I = 51.

This type of machine, as well as the dust containing rotenone and oil, may
be used for pea weevil control, also.

A complete list of dust formulas used is given. The complete list of
dusts used, the amount per acre at which each was applied, the number of
replications of each, and the percentage control each produced are given in
Table 8 for the information of other investigators working on pea aphid con-
trol, pea growers, and insecticide dealers.

New 38 172 83
Old 42 310 69

PEA APHID CONTROL IN OREGON 15
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Table 8. A COMPARISON OF THE EFFECTIVENESS OF THE VARIOUS MATERIALS TESTED FOR CONTROL OF THE PEA AFt-Ito.

Formula
number Insecticide Dilution

Conditioner or other
insecticides Dilution

Additional material
or remarks Dilution

Amount
applied
per acre

Number
replica-

tions

-

Per Cent
control

Per cent Per cent Per cent Pounds Per cent
1 Rotenone .75 Soyabean oil 3 .. 71 80 91
2 Rotenoe .75 Olive oil 3 .. 29 24 90
3 Rotenone .75 Soyabean oil 4 Sulphur 10 42 S 894 Rotenone .75 Loro 2 . 37 40 88
5 Rotenone .75 Soyabean oil 3 Loro 2 36 40 87
6.,
7
8

Rotenone
Rotenone
Rotenone

.75

.75

.75

Soyabean oil
Soyabean oil
Grasselli activator

3
3 .. 55

43
40
80

87
87

834A7 2.5 30 40 87
9 Rotenone .75 Loro 2 35 80 86

10-------- Rotenone .75 Eucalyptus oil 3 46 24 86
11 Rotenone .75 Soyabean oil 3 . 32 40 85
12 Rotenone .75 Soyabean oil 3 1939 mix 35 40 85
13 Rotenone 1.00 Soyabean oil 3 38 80 85
14 Rotenone .75 Cottonseed oil 3 41 80 85
15 Rotenone 75 Fish oil 3 39 80 84
16 Rotenone .75 Methyl-isobutal-ketone 3 .. 35 40 84
17 Rotenone .75 Soyabean oil 6 36 80 84
18 Rotenone .75 Soyabean oil 3 Vatsol OS 2 39 40 84
19 Rotenone .75 Soyabean oil 3 Vatsol OS 3 39 40 84
20 Rotenone .75 Soyabean oil 3 Vatsol OS 1 36 80 83
21 Rotenone .75 Soyabean oil 3 Reverse mix 36 64 83
22 Rotenone .75 Soyabean oil 3 Methyl-isobutal-ketone 1 30 40 83
23 Rotenone .75 Metliyl-isobutal-ketone 6 . 40 40 83
24 Rotenone .75 Vatsol OS 6 .. 37 40 83
25 Rotenone .75 Neatsfoot oil 3 40 40 8326 Rotenone .75 Vatsol OS 3 5timtox D 25 31 24 82
27 Rotenone .75 Cocoanut oil 3 .. 43 32 8228 Rotenone 1.00 Vatsol OS 3 37 40 8229
30

Rotenone
Shell vapona

.25 Pine oil 3 Stimtox D 25 44 16 82
No. 3 100.00 . 7.5 gal. S 82

31 Rotenone .75 Soyabean oil 3 Dichlorethyl ether 1 28 40 8132 Rotenone .75 Pennycress oil 3 .. 36 40 81
33 Rotenone .75 Vatsol OS 1 - 37 80 8134 Rotenone .50 Loro 2 .. 38 80 8135 Rotenone .75 Vatsol 05 3 43 40 - 8136 Rotenone .75 Mineral oil 3 42 40 8137 Rotenone .75 Pine oil 3 . 45 40 80



Table 8. A COMPARISON OF THE EFFECTIVENESS OF THE Vsious MATERIALS TESTES FOR CONTROL OF THE PEA APHID (Continued).

R Shell vapona No. 3 contained .22 per cent Rotenone.

Formula
number Insecticide Dilution

Conditioner or other
insecticides Dilution

Additional material
or remarks Dilution

Amount
applied

per acre

Number
replica-

tions
Per cent
control

Per Cent Per cent Per cent Pounds Per cent
38 Rotenone .75 Soyabean oil 3 22 40 80
39 Rotenone .75 Soyabean oil 1 ... 35 80 80
40 Rotenone .50 Soyabean oil 3 . 87 80 80
41 Shell oil (New

Jersey) 100.00 .... ... 7.5 gal. 8 80
42 Rotenone .25 Soyabean oil 3 . 36 40 79
43 Rotenone .75 Cyanogas G. 20 . 36 40 78.
44 Rotenone .75 Methyl-isobutal-ketone 1 35 40 78
45 Rotenone .75 Stimtox D 25 .. 31 8 78
46 Rotenone .50 Pine oil 3 Stimtox D 25 47 16 77
47 Pyrethrins .20 .. (Flowers) 41 24 77
48 Rotenone .75 Vatsol OS 3 . 38 72 76
49 Rotenone .25 -.. -... 40 40 76
50 Nicotine 1.45 Shell vapona No. 3 95.55 7.5 gal. 8 74
51 Rotenone .50 Vatsol 05 3 ---. 35 40 72
52 Rotenone .198 ... (Agicide) .. 37 80 72
53 Nicotine 1.45 Shell oil (New Jersey) .. 7.5 gal. 8 70
54 Shell vapona

3No 100.00 .... (Applied by hand) . 5.4 gal. 16 70
55 Nicotine 2.00 Powdered quick lime 2.5 Ammonia 2 53 40 67
56 Stimtox D 100.00 .. 53 16 66
57 Nicotine 4.00 Powdered quick lime 2.5 Ammonia 2 39 80 64
58 Methyl-isobutal-

ketone 6.00 . 40 40 64
59 Dichlorethyl

ether 3.00 .... .. 38 56 61
60 Dinitro-ortho-cy-

clo-hexyl-phenol .30 ... 60 8 60
61 Pyrethrins .40 (Petroleum extract) 30 40 57

62 Dichlorethyl
ether 1.00 .-.. ... 48 16 52

63 Dinitro.ortho.cy-
clo-hexyl-phenol .80 ... 56 16 51

64 Dinitro-ortho-cy.
clo-hexyl-phenol .60 ... 39 8 50

65 Dichlorethyl
ether 6.00 .. .. 33 40 47

66 Soyabean oil 6.0 .. 56 40 47
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This table is not offered as an absolute rating of the relative effectiveness
of each dust mixture, because all these materials were not tested under identical
conditions and were not replicated the same number of times.

The effect of pea aphid control in terms of crop yield requires ad-
ditional study. Information on yield obtained during the 1940 season indi-
cates that those parts of fields dusted with the rotenone-oil dust yielded enough
additional cleaned seed to pay more than twice the cost of treating for aphid
control. Table 9 gives data on yield of field plots in Deschutes County treated
for pea-aphid control.

Figure 10. A duster mounted on a tractor lacks space to carry extra dust but will operate
in softer and steeper ground than those mounted on trucks.

The yield records were obtained by picking 25 plant stems at random in
each plot, shelling, and weighing the peas found. The plots treated were rote-
none .75 per cent, soyabean oil 3 per cent, those treated with nicotine 4 per cent,
and those untreated were thus examined. The eight plots treated with the
rotenone oil showed an average yield of 19 grams per 25 stems; those for nico-
tine 4 per cent showed 11; and the check, 8. The difference between mean
yields required for significance is 4.28. Thus, there is no true difference
between the yield of the check and the nicotine-treated plots, but a highly
significant difference between either of these two plots and the rotenone-oil-
treated plots. The calculated yield in pounds per acre is 985 for the rotenone-
oil dust, 570 for nicotine dust, and 415 for the untreated check plots. The dif-
ference in yield between the nicotine and rotenone-oil plots is not surprising



Table 9. A COMPARISON OF THE CALCULATED YIELD OF AUSTRIAN WINTER FIELD PEA SEED ON PLOTS TREATED WITH ROTENONE-OIL Dusr,
NICOTINE DUST, AND THE UNTREATED CHECK.

Basis 13.5 stems per square foot.
Difference between means necessary for signIficance with odds of 99 to I = 4.28.

Plot
number Dust applied

Amount
per

acre
(dust) Control

Yield of peas per 25 stems

Replications iAmount
per

acre
yield

Increase
per
acre1 2 3 4 5 6 7 8 Mean

17

37

20

Rotenone, .75 per cent
Soyabean Oil,
3 per cent

Nicotine 4 per cent

Check

Pounds
37

38

..

Per cent
93

18

....

Grams
20

9

11

Crams
16

9

5

Grams Crams Grams Grams
13 20 25 25

8 9 18 16

5 16 12 10

Grams
15

12

4

Grams
18

5

3

19

11

8

Pounds
985

570

415

Pounds
570

155
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when it is observed that the initial kill as checked 4 days after treatment was
but 18 per cent for the nicotine plots and 93 per cent for the rotenone-oil plots.

Actual yield records kept on five fields in the Willamette Valley and one
in central Oregon (Table 10) show an average increase of 277 pounds of
cleaned seed on the dusted portions of 'the fields over the undusted portions.
This difference is highly significant. The greatest difference between dusted
and undusted parts of a field was 461 pounds and the least was 56 pounds.
Field No. '2, which shows the least effect of the dusting, had a lower infestation
than any of the other fields.

Table 10. A COMPARISON OF ACTUAL YIELDS OF AUSTRIAN WINTER FIELD PEA SEED OV
DUSTED AND UNDUSTED PARTS OF FIELDS IN THE WILLAMETTE VALLEY

AND CENTRAL OREGON.

Difference between means necessary for significance with odds of 99 to 1 = 180.

The determination of the results of control in terms of crop yield and the
proper time to apply the control measures will entail considerable study over a
number of years. There are many factors besides aphids that complicate
these studies. Among these are the effects of agencies other than control opera-
tions on both crop yield and aphid populations. For example, natural enemies
often quickly reduce the number of aphids so that it is not always, possible to
determine the value of the dusting. Weather conditions also affect both the
rate of aphid reproduction and the kill produced by insecticides. As these
factors have been studied for only 1 year, no definite suggestions can be made
now regarding timing of dusts for pea aphid control or the advisability of
applying control measures.

Studies to date indicate that it requires from 20 to 25 days for
aphids to multiply to damaging numbers after dust application. Records
kept of aphid populations in portions of fields dusted with rotenone-oil indicate
that a period of 20 to 25 days is required for the aphids to attain the number
found just before dusting. The time required for the aphids again to build
up to damaging numbers depends on many factors. If it were not for the
natural enemies of the aphids, they would probably increase much more rapidly.
The dust destroys the lady bird beetles but does not affect the fungous diseases
of the aphids nor' kill all of the syrphid flies. Thus, after the dusting, there
still remain these two major enemies to prey on the aphids not killed by the
dust. Because of the reduction of their host, these aphid enemies then are gradu-
ally reduced to such an extent that the aphids can again increase. During this
time, from the date of dusting to the time when the aphids may again reach
damaging numbers, the plants have had time to grow and are better able to
withstand the effect of the aphid feeding. In cases of the dusting being done
during the early bloom period, the plants are protected during the time the pods
are forming. If the dusting has to be done several weeks ahead of blossoming
time, it is possible that a second dusting would be required, but this condition

Fields

1 2 3 4 5 6 Mean Increase
I

PouNds
Dusted 863 973 932 722 860 869 870 277
Undusted - 520 917 656 261 517 657 593
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Figure 11. The most important insect enemies of Ilic pea aphid are the Syrphid flies. These
four genera (upper, Scaeva and Sphaerophoeia, lower, Eupeodes and Syephus) are only
a few of the large group that are thus beneficial. It is the larvae, not the adult flies,
that feed on the aphids. (Enlargement 4 X.)
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is exceptional. Generally, the aphids build up to damaging numbers just prior
to or at blooming time so that one dusting may protect the plants long enough
to insure a normal seed crop.

Pea aphid may be controlled on commercial plantings of trellis
peas or in home gardens with spray or dust. The area devoted to the
production of peas for the fresh vegetable market is relatively small in Oregon.
The area in and around Portland produces early peas principally for the Port-
land market, while the late peas are produced on the coast near Astoria. Much
of the latter crop is sold in eastern markets. Pea aphid control is an annual
problem on these late peas on the coast. These peas are grown in j- to 3-acre
patches. Small barrel sprayers are generally used to combat the pea aphid.
The spraying season begins in July and continues through August. One to
three applications are necessary. At the beginning of these studies it became
apparent that most growers were failing to get good control because of poor
spraying technique. Many sprayer operators did not appreciate the fact that
an aphid that was not contacted would not be killed. This point cannot be over-
emphasized. It is well for a sprayer or duster operator to go back along the
row and examine the plants to be sure that he is covering the aphids with the
spray or dust. Three hundred to five hundred gallons of spray is required per
acre for a fixed boom sprayer. Less will be required with a hand gun.

The following control recommendations are based upon experimental
studies conducted over a period of 4 years on trellis peas. The recommended
spray formula is: Rotenone 1 part to 12,500 parts of spray by weight (1.66
pounds of cube, derris, or timbo root containing 4 per cent rotenone in 100 gal-
lons of water). Wetting agent 1 part to 880 parts by weight of spray (Vatsol
OS, Aresket 300, Grasselli 181P., etc., 1 pound per 100 gallons of spray).

Sodium fish oil soap may be added to the spray if desired. If the soap is
added at the rate of 2 pounds per 100 gallons, the wetting agent may be reduced
to 1 pound. The important thing to remember is that the wetting agent
and soap are added to make the spray wet the aphids. This is important because
if the spray stands in droplets on the insects, it will not be as effective as if it
thoroughly wets them. About twice as much wetting agent is required to wet
the aphids as the plants. Ten pounds of sulphur in one hundred gallons may
be added to the spray to control powdery mildew. This should be included in
the spray used in the coastal area.

Mixing the dry rotenone containing material and sulphur with the water
may be done easily by adding the wetting agent to 2 or 3 gallons of water and
then putting in the dry materials. After the sulphur and ground root are
thoroughly wet, the remainder of water may be added.

Dust may be used instead of spray if it is desired. The same dust, rote-
none .75 per cent vegetable oil 3 per cent, as recommended for broadcast peas,
may be used on trellis peas. Thirty pounds per acre is sufficient for plants
up to 2 feet tall. The amount should be increased until the plants are about
6 feet tall, when a full 50 pounds will be required. The dust should be applied
to the under side of the leaves with special attention being paid to the top foot
of the plants. The rows should be dusted from both sides. Dusting should be
done only when there is little or no wind. Remember that the same rule of
thorough coverage applies to dusting as to spraying. If the insecticide does not
contact the insects, they will not be affected in the least by the treatment.



PEA APHID CONTROL IN OREGON 23

SUMMARY
Pea aphid control studies were conducted in all the major pea producing

areas of the state on both canning varieties and field peas from 1935 to 1940.
Randomized field plots in replica of eight were used to test insecticides on
broadcast peas. A small power duster having a new type hood that forced dust
at two sides of the plants before the aphids were dislodged was used on the
field plots. Results of the plot tests were based on counts of aphids made 4
days after treatment. The sampling method consisted of plucking 25 plant
tips at random from each plot, separating the tips and aphids by exposure to
fumes of methyl-isobutal-ketone in a sampling device, and counting the aphids
thus taken. Insecticides tested include rotenone, pyrethrins, nicotine, and Loro
(sodium laura] sulphate) in dusts, as well as a limited trial of atomized oil.
Other materials used in dusts include methyl-isobutal-ketone, dichlorethyl
ether, and cyanogas G. Conditioners used in dusts were various oils of plant,
animal, and mineral origin, wetting agents, and Grasselli activator 834A7. The
amount of dust applied per acre varied from 20 to 70 pounds. Dilution tests
of insecticides and conditioners were conducted.

Results of the trials indicate that a dust containing rotenone .75 per cent
and soyabean oil 3 per cent was the most efficient. A field test with atomized
oil indicated that it was no more effective than the rotenone-oil dust. Results
of tests with dusts containing .50 per cent, .75 per cent, and 1.0 per cent
rotenone indicate that the dust should contain at least .75 per cent rotenone.
Three per cent of oil in a dust was found to be most efficient. The oils tested
included one mineral oil, two oils of animal origin, and nine of plant origin. All
oils tested produced equivalent results except the mineral oil, pine oil, and cocoa-
nut oil. Any of the other oils tested (neatsfoot, fish, olive, eucalyptus, castor,
peanut, pennycress, soyabean, or cottonseed) are suggested for use, The most
efficient amount of dust to apply was found to be about 35 pounds per acre.
The new hood design increased the control by 14 per cent. A complete list of
the experimental formulae used is given. Yield records kept during the 1940
season on dusted and undusted portions of fields show an average increase of
277 pounds of cleaned seed for the dusted areas. The pea aphid may be con-
trolled on commercial plantings of peas grown on trellises or in home gardens
by sprays or dust with hand equipment.


