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ECONOMIC ASPECTS OF CHEMICAL APPLICATION BY
CUSTOM OPERATORS IN OREGON

CHAPTER I
IRTRODUCTION

EBach year, American agriculture loses billions of
dollars because of weeds, insects, and plant diseases.
These pests seriously interfere with mans' efforts to grow
useful plants. To combat this damsge, the agricultural
industry is furning more and more to the use of chemicals,
Chemical applications are being made both by farmers them-
selves and also by custom operators. The latter is in-
creasing rapidly, both by "ground" application and by
“"air" application of chemicals.

This thesis presents some of the economic aspects of
this popular method of combating agricultural pests in
Oregon through the employment of custom chemical appli-

cators.,.
MAGNITUDE OF PEST DAMAGE

The full extent of the pest damage to plants, because
of its nature, can only be estimated; yet even comservative
estimates result in a staggering total of from ten to
twelve billion dollars each year. This is highly signifi-
cant when it is compared with the 1955 total gross income
of farmers which ie quoted as 33,2 billion dollars
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(15, ps3). Vere it not for the various control measures
now being taken, the very existence of our intenaive type
agriculture would be seriously threatened, if not com—
pletely crippled.

Pest damage has inereased in geometriec provortions
with the increased intensification of farming. When farms
or farm coumunities were few and quite scattered, it was
more difficult for pesis to spread from one arsa to
another. In the case of insects and disease, the host
plants existed only in limited areas, 8o the spread was
slow. \Veed seed could not always compete effectively with
the natural plant associstions in an undisturbed or climax
condition, so their distribution was limited by the
natural wilderness that surrounded the early culiivated
aresas. As populations increased, more land was put into
production. In many places, vast acreages were planted
to the same crop, which created an ideal environment for
many of the erop pesits, and they spread rapidly throughout
the entire area. Until the turn of the century, pests of
one type or another were often the major limiting factor
in the production of speecific crops in a given area.

In order to understand more fully the seriousness of
the damage done by pests, i1t is necessary to consider
separately the three major groups of pests, namely weeds,

insects, and plant diseases.



Wee&s

Farm losses from weeds are much higher than is
generally recognigzed. The Chamber of Commerce of the
United States estimated in 1930 that the average farmer
in the country lost at least 450 dollars per year because
of weed damage (3, ps 4). We have‘fewer farmers today and
therefore the individual farm cost would be much larger.
Recent estimates indicate this loss nationally to be about
five billion dollars a year (1, p. 23), Every area in the
United States, used for agricultural purposes, has weed
problems of one kind or another. Oregon is no exception.

In 1948, in order to ascertain an approximate annual
cost of weeds in Oregon, a letter from thé College was
sent to the thirty-six County Agents in the State asking
for the best estimate of weed losses in their respective
counties. Twenty-one replies were received and the total
loss figure for those reporting counties approached seven
million dollars. Assuming this figure to be fairly close
to the actual loss in the twenty-one counties, the loss
for the thirty-six Oregon counties in 1948 might have
been nearly eleven million dollars {6, p. 914).

The general consensus of opinion was that these
figures represented a conservative estimate. A survey of
the United States Chamber of Commerce in 1937 put the

total weed loss in this country at between ten and fifteen



per cent of the total agricultural income from crops at
that time, If these percentages are representative of
the present time and are applied to Oregon, we would fin&
the loss due to weeds more in the order of forty to fifty
million dollars a year, rather than eleven million.

One of the more serious results of weed infestation
is their competition with crops for water, light, and
mineral nutrients. Some of the other major losses could
be summarized as follows: weeds contaminate agricultural
products; harbor insects and disease; cause additional
expense to the farmer in his efforts to control them; and
Jeopardize humen and animal health through allergies, hay
fever, asthma and internsl poisoning causing sickness and
death. In addition to the above, when farm land becomes
badly aantamima%&é with weeds, its capital velue may pe
greatly reduced, thus making it difficult to get ecredit

or to sell the faram.
Insects

Losses caused by all insects in the United States
add up to an alarming amount whether regarded in terms of
dollars, lost food and fiber, or time and materisls used
in combating them. That amount, in the opinion of ento-
mologiats, is a£ least four billion dollars for an average
year (8, pp. 141-147).

Every minute of the day and night billions af insects



are chewing, sucking, biting, and boring away at our
crops, livestock, timber, gardens, homes, mills, ware-
houses, and ourselves. The amount of damage théy do is
difficult to evaluate. Hany variable and complicating
factors are involved. Even the damesge by a specifie
insect to a specific crop differs from year to year, and
from one area to another.

Insects cause losses in many different ways. Infes-
tations reduce the yield of crops, lower their guality
and saleability, increase the cost of production and of
harvesting, and require outlays for materials, and equip~
ment to apply control measures. Special equipment and
work are required to remove effects of insects and of
spray residues from edible materials, or else those con-
taminated preoducts must be sorted outs Insects carry and
spread plant, animal, and human diseases. They cause
both direct and indirect losses in timber and its
products. Insect~killed trees reduce protection in water
shed areas, thereby exposing the areas to the danger of
erosion; they become fire hagards and in many ways detract
from the appearance of the land especially when it is
used for recreatlion purposes,

Because of changes in the damage done by insects from
year to year and place to place, there are no accurate
figures as to the amount of damage done each year iﬁ

Oregon. Assuming that insect damage in this state is
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relatively as important as it is nationally, the' loss for
Oregon might be eatimated at approximately forty million
dollars., This sum was derived by dividing the national
insect loss (four billion dollars) by the national weed
loss (five billion dollars) and determining that the
ingect loss was 80 per cent of the weed loss. Assuming
Oregon to be coumparable to the nation in proportion of
pest losses, if there is an estimated 50 million dollar
weed loss in Oregon, 80 per cent of that figure (40

million dollars) would represent the insect loss.
Plant Diseases

In the United States, the average annual loss from
plant diseases is estimated to be about three billion
dollars. Here again we have no way of establishing a
precise figure, and this one is based on many assumptions.
It could be well under, rather than over, the actual
amount (17, pps 1~10). Without the control measures now
in use, the loss would be much greater.

The seriousness of plant disease, howevér, is not
limited to the economic loss of the plant itself. Losses
cannot always be measured in terms of dollars and cents,
Plants manufacture the basic materials of life. The very
existance of animals and human beings depends on the
préducts of these living factories.

The losses from disease are directly atiributed to



the lowered efficiency or final breakdown in the plant's
function. Disease then will reduce the yleld and the
quality of the n»roduct for which we grow the plant.
Wilting, dieback, stunting, blighted or decayed produce,
or a deformed nroduct all represent losses to the farmer
from disease. Control procedures and material costs plus
increased handling costs to sort out the contaminated
product must also be included. The loss from all diseases
of all crops is estimated to be about ten per cent of the
total erop production. That is an average; some crops
suffer more from crop diseases than others.

In 1955 the total gross income in Oregon from ¢rops
was 230,352,000 dollars (16, pp. 44~45). If the ten per
cent national loss figures are representative of Oregon,
Oregon's loss would be about 26 million deollars annually
due to plant diseaces. This does not count the indirect
losses to the livestock industry as a result of damaged
erops and reduced forage production: If diseases had not
affected the crops the income might have been approxi-
mately 256 million dollars.

An essential featurse of all these losses caused by
the various pests, is that they deprive everybody, nol
just the farmers, of the products destroyed. The damage
and actual loss from pests in the United States is largely
overshadowed by our present vast surpluses of agricultural

products, and therefore it is difficult to interest the



nation as a whole in this potential threat to ifs food
supply. Individual farmers, however, are vitally con-
cerned because the difference between the contrclled pest
and the uncontrolled one is what may give him his margin
of profit or even keep him in business. The progressive
farmer now realizes that pest control has become a neces-

sary part of his farm management.
DEVELOPWENT OF CHEMICAL CONTROL MEASURES

Historically, pest control has probably been
practiced since the dawn of agriculture., Early attempts
at crop produetion must have been associated with weeding,
first perhaps by pulling, and later by hoeing and culti~
vation. Crop rotations and manipulations of planting
dates were practiced in trying to control weeds, insects,
and plant diseases.

Chemical applications to control pests developed very
slowly at first. As far as we know, common salt was the
first chemical used to control weeds. For many centuries
little or no work was done in produeing effective chemical
controls. The actual start of chemical control as we know
it came in 1850 with the advent of carbon bisulphide which,
if injected into the soil, would kill certain weedy plants.
In the years following, several basie chemicals such as
copper solutions, lime, lead arsenic, and sodium chlorate

gradually came into use to control weeds, insects, and



plant diseases.

The late l??ﬂ*a‘and early 40's marked a great mile~
stone in the battle with agricultural pests. The develop~
ment in 1938 of sinox, a selective weed killer, gave new
impetus to the field., During the second world war, ex-
tensive experiments on chemicals such as 2,4~D and DDT
were carried on with marked success. Even though the
government was looking for things primarily from a
military standpoint, the usefulness of such chemicals for
agricultural purposes could not be overlooked. From 1945
to the present, unprecedented strides have been made in
pest control work.

As new and more complicated pesticide formulations
were developed, the need arose for new and more adeguate
means to apply them. Methods of application have under-
gone continuous change since the first sprayers appeared
in the latter vpart of the 19th century. Farmers speedily
dropped hand apnlication methods and turned to improved
equipment for applying pesticides. Principal developments
included high pressure sprayers for tree fruits and nute,
low pressure or low gallonage sprayers and mechanical
dusters adapted primarily to fiaia erops, and the increased
use of airplanes for spraying and dusting. Attemptis were
made as early as 1918 to control insecte by dumping polison
dust from airplanes while flying over erops. By 1921
specially equipped airplanes had demonstrated their
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eftfectiveness for control of specific insect infestations.
The airplane has become such a useful tool in combating
pests that by 1952 more than five thousand were equipped
for that purpose and many more are being added each year
(9, pe. 252).

In view of the foregoing discussion, the importance
of pesticide control work should be self-evident. The
very rapid development and use of these chemicals by
farmers and commercial applicators points this out clearly.
Newer and more effective pesticides continually come into
use. With these new developments, acreages of farm crops
and farm land treated for pestis have expanded markedly.
Purchases of power sprayers and dusters in recent years
have been more than six times the average annual purchases
of the prior period (2, p. 1).

In an effort to learn the extent and cost of spraying
and dusting for control of crop insects and diseases and
for control of weeds and brush on farms, the Department
of Agriculture sent a questionaire to 23,500 voluntary
crop correspondents in all parts of the United States.

In reporting on the control of weeds and brush, these crop
correspondents supplied data concerning acreages of cornm
and principal small grains seeded on their farms for 1952
harvest. Included, also, was the acreage of pasture land,
and "all other crops and land" treated with herbicides.

They reported acreages treated with their own equipment
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and by custom operators in 1952. Information as to the
number of times each crop or land use was treated, total
cost of the herbicides applied with their own, borrowed,
or exchanged equipment, and amounts paid to custom oper-
ators were also reported. 7The same type of data was
obtained for the control of insects and diseases on various
other types of crops.

it shguld‘ba remembered that these results are esti-
mates extrapolated from a small sample and that the figures
are averages for fairly wide areas. OSome modifications
from semple indications were made after consultation with
specialists in different states. The data in Table 1
indicates the total acreages of all farm crops and farm
land sprayed or dusted for weeds, insects, and diseases in
1952.

These data show that in 1952, sixty million aeres
were treated at least once for pest control in the United
States. In the Pacific Coast States substantially more
than half of the spraying snd dusting was done by custonm
operators while in other regions most of the work was done
with the farmers' own equipment. In 1952, of the total
United States acreages sprayed or dusted, about sevenity
per cont was treated by farmers and thirty per cent by
cugton overators.

hsoreage gives only ome indication of the extent of

chemical work done. Another very meaningful measure is



All farm crops and farmland: Acreage sprayed or c¢usted for

Table 1.
control of weeds and brush and for insects and diseases, by
area, 1952.%
Area Acreage Times Acreage treated-once over bagis
_treated treated 3%“*armer Custom epplicators
1,000 acres " Number 1,000 acres 1,000 acres

Pooific States
United States

Pacific States
United States

Paeifie States
United States

Weeds and brush

4,668 1.19 2,740 2,796
31,101 1.08 22,890 10,660
Insects and disease
4,530 2435 4,393 6,234
23,002 2.86 59,114 23,886
Total spray and dust done
9,198 1.77 74133 9,030
60,103 1.94 82.004 34,546

¥ Extracted from USDA Statistical Bulletin No. 156, April 1955, Table 1, pp 4.

g1
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its cost stated in dollars and cents. Table II shows, for
each of the Pacific Coast States, a breakdown of spraying
and dusting costs for specifie purposes. It also shows a
comparison of the cosits of control measures on the vest
Coast with those of the United States.

Farmers in the United States are estimated to have
expended over 1352 million dollars for pesticide materials
they applied in 1952 with their own equipment. This
figure does not include costs of application and labor.
In addition, farmers paid custom opersators about 109
million dollars for spraying and dusting crops, and other
lands. Thus the total cost of materials applied with the
farmers' own equipment, plus charges Qf custom operators,
was about 241 million dollars. If the value of the
farmers' own time, and equipment is added to this figure,
it is estimated that the total cost of all the chemical
pest control work done in the United States in 1952 by
both the farmers themselves and cusiom operators, was
about 363 million dollars.t

There are no total figures available for an estimate
of the inereased income per dollur of control costs, yet
it is obvious farmers believed the figure would have to
be equal to or greater than the cost. Figures on grasa~-

hooper control indicate that the estimsted value of crops

1 It is assumed that 109 million dollars worth of com-
mercial pesticide work done in 1952 was approximately
thirty per cent of the total.



Table 2,

Cost of spraying and dusting, specifiled purposes,
by states, 1957.%

Aresa Cost of materi&l applie& Cost of materials and their
y £ , 23 1icatisn b3 eugt 31} ﬂerkara
Weed Total wee :
control digeage control diseage
1,000 ' 1,000 . , 000 1,000 5 000
dollars dollars dollars dollars dallara dollars
Washington 936 2,944 1,445 2,891 4,336
Oregon 784 3,091 1,333 1,249 2,582
California 4,737 15,547 4,205 29,&15 33,820
Pacific States 6,457 512 21,582 6,983 334755 40,738
United States 25,848 106,543 132,441 21,947 86,351 108,798

Fanmas o
Extracted from

USDA Stetistical Bulletin No. 156, April 1955, Table 1, PP. 5.

¥t
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saved by control measures in & sixteen year period (1934-
1950) ranged from about 54 million to about 176 million
dollars for the one pest (8, p. 142). On the basis of
these data it is estimated control measures for wéads,
diseases, and insects must save agriculture a sum in the

billions of dollars each years.

How this Siudy Developed

Interest in a research program to study commercial
chemical applications in this state started several years
ago. In Oregon eertain restrictions placed on custom
operators, were one of the factors making possible the
present study. Because of the types of materials used and
their various effects on plant and insect life, great care
nust be taken to use these chemicals properly. Iwo
general statements can be made in summarizing the Oregon
Herbieide Applicator law (10, p«5):

l. 7The custom applicator operating = business is
required by law to have a license, to register
equipment, and to hire only licensed applicators.

2., It is the responsibility of each applicator to
be sure his license is in good standing before
he makes any application of herbicides.

In addition to the herbicide law, there are other

restrictions placed on custom operators. Aerial operators

must meet certain requirements concerning registration and
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operation. These are restrictions concerning toxicity and
public health aspects of peatieides, and Oregon has an
economic poison law requiring all chemical materials sold
as pesticides to be properly labeled end directions given
for their use. The last two laws mentioned above are
summarized more fully in the appendix under titles of:
"Oregon Economic Poison Law"; and "The Miller Amendment".

The State Depariment of Agriculture has the responsi-
bility of licensing custom operators. To qualify, the
operator is required to take a written examination which
includes questions about characteristies of pesticides and
their effects on crops; methods of application; conditions,
timing and precautions in using the various chemicals; and
the laws, rules and regulations on pesticide applications.

To help the individual become familar with this
information and to present any new material of interest
and value, the State Department of Agriculture, in co=-
operation with Oregon State College, sponsors a short
course for all of the chemical applicators doing custom
work in Oregon. In 1953, the plarmming committee for the
Third Annual Oregon Agricultural Chemical Applicators'
Short Course discussed the need for an economic study on
chemical applications. Such a study, it was said might
tend to tone down the criticism of drift dswmage, show in
dollars and cents the net benefit per acre of chemical

applications, add to present knowledge of effectiveness
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of chemical applications, and might provide solid facts
for sound proposals by legislative committees.

This plamming committee, consisted of men from the
State Department of Agriculture, custom chemical appli-
eators, and Oregon 5State College staff members, suggested
that the college do some preliminary work to determine the
feasibility of a study of this kind. In the follewing two
years letters were sent to other states, chemical compa~
nies, and the commercial applicators to determine what was
being done elsewhere along this line, and ic obtain sug-
gestions as to methods and forms best adapted to a study
of this type. The finsl result was the development of a
work sheet which wes & practiczl business form for the
chemical applicator, and alsc a form which contained the
information needed for a ecomprehensive research study.

In the lster stages of development the college
received the active cooperation of several represeantatives
of the air and ground applicators, snd the finsl form was
approved by them and by representatives of the State
Department of Agriculture before it was priunted. The
project was then approved officially for a research study
at Cregon State College to begin on Warch 1, 1956.

The work form adopted consisted of onz sheet. There
were four copies. One copy was used ag a job order form,
another copy for billing the customer, one for a permanent

job record for the spplicator's files and future
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reference, and a fourth copy was for the purpose of
sending the information to the cocllege for computation and
study. The form, when completed properly, contalns a come
plete victure of the job. Crop treated, pest, chemlcal
znd its application rates and methods used, and the
charges for both‘the chemical and the application itself
were some of the mejor items included. An acthal work
form is included in the appendix, From the informetion
provided on these forms sent in voluntarily by & number
of the’commercial applicators, both ground and air, the

study was made.
Objectives of the Chemical Study

The objeetives of this study on economlc aspecis of
chemical application by custom operators in Qragﬂn were
as follows:

l. To determine the extent of chemical applications
(pest control and fertilizer) in Oregon by oper-
ators (both ground and air) engaged for hire.

2. To determine the total amount and kinds of
chemicals applied, ineluding rates per acre, to
what applied, and for what purposes.

%. To determine the method of application (spray or
dust) and the important circumstances surrounding
each application, such zs wind velocity, temper-

ature, month of application, size of jobs, and



nunber of fields.
To determine the commereial charges Tor all

foustom work Jobs'.

19
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CHAPTER II

METHODOLOGY AND DESCRIPTION OF STUDY AREA

The first step in this project was to develop a
practical worksheet for the use of chemical applicators
that would: (1) contain the necessary information for
their own records, (2) give the farmer clients a specific
record of what was ordered, and (3) provide the college
with the detailed data necessary for this study. This
development was explaiﬁed in the introduction.

A second necessary step was to obtain and compile
lists of pests, chemicels, and crops that are of importance
in Oregon. Three major groups of pests were to be con-
gidered; weeds, insects, and diseases, as they apply %o
erops, and other land use in the State.

The 1list of weeds was developed in close cooperation
with the Farm Crops Department at Oregon State College.
The plants included represented major probiams as wasda
in some area or areas of the State. The list was then
alphabetized, and each weed given a code number of ite own.,
A8 the study progressed, other weeds, on which commercial
work was done, were added to give as complete a picture of
the actual herbicide work done in Oregon as possible.

The College Entomology Department was the main source
of information in compiling the list of insects. The list
was formulated by putting the insects into main families
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such as beetles or mites, and then inecluding all those
specific varieties of consequence under the proper heading.
The listing was then put in alphabetical order, and each
species glven a code number.

Diseases were first listed and then coded under two
main groups, the fungl and the nematodes. The Depariment
of Botany and Plant Pathology at Oregon State College was
the main source of this informatione.

The determination of the erops and land used to in-
clude in the study presented some problems. Each category
had to be specific enough to accurately indicate what was
being done, yet general enough to inelude those crops or
land uses that were not specifically named by type or
variety. OCherries offer an excellent example of this.
sany times the variety was not listed and no designation
as to sweet or sour cherries was indicated. Since the
treatment was essentially the same for all types of
cherries, they were grouped and coded under the one head-
ing, "cherries®. i

The chemicals used as pesticides on agricultural
lands are many and varied. Not only are single chemicals
used but also meny combinstions of them. In this study,
primary concern has been given to single chemical appli-
cations, so in the coding process these single compounds
were alphabetically listed, using both the common or trade

names, and their chemical designation whenever possibles
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Provision was made, however, to include combinations of
two, three, and four chemicals in the tabulation of the
final data. Several profeseional publications were con-
sulted and help was obtained from the Agricultural
Chemistry Depariment at Oregon State College. Chemicals
in the form of fertilizers were arranged and coded sepa-
rafely according to the name of the fertilizer and not
conslidered as specific chemicals. They were classed as
a separate type of operation. This list was obtained from
the Soils Depariment of the College.

When compiling the classifications of pests, Jjust as
was done in crops, an all inclusive category was added
where ever pocsible in order to ineclude varieties of pesis
not specifically named. For example, some of the incoming
work forms listed the pests merely as “"weeds” or "grass".
Code numbers were set up for both of these classifications
but after discuseing this problem with the interested
departmente at the college, 1t was generally agreed that
their use would increase the value and extent of the
sample sufficiently to justify such procedures, This
occassional grouping of pests on the part of commercial
applicators, while not extensive, may point out a diffi-
culty of identifying specific species of pests. This was
particularily evident in the weed results.

Commencing early in the spring of 1956, nineteen

commercial applicators--nine “air" men and tean "ground”
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men, began keeping the proposed worksheet in order to
participate in the study. Approximately once a month,
each cooperating applicator, sent one copy of the com-
pleted worksheet for each job to the Department of Agri-
cultural Economiecs for summarizatien and analysis. Each
of these jobs or worksheets was then edited, coded, and
tabulated. Periodically this information was punched on
IBM cards. These cards were allowed to accumulate until
the end of the year when summary analyses were run.

During the entire year the Departments of Farm Crops,
Horticulture, Soils, Entomology, Botany and Plant rath-
ology, and Agricultursl Chemistry, including their

extension specialists, were of considerable help in
| answering many questions concerning the information con=-
tained on the worksheet. The State Department of Agri-
culture, at Salem, supplied & list of all licensed herbi-
cide applicators in Oregon, and cooperated in every way

in eneouraging participation in the study.
MAGNITUDE OF THE PRESENT STUDY

There are three ways of indicating the size of this
study. It can be measured in terms of total acres, total
jobs, and the total charges made for the work done (see
Pable 3). Ground and air applications were summarized
separately in an attempt to evaluate each of the methods

as a means of economie pest control, and so that results
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Summary of the work done in the chemical application study:
Number of jobs, total acres, average acreage per job, charge
per acre and total application charges for both ground and
gir by type of operation.

Type of Nos of Totel Acres Charge* Total appli.*
operation jobs acres per Jjob per acre gcharges
Air Application
Dusting 408 14,73%6 36,0 $ 2.26 $ 33,284
Spraying 927 60,330 €5.1 1.33 80,210
Fertilizing 218 21,244 95T7+4 1.46 30,961
Other 20 838 41.9 1.44 1,204
Total 1573 97,148 61.7 § 1.50 $145,659
Ground Application
Dusting 62 347 546 $ 3.02 $ 1,050
Spraying 587 10,273 17.5 1.99 20,397
Pertilizing 27 680 2542 2443 1,656
Other : — 101 33.71 2.14 216
Total 679 11,402 16.8 & 2.04 ¥ 23,319
Total Ground and Air Applications
Dusting 470 15,@83 32.0 § 2.28 ¥ 34, 334
Spraying 1514 70,603 46.6 1.42 100,607
Fertilizing 245 21,603 89.5 1.49 32,61?
Other 23 939 40.8 1.51 1,420
Total 2252 108,549 48.2 $ 1.56 $168,978

¥ Application charge does not include chemical CRATZES.
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of one or the other, would not influence unduely, the
final analysis.

4s indicated in Table 3, a total of 108,549 acres
were included in this study. Of this total, air appli-
cations contributed 97,148 acres or sbout ninety per cent
of the acreage, but only seventy per cent of the jobs.
This is because the average gize of the air jobs was 61.7
acres compared to 16.8 acres for ground jobs. This
extreme difference in the size of Jjobs between “air” and
"ground" is quite important snd as will be shown later,
the size of jobs done by the two groups has undoubtedly
affected the per acre charges for application. Aﬁva
general rule, the smaller the job, the higher the charges.
This is illustrated by the difference in the average
charge per acre at $2.04 for ground work as compared to
$1.50 for air,

For both ground and air, spraying was much more im-
portant than dusting. In this connection 1t 1s perhaps
significant that the charges for spray applications per
acre were substantially lower than for dust. Pertilizing,
gseeding and combinations of various operations represented
only a small portion of the total sample. The per acre
charges for these were slightly higher than epraying, yet
congiderably less than for dusting.
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DETERMINING THE RESPRESENTATIVENESS OF THE SANMPLE

To determine the representativeness of the sample,
it was first necessary to obtain an estimate of the total
anount of commerecial pestieide work done in Uregon. This
wag done through cooperation with the State Department of
Agriculture. At the suggestion of the College, the 3tate
Department sent a gquestionaire to each licensed herbiaiée
applicator operating in this State. Theag}applieaﬁers
were asked to estim&te'ﬁhe acreage of commercial work done
by them in 1556, and to separate the three application
operations of spraying, dusting and fertilising. HMany of
the licensed applicators were employees of other indi-
viduals or companies. To avoid duplication of acreage
reports, the survey was so worded as to indicate the
relation of each to a commercial business. The breakdown
wag for four groups. They were owner-applicator, pariner-
ships, managers of businesses, and employeses. In this way
accurate estimates of the work done by commercial chemieal
businesses were obtained without duplications. The
results of the State Departments' survey are shown in
Table 4.

Becauge the response of the applicators was not one
hundred’per cent, even after second and third reminders,
the State Department of Agriculture estimated the acreage

done by those applicators who did not reply. The Division



Table 4. Estimated total aecres of commercial chemical applications by
licensed herbicide operators in Oregon, in 1956, compared to
the acreage included in this study.

Type of State Department Corrected 05C Per cent of the
operation of Agriculture State Department study total acreage

, survey estimate _ in OSC study

{acres) {acres) (acres)

Dusting 80,868 80,868 15,083 18&&%
Spraying 347,960 423,410 70,603 16.7%
Fertilizing

aﬁa - o o
Other 63,796 69,296 22,863 33.9%

Total

592,624 573,574 108,549 18.9%

Le
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of Plant Industry, State Department of Agriculture,
through its supervisor in charge of the limenaiﬁg of
herbicide applicators has very close contact with their
work and was in a good position to estimate ascreages of
commercial work done by them. Column three in Table 4
indicates the connected estimates of the total acreage
treated by herbicide licensed operators in Oregons
Although these Tigures are estimated, they represent the
best data available for 1956. PFrom the data in Table 4,
it would appear that the present study includes about 19
per cent of the total dusting work done, and about 33 per
cent of the total fertilizer applications. Of the 573,574
acres commercially treated in Oregon in 1956, 108,549
acres or approximately 19 per cent were included in the
sample. Actual ghamiaal work, a8 it is considered here,
consisting of the sum of all spray and dust operations,

constitutes a 17 per cent sanmple.
AGRICULTURAYL AREAS SAMVLES IN CUHEGON

The commercial chemical sample was obtained in
several different areas of the State as is shown in Figure
1. ZEHach dot represents 250 acres or some part thereof,
Acreage was used, rather than the number of jobs, because
of the wide variation in job sizes from one area to
anothers,

Twenty of Oregon'’s thirty six counties are
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represented in the chemical application study data. Total
acreages treated in the various counties ranged from a low
of sixty acres in Lincoln, to a high of nearly nineteen
thousand acres in Umatilla County. BMajor agricultursl
areas represented in the study were the Willamette Valley,
Columbia Basin, Central Oregon Counties, and the Bnake
fiver Basin. These widely separated agricultural areas
of the State are subject to very different environmental
influences, and are adapted to gquite dis~similar types of
farming. The results obtained in this study show the
effects of a changing enviromment, and type of agriculture
on the demand and use of chemicals for pest control. The
four major areas covered in the study are briefly de-

soribed below.
Willamette Valley

The Willamette Valley, rumning north and south in the
State, lies between the Cascade mountains on the east, and
the Coast Hange of mountains on the west., It is a com~
binstion of green valleys and timbered hills. The soill
is very productive, the c¢climate mild, the growing season
long, and as a result, agriculture is diversified,
Intensified and speeiality crops are important. Hajor
crops are frult and auts, vegetables, and grass and legume
seed crops., Host of the commercial work in the valley

was done in Yamhill, Marian, Linn and Benton counties.



31
The work done by tﬁesé four comprised one third of the
total sample.

As indicated previously, this study of commercial
application of cheuwiecals includes treatments to control
insects, weeds, and plant diseases. Table 5 presents a
breakdown of all custom work done in each county by the
type of pest treated.

Several interesting facts become apparent when con-
gidering the data in this Table. Twe of the counties,
Benton and Linn were almost entirely serviced from the air,
while Yamhill and Marian counties received a substantlal
amount of both air and ground applications. Due to the
intensive type of farming, the Willamette Valley counties
had the smallest job size average of any of the areas
included in the sample. Another interesting feature was
that most of the disease control treatments reported took
place in the Valley. Probably this was because intensive
or speciality crops are subject to a larger variety of

diseasges,
Columbia Basin

The Columbia Basin runs east and west and is adjacent
to the Colwnbia River in the extreme north central part
of the States The ares consists almost entirely of dry
land farwing and range cattle production. Wheat and peas

are the major crops. Umatilla led all other counties in
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acreage treated with nearly 19,000 acres. Shermsn County
was second with 12,000 acres of wmostly herbicide work.
Commercial chemicsl applications made by air for weed
control are extremely importent in the dry land farming
areas because weeds compete direetly with crops for

moisfture.
Snake River

ihe Snake River Basin is located in the northeast
corner of the State with the Snake River forming its
eastern boundary. The area recsdives limited rainfell,
and is subject to freezing weather any mcnth. Agriculture
is of the ex%énaiva type with livestock production,
alfalfa, and wheat the major enterprises. Host of the
vwork in this areas was for weed control. Herbicide appli-

cation to wheat in Wallowa County was most important.
Central Oregon

The Central Oregon Counties lie just south of the
Columbia Basin in the centrzl section of Oregon. This
ares has a hot, dry elimate during the growing season, and
is subject to extremely cold temperatures in winters. Dry-
land ferming and r&néhing are intersperced with irrigation
projects., Within these projects, ladino, red and alsike
clover seed produetion, alfaelfa and potatoes are the im—

portant crops. Wheat and livestock production predominate
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in the dryland asreas. A1l of the chemical work was done

by air.
SUMBARY OF CCURTY WORK
VWeed Control

Chemical weed conitrol eonstituted 90 per cent of the
ground and 54 per cent of the commercial air applications
included in this study. Counties receiving the greatest
amount of herbicide treatments were Sherman, Umatilla,
Jefferson, Yamhill, and Wallowa. These five countiles
represent four of the major agricultural areas of the
State, namely, the Columbia Basin, Central Oregon, Wil-
lamette Valley, and the Snake River Basin. Because of
this, nearly every condition and environment was repre-
sented in the data.

Most weed control applications represented spray
work, but there was a small acreage treated farvsoil
sterilization purposes using a granular formulation
rather than some other form of application (see appendix
for formulation types). The main reason for spraying is
the method of chemical absorbtion by the plant. This will
be explained when considering factors influencing the

effectiveness of chemical applications.



‘Table 5. Summary by county: Total acres treated in each pes class by
the type of operation done and by ground end air applicatiom.

County Operation

pplicat gres ot
Ho. of Total No. of nsects Weeds Diseases No. of
Jobs acres _ jobs ; , — . Jjobs
Benton Dusting 13 301 13 291 ~ : 10
Spraying 197 8,615 196 4,409 3,997 - 207 1 2
Pertilizing 50 3,309 ' .
Other 12 895 82 , i ,
Total 278 12,818 210 4,700 4,079 217 1 2
Clackamas Dusting 2 18 1 15 1 3
Spraying 48 716 48 34 682
Fertilizing R X R , , . ‘
Total 63 826 1 15 ' 49 37 682
Columbie Spraying 11 56 11 33 23
Deschutes Spraying 3 381 8 381
Gilliam Fertilizing 2 2,140
Jackson Dusting 2 8 2 : 8
Spraying 52 . ...358 52 A7 942
Total 54 367 54 17 S50
Jefferson ‘Dusting 17 443 17 443 | '
Spraying 281 13,192 281 7,634 5,376 182
Fertilizing 8 ... 935 ;

Total 328 14,570 298 8,077 5,396 182



Table 5. (cont.)

County Operation Total application Al
No. of Total No. of
, , ; ‘ Jobs __ secres Jobs ‘ —
Lane Pusting 13 205 13 1986 10
Spraying o8 5,660 98 2,821 474 264
Fertilizing 1z 847 ‘ .
Other 30 , , , ;
Total 124 4,642 111 35,016 474 274
Lincoln Other 1 &0
Linn busting 14 330 14 - 322 8
V Spraying 73 . 3,186 69 1,020 2,080 4 85
Fertilizing 78 6,186
Other Y 120 ,
Total 169 9,822 85 1,342 2,080 8 4 85
Marian Dusting ‘ 81 4,482 8l 3,981 ~ 501
Spraylng 79 1,904 17 232 3l6 62 42 1,318
Fertilizing 17 945 ,
Other A . , , , ,
Total 178 7,446 98 4,213 316 501 62 42 1,315
Multnomah Dusting 8 118 5 lol 4 B 4
Sprayling 40 318 40 318
Fertilizing —2 18 — ‘ , —
Total 51 454 5 101 44 17 318
Polk Dusting 5 85 5 75 | 10
Spraying 28 1,237 A7 928 150 , ) 158
Fertilizing AL 701 ,

Total 38 2,023 22 1,003 150 10 53 ‘ 158



58

Table 5. (vont.)

- County Operation Totel application
- No. of Total . of
jobs  soves  Jobs

Sherman Spraying 58 11,801 58 S+ 11,80
~ Fertillzing 3 228 ; ,
Total 61 12,029 58 11,801
Umatilla Dusting 75 1,400 75 1,280
Spraying 94 11,517 94 1,187 10,330
Fertilizing 17 5,936 |
Other 1 120 —
Total 188 18,973 169 2,467 10,330
Union Dusting 1 78 1 78
Spraying — 430 - _ 430
Potal 2 508 o8 430 78
wallowa Spraying 78 5,003 78 481 4,528
washington Dusting 66 850 13 342 214 53 258 | 36
Spraying 142 2,245 2 48 | 164 2,033
Fertilizing 2 é b —— ; , . —
Total 210 3,101 15 342 48 214 193 422 2,083 36

Wasoo Spraying 1 300 1 300



Table 5. {cont.)
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County Operation T@tal application

Ho. of Total
- __ jobs acres
Yamhill Pusting 170 6,751 169 5,983 788 i 10
Spraying 229 5,328 1l 547 82 218 74 4,609
Fertilizing 8 581
Other S, 110 ; 2
Total 410 12,754 180 6,500 g2 788 280 B84 4,619
State of Oregon* |
¢rand Total 2,244 108,073 1,334 32,259 40,378 8,271 643 653 5,585 36

¥ HEIght Jobs Inoluding 476 acres done in Washington State are mot included in the county summary.
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Insect Control

Application of chemicals for insect control comprised
the other major segment of the chemical data. Thirty |
three thausand acres of crops or land uses were treated
for various insect pests. All but 650 acres was covered
by "air". Purthermore, fourteen of the twenty counties
were represented. Jefferson, Yamhill, Benton, Marion and
Lene counties had the greatest acreage treated. Of the
five, four were in the Willamette Valley, the other being
in the Madras irrigation project of Jefferson County in
Central Oregon. This indicates that in areas growing
fruits, nuts, vegetables and various seed crops, insect
control is more necessary than for ent&rpriaeﬁ’as grain
and livestock production. In other words, fruits and

vegetables are more subject to insect damage than is wheat.

Diseasge Control

Chemical application for the control of plant
.diae&ses was a very minor portion of the study. The
"diaeassﬁ sample contsined 2,307 acres or only about
three per ceni of all the chemiecal work done. lLeading
counties were Yamhill, Marion, Lane, Washington and
Benton, all of which are in the Willamette Valley., Only
nine of the twenty counties had applications for this type

of pest. All disease treatments were done by air except



39
in Waghington County where both ground and ailr applications
were made, Three fourths of the disease control treatments
were in the form of dust, the remalinder being applied as a

3pray.
Fertilizer and Other Work

While not actually part of the chemical study, ferti-
liger and "other" work contributed 268 Jobs and 22,901
acres or 20 per cent of the total sample of commercial
work done in Cregon., This indicetes the importance of
this type of work to the commercial applicator. Leading
counties were Linn, Umatills, Benton, bnd Gilliam. 3Both
7illamette Valley and Bastern Oregon dryland farming areas
were represenied. Nearly all of the fertiliser jobs were
done from the air in a dust or:granulateﬁ forms Thirteen
counties were reported as having some fertilizer work
done.

“Sther work" consisted of seeding or combinations of
two jobs done at the same time. IExamples are fertilizing
and dusting, or fertilizing and seeding. Only five
counties had work of this kind and the acreage was of

1ittle consequence in relation to the total study.
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CHAPTER IIX

CROPS AND LAND USES IRCLUDED IN THE CHEMICAL STUDY

Oregon produces a great variety of erops under many
different eﬁviranmﬁntal conditions. There are semi~
deserts in Eastern Uregon with their sharp temperature
variations and short growing seasons and at the other
extreme there is the coastal region with its wvery high
rainfall and long growing season. In between lies a
fertile valley with a moderate temperature and long
growing season. BEach has crops that are well adapted fo
its peculiar conditions. évery ¢rop has at least one
pest, and probably many, which can lower its production
and reduce the quality of the product. To meet this
problem, farmers are turniﬁg to chemicals for pest
controls {Ume of the purposes of this study was to find
out which crops are being treated chemically and for what
pesty.

The erop code list prepared for the chemical study
consisted of 84 categories showing specifically, the major
agricultural crops, and showing, in groups, the erops of
lesser importance, In addition, the major land uses were
also listed. The entire crop and land use code list is
included in the appendix. 1In the study sample, 54 of the
84 categories were represented as receiving some type of

commereial treatment.
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In this chapter all those erops or land uses on which
custom work was done will be considered by the type of
operation §arforma&‘ The breakdown includes dusting,
spraying, fertilizing and "other"., In addition to a
general presentation of all commercial work done, ten
representative crops of different types have been selected
for individual summary of the aetual pests for which
chemical controls were applied. For these selected crops,
the economic feasibility of control wmeasures will be
shown q; determining the amount of increased production
needed to pay for the chemical and its application.

CONSIDERATION OF CROPS ABD LANWD USE
BY TYPES OF OPERATION

This discussion will be presented in the following
order. The first operation to be considered will be dust-
ing, followed by spraying, fertilisming and "other." As a
further breakdown, air and ground applications will be
kept separate. This information will be summariged first
by seleeting and discussing the more important erops or
land uses to which applications were made., This will be
followed by a presentation and comparison of all the
dusting work done.

In like manner the spraying operation will be con-
sidered, followed by a short discussion of "fertilizing”

and "other".
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Dusting EFrom The Air

. Aerial applications of dusts contributed 14,736 acres
or about 87 per cent of the total dusting work. A total
of 408 jobs were done on thirty different crops or land
uses. These applications were almost entirely for insect
and disease control. Thos crops receivihg the greatest
amount of custom work are listed in Table 6.

Table 6. Summary of the leading crops dusted by air:

Number of jobs, total acres, average job
size, and average per acre applicatiocn

charges.*
Crop or Ho. of Total Ave. scres Applis char.
land use obs __acres per lob per aere
Canning peas 88 3,590 40.8 B 2443
Veteh 70 2,132 3045 1489
Field peas 64 1,460 22.8 1.91
Snap beans 51 1,875 3648 . 2+46
Cherries 30 1,016 3348 2477
All others 105 4,664 444 — 2821
Total 408 14,736 3641 - § 2.26
* o 5 o

This data is extracted from Table 8.

Canning peas received the most custom applications
having %,590 acres chemically treated. Gabﬁaga and cauli-
flower (Table 8) had the least, with six acres each. The
three ieading crops, canning peas, vetech, and field peas,
all legumes, were treated for the same type of insect--
the weevil. These three orops had half of the total

acreage dusted by air.
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The sverage size of job flown by the crop dusters was
3641 acres. The range was from six acres to 202 acres.
The application charge ranged from $1.47 per acre on
onions to $5.00 for cabbage. For the entire aerial

dusting work, $2.26 Waa the average application charge.
Dueting From The Ground

Very little dusting work wsas done with ground equip-—
wment. Sixty-two jobs were required to freat 347 acres.
Sixty jobs were om tree fruits and nuts, the other two
being listed under "other" uses. Filberts was the only
crop on which any subatantial work was done and its
relative importance is shown in Table 7.

Table 7. Summary of important dust applications by

ground rigs: Humber of jobs, total acres,
job size and average per acre application

charges.*
Crop or Nos of Total &V@a acres Appli. char.
land use dobs acres r Job
Filberts 43 268
411 others 19 19
Total 62 347

Dy

This data is extracted from Table Bs

The average size of the dusting Jobs done by ground
operators was very small. For all the ground work done,
the average size of job was 5.6 amcres, ranging from 1.1

to 8.2 acres (Table 8). Charges for application averaged
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$3.02, ranging from $1.67 to $54.62 per acre. In Table 7
it will be noted that the average appliqation,charge for
"all others" was §5.78 per acre. This relatively high
figure was influenced by the inclusion of such expensive
“"per acre" Jjobs as city lawns, school grounds, fence rows,
right of ways, irrigation ditoches, and so forth. Such

Jjobs were classified ag "other usea”.

Adr And Ground Dusting Operations Compared

s

It is alwost impossible to make significant compari-
sons between dusting jobs done by air and ground appli-
cators. This ie true becsuse as indicated in Table 8 very
few crops were dusted to any extent by both means. Some
comparisons can be made however on those crops that had
work done by both. Tazble 8 presents comparative data for
dusting jobs done on cherries, prunes and filberts by both
air and ground aperator%;v

It is significant to note that on the averagey ground
dusting application was cheaper, This is a complete
reversal of the usual situation, and perhaps explains why

most of the orchard work was done by ground operators.

o
Spraying .

This study ineluded 108,549 total acres of commercial
work. Sixty-five per cent (70,603), comprising forty-five

of the 54 different erops and land uses, were treated



Tahle 8.

Summary of all chemical work done by crop and land use:
Number of jobs, total aecres, average acres per job and
average application charge for ground and air dusting
and spraying.

Ground application

Air application

Crop or RKo. of Total Ave. acres Ave. appls NOs OF  10tal AVE. GOTES AVe. BDpLs
land use jobs acres  pexr job charge jobs aeres  per job charge
. per acgre per acre
Dusting
Alfalfa 4 354.0 88.5 2412
Clover 6 9840 16.3 1.50
Field peas 64 1459.5 22.8 1.91
Vetch 70 213240 3045 1.89
Other ;
grasses 3 149.5 49.8 2+41
Root crops 2 36,0 18.0 1450
Peppermint 5 506.0 101.2 2455
Hops 6 180.0 3040 1.50
Other speciality ,
field and drug crops 1 40.0 40.0 250
Peaches 3 14' «U 407 2400
Prunes and
plums 4 3%.0 8.2 1.67 2 22.0 11.0 1.91
Other tree ,
fruits 4 445 1.1 4.44
Filberts
and
hazelnuts 43 268.5 6.2 177 T 126.0 18.0 2.37

av



Table 8. (cont.)

Ground application Alr application

Crop or No. of Total Ave, acres Aves. apple 1Ho. Of  Total Ave. acres Aves &ppls
land use . Jobs acres  per job charge jobs acres per job charge
per acre ‘ per acre
Blackberries
(t&mﬂ} 3 27.0 9.0 2.93
Strawberries 2% 979.0 42.6 230
Uther small ;
Beans 51 1875.0 36.8 2446
Beets 1 15.0 15.0 2467
Cabbage 1 6.0 6.0 5.00
Carrots 1 12.0 12.0 3475
Cauliflower 1 6.0 6.0 1.67
Corn (green) 1 35.0 35.0 2.00
Unions 1 19.0 19.0 1.47
Peas 88 359045 40.8 2443
Potatoes 24 1505.5 627 2409
Rhubarb 2 131.5 65.8 2.09
Other vege-
tables 3 103.0 3443 2.83
Hursery
crops 1 13.0 19,0 4.11
Flower bulbs,
corms, and .
seads : 2 * 46«: 4] 20.0 2 55
Other uses 2 T8 349 54,62 1 8.0 8.0 3 .25
Combinations of o :
different erops , ; 1 202 40 20240 2400
Total 62 3473 546 3.02 408 14,73%6.0 36.1 2426

N
o




fable 8. (cont.)

JGround application N Alyr application
Crop or  Hos of Total AVe. SCTres AvVes apDi. Noe. OF Total AVEs ACres Aves BDDLe
land use jobs acres per Job charge Jobs acres  per Jjob charge
‘ ner acre : , per acre
Spraying
Barley 55 902.6  16.4 1.25 29 2663,2 91.8 1.17
Corn 21 317.9 15.1 2415 2 302.0 151.0 1.13
Oats 37 490.2 13.2 1.12 8 22642 28.3 1.26
Wheat 50 6713  13.4 1.69 151 26,194.5 173.5 1.11
Grain Hix—
- tures 15 461.5  30.8 1.29 14 1,88%.0 134.5 1.16

Uther v

graing 83 1814.6  21.9 1.28 1 170 17.0
Clover 27 3744 13.9 1.96 92 24101.0 32 8 1.83%
Field peas 2 32.0 1640 272 67 1,531.5 22.9 1.49
Yetch 160 6,69045 41.8 1e46
Other legumes 1 35..0 35 0 1.74
Bentgrass 5 268.9 89.6 1.54 3 435.0 145.0 1.00
Bluegrass 1 546 5.6 1.96 5 102.0 20.4 1.54
Fegcue 8 159.0 19.9 1.75 18 1,269.0 T0+5 1.12
Other

grasses 3 85.1  28.4 2.12 3 9240 3047 1.54
Koot crops 4 122.0 30.5 2.25
Pastures ;

usually L

cultivated 5 STe1  Aled 192 1 194.0 194.0 1.25

Ly



Table 8. {(conte)

Ground application

Alr application

Crop or KNo. of  dotal Ave, seres AvVes 80DLe  Hos OF  Total AVE. GCTESB AVE. APpLe
land use jobs acres per job charge jobs acres  per job charge
| DEY acre peEr acre

Idle land

Summer .

fallow 21 145.2 6.9 2.01 14 1,490.0 106.4 1.11
Peppermint 11 485.0 44.1 2.04

Sugar- beets 1 14,0 14.0 1.50
Other specialty ~
field and drug

erops 6 148.0  24.7 250
Cherries 1 12.0 12.0 200

Prunes and

plunms 1 22.0 22.0 4.55

Gther tree

fruits 2 T+5 3.8 200
Filberts and

hazelnuts 2 23.0 11.5 157

Cranberries 1 120.0 12040 450
Strawberries 61 618.2 10.1 3495 1 40.0  40.0 2.38
Agparagus 1l 17.0 17.0 2.76

Beans 28 1,038.3  37.1 2.27 5 53.0 10.6 1.72
Beets 2 30,0 1540 4.07 17 409.0 24.1 2433
Cabbage 2 28.0 14.0 2450
Corn {green) % 1,382.4 38.4 2.17 8 527.0  65.9 1.42
Peas : 5 147.5  29.5 2.92 76 2,425.0 31.9 1.94
Spinich 1 9.0 .0 2422 ' :

ey



Table 8. (conts)

. Ground application — . Air apnlication ,
Crop or  No. of Total Ave. acres Ave. apol. Hoe of Total Ave. acres Ave. apnle.
land use jobs acres per job charge jobs acres per job charge
Der aere / ner acre
Other vege- ‘
tables 8 8045 10.1 224
Hursery
erops 1 1.5 1.5 2«00
Permanent :
pasture 16 133%.0 8.3 2435 1 ’ 7.0 T+0 1.00
Rangeland 1 2.0 2.0 5400 13 920.0 7048 1.47
Other uses 61 228.6 3T 554 5 81.0  16.2 le74
Combinations of
different crops 15 B8Y91.5 59«4 L.75
Total 587 = 10,272.8 17.5 1.59 927 60,3%0.3 651 1333
Dust and
Spray
Total 640

1{3,62@:1 16¢5 2&@2 l;j§3§ ?51{}66«3 56'2 1’51

6V
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with spray. Spraying was the most impertant way of apply-
ing pesticides for several reasons.

(1) Spraying is cheaper than dusting. Disregarding
the fact that different chemicals may have been used, the
overall per acre charge was substantially lower if appli-
cation was made by the spraying operation. The average
per acre charge for spray aspplication was $§l.42 as con-
trasted with the average dusting charge of §2.28 per acre.
Chemicals are produced for pesticide work primarily in two
forms« (&) as a dusty and (b) as a liquid concentrate or
wettable powder to be used as a spray. When dusts are
used, the concentrated chemical is mixed in a "earrier
material® such as tale. The cost of the dust therefore
ineludes not only the cost of the concentrate itself but
also the cost of the tales Still more important the
transportation cost of all this material must be paid from
the point of purchase. On the other hend, for spray
purposes the concentrated chemical may be purchased with~
out this additional expense since water can be added any
time.

(2) Spray may be applied under a wider set of con-
ditions., Dusts are much more wvolatile than sprays. lany
times spraying can be done under conditions that would be
too windy for duste

(3) Sprays have a longer residual effect, a eritical

factor in controlling some pests.
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Aerial Application of Sprays

Sprays from the air were applied to 34 ﬁifferéﬁt
crops and land uses, covering sixiy thausahd seres in
several parts of Cregon. Leading crops are shown in
Table 9.

Table 9. Summary of leading crops treated by aerial
. application of sprays: Humber of jobs,

total aecres, average size of job and
average charge of application per acre.¥

Major Hos of Total Ave. acres Ave. appli.

Wheat 151 26,194 173.5 $ 1.1
Vetch 160 6«690 41,8 1.46
Potatoes 147 5,627 38,3 1.76
Clover 92 2,101 22.8 1.83
Field peas 67 17532 22,9 149
A1l other 310 18,186 __58.6 _1.39

Total 827 60,330 65.1 $ 1.33

¥ Tnis data extracted from Table 8.
*% Avplication charges do not include charges far chemical.
Wheat received more chemical application than any
other single crop in the study. The serial applications
of spray to this ecrop constituted 24 per cent of the total
acreage for the entire sample. Host of the wheat acreage
was in Central and Bastern Uregon, as the large average
job size would indicate. The other leading crops show a
preponderance of legumes, namely vetch, field peas and
clover,

The range in the size of job varied from seven to 194
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acres. For all the custom spray work done by air the
average size of job was 65.1 acres. The average charge
for applying the chemicals was #1.33 per acre. Charges
for specific crops varied depending on the crop or land
use. The charge was $0.94 to treat alfalfa (Table 8),

while for cranberries, it was §4.50 per acre.

Ground Application of Sprays

Spray applications, by ground rigs, were made on 34
different crops or land uses. Over ten thousand acres
were covered in 587 jobs (Table 10). The majority of the
ground work was done in the Willamette Valley where
smaller acreages and intensified crop production allow
ground men to compete more effectively with the commercial
air men, The leading crope sprayed are entirely different
from those sprayed by "air®. This can be seen by com~
paring.Tables 9 and 10.
| In Table 10, the designation "other" grains includes
all grains except barley, corn, ocats, rye and wheat. In
addition, when the applicators sent in worksheets which
listed "grain" as a crop, but no designation as to the
variety, it too was included in the "other" grain cate-
gory. The term, "other" uses was explained in the section
on dust applications. This type was usually quite small

with several jobs being less than an acre.



53

Table 10. Summsry of leading crops or land uses sprayed
from the ground: Number of jobs, total acres
average Jjob size and average application
charge per agre.* .

Hajor erops No. of Total  Average Average
Jobs acres job size application

, , T . gharge*¥
"Other' grains 83 1,815 21.9 5 1.28
Strawberries 61 618 10.1 2495
"Other® uses 61 229 3T 5«54
Barley 55 903 16.4 1.25
itheat 50 671 13.4 1.68
All other 277 ....56,038 21e8 . 2.00
Total 587 . 10,273 175 $ 1.99

¥ This data extracted from Table 8.

** Application charges do not include charges for chemical.
The average size of job for the ground spraying work

wag 17.5 acres. The range was from 1.5 to 89.4 acres.

The average application charge was $1.99 per acre.

ﬁainuts were treated for an average of §1.09 per acre and

the "other" uses charge was $5.54 an acre for application.

Ground and Alr Spraying Compared

Ground and air spray applications can be compared by
considering the crops that were treated by both methods.
Table 8 is set up to show the same data for both "ground"
and "air" on specifie erops, and by method of appliecation.
The combined summary of sll ground and air treatments done
on all crops and land uses is presented in the appendix.

Nearly all the legume and grass spray work was done
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from the air, with the exception of clover treatments
which were done by both methods. All the work on tree
fruits and nuts was done from the ground. HMost of the
remaining types of crops and land uses had both alr ond

ground applications.

Fertiliger

The commerecial appliaatien of fertilizers has become
an important pert of the overall business of many of the
custom operators so is included in the chemical study.
Since it is not a chemical in the same sense as are pesti-
cides, a special section has been devoted to its Ferti-
lizer work has been summarized as to the crops on which
it was used (Table 11).

Wheat and ryegrass received 80 per cent of the total
fertilizer applications. This was done entirely by aerial
methods. Strawberries was the major erop fertilized with
ground equipment., The averuge charge per acre for ground
fertilization was $2.43, the average size of job, 25.2
acres., For serial fertiliging, the average charge was
$1.46 an acre and the job size, 97.4 acres. It is perhaps
significant that the charge for applying fertilizer was
usually substantially less than for applying dusts, =

similar type of work.



Pable 1l.

Sumnary of all
and land use:
acres per Job,

ground and ailr

fertilizer and "other" work done by crop

Number of jobs, total acres, average
and average application charge for

applications.

Greuaa application

Air applieation

Crop or Koe. © Total Ave. acres Aves &pple Noe Oof  Total Ave. acres AVe. apple
land use  jobs acres per job ¢harge Jobs acres per job charge
per acre : , per acre
Fertilizing

Oats 1 T+5 Te S 1.47
fheat 25 7,862.0 224.6 0.95
Gram

mixtures 4 37845 94.6 1.15
Other '

grains 3 81.0 270 1.43
Alfalfa 1 9.0 3.0 2.22
Clover 3 133.5 4445 1.65
Yetﬂh 1 56»&6 51();{} 1;24
Bluegrass 4 87.0 21.8 1.49
Pescue 5 610.0 122.0 1.37
Ryegrass 135  10,560.5 8.2 1.86
Other -

grasses 2 150.0 75.0 2.51
Pastures 6 211.0 3542 1443
Idle land 6 T71.0  128.5 1.06
Peppermint 2 48.0 24.0 1.60
Other tree

frults 1 14.0 14.0 1.71

14



Table 11. (cont.)

‘ Ground gpplieation » 4ir application
Crop or Hoe of Total Ave. acres Ave. appl. Ro. 0Ff  Total AvVes acres AvVe. apple
land use Jjobs acres per job charge - jobs acres pexr job charge
per acre _ , per acre

Filberts

and
ﬁaze inuts L ha 5 4 . 5 2 a44
Strawberries 25 - 668.4 26.7 2.43
Beans 2 32.0 16.0 1.72
Beats ’ 2 123.0 61.5 1.10
Potatoes 1 T+5 Te5 2.9% 2 235 11.8 0.34
Other uses 1_ _310.0 10.0 1.80

Total 27 680.4 25.2 2443 218 21,243.5 97 .4 1.46

Other
(Seeding)

Clover 1 - 120.0 12040 1.00
Ryegrass 10 383.0 5843 1.34
Other grasses 3 80.0 2647 1.61
Permanent

pasture ‘

(non-tillable) 1 60.0 60.0 2.00

Total 15 643.0 4249 1.37

96



Pable 1l. {(cont.)

- _Ground application __Alyr application
Crop or Ho. of  Total Ave. acres Aave. appls. To. of Total Ave. acres Ave. appl.
land use jobs acres per job charge jobs acres  per job charge
per acre ; per acre
Cther
(Fertilizing asnd Seeding) |
Clover 1 370 270 1.51
Ryegrass 2 56.0 2840 1«75
Beans , , L 20,0 20,0 . 2.30
Total 4 11340 28.2 177
, Other ; .
(Fertilizing and Pesticide Spraying)
Ryegrass 1 82.0 82.0 1.50
SJtrewberries 2 91l.1 4546 2.15
Other uses __1 100 100 2400
Total 3 101.1 337 2.14 1l 82.0 82.0 1.50
*Other" ,
Total 3 101.1 3547 2414 20 838.0 41.9 1.43
Fertilizer ' ' T | “
and

LS

*Other" Total 30 7915 264 2.36 238  22,08l.5 92.7 1445
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Othexr

A limited amount of commercial work was done in com—
binations of jobs such as pesticides and fertilizers
applied sinitaneously. Seeding is also included under
this classification. Very little is yet known as to the
practicality of some of thege operations, There has been
a need however to reseed ranges and forest lands, and the
zirplane has proved useful in this type of work.

Seeding and the combination of seeding and ferti-
lizing contributed most of the “other® type of operations.
Seven hundred and fifty acres in this eategaﬁy were
treated in 19 jobs. Most of the seeding was ryegrass,
with elover, other grasses, and beans making up the

remainder (Table 11).
CONSIDEBATION OF SPACIPIC CRUYS
Procedure

Ten representative crops were selected for more
detailed analysis. Selection was based on the amount
(total jobs =nd acres treated) of custom work done within
the major groupings of cereals, grasses, legumes, tree
fruits and nuts, small fruits, and vegetables. The crops
finally selected were wheat, ryegrass, veich, clover,
cherries, filberts, strawberries, beans, canning peas, and

potatoes.
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The work done on each crop is summerigzed according to
the purposes for which the applications were made. In each
case the material is indicated. Within each pest group are
shown the total acres and the number of jobs done with each
chemical or fertilizer, and ineluding the number of pounds
applied per acre as well as the application charge.

No attempt will be made to compare the commercial
work done on different crops. The representative crops
include both intensive and extensive types of farming, and
therefore meagsures such as total acres, number of jobs,

and application charges have little comparative value.
Wheat

In this study, more commercial work was done on wheat
than any other ecrop. HNearly 32 per cent or 34,728 acres
received custom work, either in the use of herbicides, or
fertilizers. Table 12 gives a summary of how these were
applied.

Three types of fertiligers were applied to wheat,
namely, ammonium nitrate, urea and anhydrous ammoniaf.
Ammonium nitrate was used almost to the exclusion of the
others. Because of this, its application charge of $0.95
an acre can be considered as the average for the entire
fertilizer work done on wheat in this study.

As shown in Table 12, the herbicide, 2,4~D was used

in nearly every application for weed control. The three



Table 12. OSummary of all commercial work done on wheat:
number of aseres, Jjobs, pounds of chemical applied per acre and

average per acre charge for application.

Pests, chemicals,

Pest Chemical fotal HNo. Lbs. of chem. Average charge*
or or acres of applied for application
operation fertilizer _Jobs per acre per_ acre

Fertilizer Ammonium

Ritrate 7,564 31 69.0 $ .95
Urea 36 3 87.0 1.25
Anhydrous

Ammonium 262 1 69.0 1.00

Tarweed 244-D 3,431 12 «8 1.06
Tarweed and Mustard 6,028 29 9 1.14
Tarweed-Yardweed 3,889 10 7 1.02
Mustard 1,713 12 1.0 1.186
Mustard Combe. 2,4~D 6,140 28 «8 1.08
Russian Thistle-

Yardweed 244D 71 1 1.1l 1.10
Canada Thistle 244-D 695 17 9 1.27
Canada Thistle Comb, 2,4-D 575 15 9 1.51
Vetch 2y4=D 140 10 1.0 1.83
fiorning Glory 2 44D 205 2 oG 1.13
Lambs Quarter 244-D 481 17 5 1.50
Lambs Quarter Comb. 244~D 700 4 -6 1.06
Pigweed 244D 29 2 «9 1.69

Dinitro
Gen. 20 1 1.0 2.50
Pigweed-Fanweed 24,4~D 106 1l +8 1.09
"Weeds" Unknown 2,4-D 2,005 27 «8 1.21
Dinitro
Premerge 11 1 4.5 2400

09



Table 12. {(conts.)

Pest Chemical Total  Ho. Lba. of chem. Average charge*

or . or acres of ayyliad for aypllaatien

operation fertilizer Jjobs : : N
”We&ﬁ%‘" a@mb »* 2 . 4“"1} }.72 5
"Weeds® Vetch P 9 1
Yardweed 2,4~D 358 2
Sunflower 244~D 61 1
Radish 2,4-D 14 1
Star Thistle 2y4-D 14 2
Total 34,728 236

B

Application eharge does not include chemical charge.

19
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exceptions were, one Jjob each using dinitro general,
dinitro premerge, and HCP. Per acre charges were sub~
stantially higher when these three were used. The 2,4-D
application charges averaged between $1.00 and §1.25 per
acre in most instances with a range from $1.00 to $2.07.
Its usual application rate per acre was from 0.8 to 0.9
pounds, with a range from 0.6 to 1.1 pounds.

Twenty-one weeds or weed combinations received
chemical treatment. Single weeds are listed separately,
but some of the combinations of two weeds were combined
when the chemical and its application rate and charge per
acre were similar. An example of this is "lambs quarter
and combinations®, which indicates that lambs quarter was
listed in every case, but with different pests. The major
pests, in point of acreage, were "mustard and combinations',
"tarweed and mustard", and "tarweed and yardweed" (Table

12).

Ryegrass

Ryegrass was chosen to represent the commercial work
done on grasses. All of the ryegrass work was done by
serlial application. This was true of most grasses and so
ryegrass, the one with the most acres treated, was
selected. There were 14,278 acres of ryegrass treated in
185 jobe., The work inciuded fertilizing, ”othaf“, and
weed control. Table 13 lists the specific Jobs.



Table 13%.

Summary of all commercial work done on ryegrass:

Pegts,

chemicals, number of jobs, total acres, application
charge per acre and pounds of chemical applied per acre.

Pest Chemical Acres No. Lbs, of chemical  Average charge¥*
or - or treated of applied for application
operation fertilizer Jjobs per acre per acre
Fertilizer Amm, Phos 745 4 195.0 & 1.95
Amme. Phos .=
Amm, Nitrate 57 1 13540 1.60
Amm, Phog.-Urea 174 2 172.0 1.96
Amm, Sulp. 5,290 76 186.0 2407
Amm. Sulpe—
Hitrate 75 1 168.0 1.93
Amme Sulpe=
Hitrate-Urea 143 1 100.0 1.25
Amte Sul}'} ~lHrea 1 " 313 }.6 268 0 Le 84
Amm. Nitrate 1,493 21 113.0 1.32
Hitrate~
Calcium Nitrate 70 1 121.0 1.45
Urea 1,123 12 120.0 1.63
Uran 54 1 45,0 1.50
Superphosphate 79 1 243.0 2.43
Other "Seeding® 383 10 20.2 1.34
Garlie-Onion 244=D 356 11 1.4 1.60
Weeds, Unknown 2,4~D , 407 7 1.2 1.36
2,4-0, Hitrate 7
Solution 82 1 o7 1.50
Grass Chloro IPC 2,274 18 2.0 1.02
Total 14,278 185 R $ 1.68

¥ Applicaiion oharge does not include chemical Oharge. e

£9
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Iwelve fertilimers or fertiliger combinations were
ugsed on this ecrop with ammonium sulphate and ammonium
nitrate being more commonly used. Ammonium sulphate
congisting of 76 custom applications on 5,290 acres con=-
stituted nearly half of the fertilizer work. It was
applied at a rate of 186 pounds and the average charge was
$2.07 per acre. Bach fertilizer was applied at a different
rat> and charges for application varied with the appli~
cator and the pounds of material applied per‘asree The
application charge raﬁgad from $1.25 to $2.43 per acre
with §1.84 being the average for all such jobs.

It is of interest to not that ryegrass was seeded
from the air in ten different jobs covering 383 acres.
Twenty pounds per #cre was the aversge seeding rate and
the charge was $1l.34 per ascre for the applieation.

Two geparate chemicals and one chemical combination
were uséd in controlling four weed classifications,; namely
vetch, garlic and onion, grasses, and unknown weeds. The
majority of a%l herbicide work done on ryegrass was to
control annuai grassess Chloro IPC was used exclusively
for this purpose: On the 2,374 acres thus trested, 2.0
pounds were applied per acre at an average charge of

$1.02,



Table 14. Summary of all commercial work done on vetch: Pests,
chemicals, total acres, number of jobs, aversge appli-
cation charge per acre and number of pounds of chemical
applied per acre.
Pest Chemical Acres Ro. Lbs. of chemical  Average Charge*
or or treated of applied for application
operation fertilizer Jobs per acre per _acre
Pertilisger Gypsum 50 1 100.0 $ 1.24
Defoliation Dinitro General 93 4 1.4 2450
Leaf Tier Eﬁa}‘&ti on 19 2 lae 3 1&58
Weevil DT 8,540 219 o9 1.55
DDT-Parathion 42 1  —— 1.76
DDT~Parathion 8 1 e s 1.7%
Weevil-Pea
Weevil DT 15 2 =8 1.89
Total 8,872 231 o § 1.56

¥ Kpplication charge does noi include chemical charges
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Vetch

The total acreage of vetch treated in this study was
8,872, and the number of jobs, 231 (Table 14). Commercial
chemical applications were in the three areas of ferti-
lizer, defoliation and insect control,

Insect control was the only area of importance., Four
insects or insect combinations were treated with three
different chemicals--DDT being by far the most important.
Over Y6 per cent of the total vetech work was done to
control a single pest--the weevil. For all intents and
purposes, DDT was the only chemical used and it was
applied at the average rate of 0.9 pounds to the acre for
which an average application charge of $§1.55 an acre was

made .«
Clover

Clover received a large variety of commereial work,
ineluding fertilizing, seeding, defclimtion, weed, and
insect controls. In all a total of 2,864 acres of eiever
was treated in 130 jobs. The average charge for all of
the work was $1.79 an acre. Table 15 summarizes the com-
mercial work done.

Pour different herbicides were used to control weeds,
and one was used as a defoliant. The majority of the weed

control work was to kill vetch in the clover through the



. f’ .
Summary of all commercial work done on clover: Pests,

Table 15.
chemicals, number of acres and jobs, spplication charge
per scre and pounds of chemical applied per acre.
Pest Chemical Total  Fo. Ibs. of chemical Average Charge*
or or acresg of applied for application
operation fertilizexr jobs ber acre per acre
Fertilizer Ammonium Sulphate 22 1 138.1 $ 1l.64
Ammonium Nitrate 37 1 100.0 1.51
Superphosphate
and Boroun 12 1 213.9 2435
Line 100 1 157.0 157
*Other® Seeding 120 1 Ge2 1.00
Vetch HCP 284 10 4 2.04
Vetch and Hustard 2,4~D 13 1 1.0 1.00
Garliec and Onion 244~D 13 1 4.0 3454
"Weeds" unknown HBCP 4 1 2 2.00
Grass Chloro 1IPC 130 2 345 1.29
iPC 3 1 4.6 2.31
Defoliation Dinitro General 522 27 1.4 2440
~ Lygus bug DY 104 6 2.0 1.75
Lygus dug Toxaphene 119 8 343 1.77
Lygus and Midge LDT 69 4 1.5 1.60
DDP=-3ulphur 12 1 o 1.50
Aldrin 18 1 «5 1.78
Toxaphene 729 30 3.0 1463
Toxaphene-1DT 4 1 e 1.75%
Toxaphene-Aldrin 15 2 s 1.73
Lygus and Weevil npe 73 2 1.2 1.54
Toxaphene 160 6 3.0 1.76
Aldrin 15 1 1.0 1.00

L9



Table 15. (cont.)

Pest Chenlecal Total No. Lbs. of chemical Average Charge
or or acres of applied for application
operation fertilizer Jjobs per_acre per acre
Nitidulids oot 15 1l 1.5 $ 187
Tpxaphene 58 4 244 1.62
Lygus and Others Toxaphene 43 3 340 1+60
Wesvil Toxaphene 35 1 3.0 1.74
Weevil and Ticks PDT=Sulphur 12 1 e 1«50
Unknown insects Y 60 5 242 173
SDi-ialathion 8 1 e l.12
Toxaphene 29 1 %0 1.76
Clover Root Borer  Aldrin 18 2 1.0 1.00
Strawberry root
Weevil Aldrin 8 1 2.0 2400
Total 2,864 130 o $ 1.79

¥ Application charge does not include chemical charges
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use of a selective herbicide, #CP. This treatment in
which a chenmicuzl can be uged to control one legume “wee&“
growing withing snother legum efep is a good example of
the progress being made in the current day development of
selective weed killers. Hearly all of the MCP appli-
cationg were at the rate of 0.4 pounds per acre of the
active ingredient. The application charge was $2.04 per
acre. Chloro IPC, IPC and 2,4-D were the other chemicals
used,

Dinitro genersl was applied as a defoliant on 27
jobs entailing 522 acres. The chemical was put on at the
rate of 1.4 pounds per acre and the aversge charge for
this was $2.40.

Control of the lygus bug and its combination with the
nidge constituted most of the insecticide work. Veevils
and Nitidulids were alsoc important. Seven insecticides
or combinations were used in controlling these pests with
toxaphene being the most important. This chemical was
usually applied at three pounds to the acre with the
application charge between $1.60 and $1.80.

Cherries

Very little commercial chemical application work was
done on cherries in comparison to most of the other nine
crops; yet that which was done usually meant the difference

between a saleable preduct'and a complete loss. Chemical



Table 16. Summary of sll commercial work done on cherries: FPests,
;} . r
chemicals, total ascres, jobs, application charge per
acre and pounds of chemicsl applied per acre.

Pest Chemical Acres No. Lbs. of ch@miéal A"A‘}erage Charge*

treated of applied for application

Jobs per acre per sacre
Brown Rot Sulphur 11 2 5.4 - $ 2.00
Yeeda unknown 2,4~D 12 1 1.1 2.00
Caterpillar Kolokill 23 1 50.0 3.26
Rotenone 473 2 200 2.49
DDT-3ulpheone 10 1 s 3,00

Cherry Fruit Fly Kolokill 354 20 44 .0 3.3
Lead Arsenate 20 1 20.0 3.25

Synits Beetle opr 53 1 1.8 2.00
Leaf Tier Kolokill 4 2 50.0 2.50
Total 1,047 37 i $ 2.7%

¥ Applicabion charge does not include chemical CLATge.

ol
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applications were made for the control of diseases, weeds
and insects. 4 total of 1,047 acres was included in the
sample and the average per acre charge of all types of
custom work was $2.75 Table 16 summarizes all the custom
work done on this crop.

The caterpillar and the cherry fruit fly were the two
@rimaryiinseet pests, Hoetenone was used for caterpillar
control, being applied at %0 pounds per acre with an
application charge of $2.49. For the cherry fruit fly,

44 pounds of Kolokill was applied and $3.35 was charged

for the application.
filbert

Pilberts had fewer acres commerclially treated than
any of the other nine crops. A total of 422 scres received
custom work in 53 Jjobs. This work consisted of ferti-
lizing, weed control, and insect control. The average
per acre charge for all these was $1.95.

Table 17 shows that the only applications of conse-
quence were for insect control. IFive insects or insect
pest combinations received custom treatment. They were
the tent csterpillar, filbert moth, filbert leaf roller,
leaf tier and a leaf roller-caterpillar combination. For
their control, DDT and lead arsenate were the more commonly
used chemicals. The filbert moth was the most prevalent

pest having nearly half the total acreage that was treated.



Table 17.

Summery ot all commercial work done on filberts:

rests,

chemicals, total acres, number of jobs, application
charge per acre and pounds of chewicals applied per acre.

Ibs. of chemical

rest Chemical Aeres How Average Charge®
or or treated of applied for application
operation fertilizer jobs per acre per acre
Pertilizer Ammonium Nitrate 4 1 178.0 3 2444
Brush 244-D 10 1 1.2 1.60
Caterpillars ' :
(Tent) Lead irsenate 14 1 40.0 3,00
Filbert Hoth DDT-Malathion 50 1 e 1.76
pr 26 4 2.1 1483
Lead Arsenate 163 20 16.3 2412
Lead Arsenate- ‘
Copper 3 1 o e 200
Filbert Leaf '
Roller DT (1DE) 47 5 1.9 160
oo 84 15 2.1 175
Ieaf Roller~
Ceterpillar LT - 1 1 2.0 500
Tler Doy 5 1 2.0 200
Lead Arsenate 5 2 1.6 2.20
Total 422 53 i ¢ 1.95

¥ Application charges 4o not include chemical charges

2L
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Lead arsenate was applied at 16.% pounds per acre and at

an application charge of $2.12.

Strawberries

The total custom applications to strawberries was
2,397 acres and the number of jobs, 112 (Table 18). The
work consisted of fertilizing, weed control, defoliation,
disease, and insect control. For all of the variety of
application, $2.75 per acre was charged.

The four fertilizers applied to strawberries were
ammonium phosphate, urea, uran, and IPC (an herbicide)
and urea combination. Urea alone was of consequence and
was applied at the rate of 48 pounds per acre to 656
aeres in 23 jobs. The average charge was $2.41 per acre.

Stravberries were treated for three diseases, namely
mold, fruit rot, and mildew. The chemical captan was used
to control mold and mildew at an average rate of 2.0 and
2.7 pounds per acre respectively. The per acre appli-
cation charge for mold treatments was $2.00 and for
mildew, $5.00 per acre. The other disease, fruit rot, was
treated with 3.8 pounds of ziram at an average application
charge of $2.50 per acre.

- One insect, the leaf tier, recelived more chemical
applications than the other three insects combined., HNine
different chemicals or chemical cowmbinations were applied

in varying amounts (Table 18) with the average per acre



Table 18.

Summary of all commercisl work done on strawberries:

Pests,

chemicals, number of jobs, acres, application charge per acre,
and pound of chemical applied per acre.

Pest Chemical Acres  No. Lbs. of chemical Average charge*
or or treated of applied for application
operation fertilizer jobs per aore per acre
Pertilizer Amm. Phosphate 2 1 200.0 $ 4.00
Urea 656 2% 48.0 2,41
Urea-~-1PC 91 2 e 2.15
Uran 10 1 11.0 3400
Annual Bluegrass ATZ~Dalapon 2 1 v e ¢ F
Weeds unknown Dinitro Premerge 32 4 340 4,23
Dinitro General 13 2 1.4 5469
Dinitro General~
IPC 4 2 e 3433
Defoliation Dinitro Amne 60 8 2.6 4,50
Dinitro General 283 19 1.4 4.84
Hold Captan 10 1 2.0 2400
Fruit Rot diram 36 2 3.8 2.50
Mildew Captan 3 1 2.7 5.00
Leaf Tier Captan 49 3 1.9 3410
b T*‘CO}} «Sulphe 50 1 v 200
UhT~iala.~Ziram 10 1 2450
DOi-Ziram %86 3 o 217
Halathion 53 2 2.0 3.11
Meticide 4 1 2.5 3475
Methoxychlor 7 1 2,6 %+28
Sulphur 10 1 40.0 3400

?}J



Table 18. {(cont.)

Pest Chemical Acres  HNo. Lbs. of chemical Average charge*

or : or treated of applied for application
_operation fertilizer Jjobs per acre per acre

Strawberry Root

Weevil Aldrin 107 1 4.4 $ 2.38
Chlorodane 95 3 3.0 2.50
Heptachlor 31 g T.4 2.96
Symphyllids Parathion 6 1 50 3400
Worms Kolokill 12 1 50.0 3425
Total 2,387 112 $ 2.75

¥ Agplicatisn charge does not iﬁcl&dﬁ charge for chemicals.
*¥* ¢me ATZ~Dalapon job on annual bluegrass was done on an experimental basis and

no charge made.

Gl
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charges ranging from $2.00 to §3.75.

Beans

Custom work on beans consisted of fertilizing and
chemical controls for diseuse, weeds and insects, with the
latter of primary importances The average charge for all
of these sapplications regerdless of type was #2.37 an
acre. Table 19 is a complete summary of all custom work
done on beans.

Weed control was a very important part of the custom
bean works The use of dinitro premersze on unknown weeds
contributed nearly the entire sample. This chemical was
applied at the rate of 1.3 pounds of the active ingredient
per acre and at a charge of $2.25 for each of the 968
acres thus treateds

Bight insects were treated with eleven different
chemicals or chemical combinationss Aphide and cucumber
beetles were the more commonly treated insects, and
malathion was primarily used for their controls For aphid
control, the average application rate for malathion was
2.0 pounds per acre, and the charge,” $2.22.  ¥or the
cucumber beetle, 1.7 pounds of the actual chemical was

applied at an average charze of $2.28 per acre.



Table 1G,.

Summary of all commercial work done on bheans:

Pests, chemicals,

total acres and jobs, application charge per acre and pounds
of chewical applied per acre.

Acres  Roe. Lbs. of chemical Average charge*

for application
per_acre

Pest Chenical

or or treated of applied
gperation Sfertilizer Jobs per acre
Pertilizer Hitrate 40 2 150,0
Boron 12 1 41;7

Mold Ziram 10 1 542
Morning Glory 244~D 3 1 2.0
Pigweed Alanap 3 1 1.3
Dinitro Prem. 19 2 3.9

Weeds unknown 2y 4~D 38 1 1.0
Dinitro Prems. 968 21 143

Aphid HMalathion 432 14 2.0
Hethoxychlor 26 3 149

TEPP 64 5 +5

Cops« Sulps DDT 132 1 e

Aphid-Spt. Beetle  HMalathion 93 6 149
Cucumber Beetle nhE 49 6 1.9
DDT=Copper g8 1 s

DbpE=3ulphur 8 1 e

Malathion 19 2 147

- Methoxychlor 10 2 2.0

Sulphur g2 1 40,0

TEPP 46 1 +4

$ 2.08
1450
1.50
200
2.67
2.47
2443
2.25
2422
254
3.92
2+00
2:94
LTRT
2.00
%200
2428
3+60
2&25
373

LL



Table 19. (cont.)

Pest Chenmical Acres Ko Lbs. of chemical Average charge¥

or or treated of applied for application
oneration Fertilizer Jobs . per ascre per scre
Cucumber Beetle- '
Beetles unknown Cop. Sulp. DDT 42 1 ——— 2.76
Kitidulids DY 14 2 1.8 %eld
Malathion 5 1 - 2+0 3400
TEPP 40 2 s 4422
Slugs Bait 50 2 100 1.26
Symphyllids Parathion 8 2 5.0 2225
Total 3,018 87 —— $ 2437

*  Application charge does not include chemical charge.

8L
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Canning Peas

411 of the commercial chemiecal applications on can~
ning peas were either herbicides, or insecticides with
most of the work done in the latter area. On 169 jobs a
total of 6,163 acres wers treated at an asverage charge of
$2.24 per acre for the application (Table 20).

The pea weevil, aphids, snd a combination of the two
were the insects for which control was sought. The acre-
age treated for the pea weevil constituted over half of
the total cannery pea acreage in the study. DDT and
malathion were the main chemicals used for its control.
DDT applied at 1.3 pounds per acre, had an application
charge of $1.87. When malathion was used these averages

were 2.0 pounds of chemieal, and a $2,67 charge.
Potatoes

Potatoes received a vaoriety of commercial work,
although most of it was for insect control. Other types
of applications were fertilizer, weed control, defoliation
and disease control. In the 194 jobs done, 7,498 acres
were covered at an average application charge of §1.84 per
acre.

Blight was the serious disease pest in potatoes. For
its control dithane, 2zineb and a copper-IDT combination

were used. The per acre application rate varied with the



Table 20. Summary of all commercial work done on canning peas: Pests,
chemicals, total acres and jobs, application charge per acre
and pounds of chemiecal applied per acre.
Pest Chemiecal Acres Ho. Lbs. of chemical  Average charge*
or treated of applied for application
operation Jjobs per acre per sore
Pigweed Dinitro General 50 2 1.1 § 2.50
Weeds (unnamed) 2,4~D 430 2 1.0 100
Dinitro General 44 2 1.1 2450
Dinitro Prem. 148 5 «8 2.92
Aphids Parsthion 591 14 5 2+49
Pea VWeevil D% 2,110 109 1.3 1.87
Malathion-
Rotenone 401 2 —— 2+93
Parathion 255 7 o4 2.50
Weevil-Aphid VD T-3ulphur 16 1 —— 1.50
Malathion 72 2 1.2 1.45
Parathion 331 15 %) 2250
Total 6,163 169 s $ 2.24

Applieation charge does nmot include chemical charge.

og



Table Z1.

Summary of all commereial work done on potatoes:
chemicals, total acres and number of jobs, and application
charge per sere, and number of pounds of chemical applied

Pests,

per scres
Pest Chenical Total HNoe Ibs. of chemical  Average charge®
or or acres of applied for application
operation fertilizexr Jobs per aore per acre
Fertilizer Urea 24 2 101.0 $ 0.%4
Nitrogen Solu. 8 1 110 2493
Weeds unkunown MH~40 €4 1 T+0 2.15
Defoliation Dinitro General 4 1 «8 4.00
Sode Arsenate 139 15 4 O Ze 3{3
Blight Copper-DDT 146 4 e 2.51
Dithane 308 4 1.0 2411
Zineb 430 3 244 2.25
Blight-Mosquitoes  Sul.=Cop.~DDT 100 1 e 2425
Aphid-"Beetlesg”
¥lies and Leaf DT 2,564 74 1.5 1.70
Hoppers : Malathion 37 1 1.0 1.76
TDT-Malathion 1,957 53 —— 1.69
IDI~Parathion 310 13  — 1.70
DDY~Sulphur 178 4 o 1l.44
Tuber Flea Beetle LDT 51 1 1.0 250
DDi-Copper 36 1 —— 2.50
Aldrin 42 2 244 1.9%
Roller voE 71 1 of 1.74
DDT=-tlalathion 352 3 —— 1.75
Wireworn Aldrin 322 4 1.8 2+39
Wireworm-¥Fleas Dithane 165 1 1.0 200
Insects unknown LDT 9 1 146 177

18



Table 21. {(cont.)

Pest Chemical Total  No« Ibs. of chemical  Average charge¥

or or acres  of applied for application
operastion fertiliger Jobs per acre . Dber sore
Wireworm-Fleas 160 1 1.9 % 2.37
Insects unknown PP=3ul phur i 2 usoriod , 1.50
Potal | 7,498 194 o $ 1.84

¥ Application charge does not include chemical charge.

c8
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che&iaal while the charges averaged about 32.25 per acre
(Table 21). |

There were nine insect pests treated in potatoes.
Because of thé similarity between aphids, beetles, fllies
and leaf Loppers as to application rates and cherges and
types of chemicals used, these pssts were grouped together.
This grouping of insscts received the most work, using
DT snd, TDT and malathion combinations priwarily. The
average per acre charges were $1.70 and $1.69 respectively
while the rate of application for DDT was 1.5 pounds per

HOT'C »

ECCHOKIC AGPECTS OF PuUTICIDE AFPLICATION

The preceding section of this chapter presented a
summary of =1l the commercial work done on ten repre-
sentative crops included in the study. Information about
the specific pests treated, and the chemicals used for
that purpose were pregented. Alseo included were the
pounds of active chemical applied per aecre and the charges
made for epplication. To complete the review of the
chemjcal applications to these crops, it is desireable to
know the total costs of control measures in reiastion to
the amount of increased production needed to pay that
cost. This is shown in Table 2.

Por each of the ten ecrops Just discussed, repre-
gentative pests were chosen, and the price for the
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Table 22. EHEoonomic aspects of pesticlde applleation: Crop end pest, chemieal used, total chemical
 @and application charge per acre, sverage farm price received for crops, and estimeted
‘inerease in yleld neceasary to pay for the chemical control.

Crop snd Pest Chemical Total chemical and applicetion  Average ferm price Per aere yleld increase
~ used , ‘ eharge per acre : for erop nesded to pay
_fver application (6 yr. averags) for econtrol
Application cal  Total , \ ,

Wheat | | ' |
Tarweed-Mustard 2,4-D l.14 +64 1.78 $0.038 , ‘50,80 pounds
Kustard~Comb. Zy4=D 1.08 57 1.85 $2.10 per bushel 47.10 pounds

Ryegrass (Perennlsl) ' ,

Annual Grasses Chloro IPC 1.02 3440 4,42 $0.104 per pound 42.50 pounds
| Weeds unknown 2,4~D 1,36 .85 2.21 21.25 pouhds
Yeteh ‘ ~
c Weevil : DDT 1.55 50 2.05 $0.058 per pound 35.30 pounds
lover ) :

Midge and Lygus Toxaphene 1.63 1.83 5.46 $0.25% per pound 15,60 pounds

Vetch HCP 2+04 3.12 3.12 12.20 pounds
Cherries

Caterpillar Rotenone .49 3,90 6.39 $0.133 per pound 48,00 pounds

. Cherry Fruit Fly Kolokill 3+35 4 .40 7,75 ; 58,25 pounds

¥ 1b¢§%s ,

'ilbert Moth Lead Arsenate 2e12 4.89 7 .01 $0.185 per pound 58.40 pounds

Filbert Leaf Roller DDT 1.75 1.16 2.91 ‘ 12,40 pounds
Strawberries )

oot Weevil Aldrin 2438 9.68 12,08 $0.185 per pound 73.20 pounds

Leaf Tier DpT 2+17 1.10 3.87 19.80 pounds
Beens i

Aphid ‘ Malathion £eR2 4.42 6.64 , $0+084 103.70 pounds

Unicnown Weeds ‘Dipltro Prem. &e&D - 2.81 446 $128.32 per ton 69,60 pounds

Canning Peas

nknown Weeds 2,4-D 1.00 71 1.71 $87 .32 per ton 58.80 pounds
Weavlil bpT 1.87 72 2.59 $0.044 58.80 pounds
Kalathion Z.67 442 7.09 161.00 pounds
Potatoes , ,
A 8, Fleas Leaf e
Hopper and Beetles DDT 1.70 «823 2.52 $2.07 per cwt. 120,00 pounds

Wl reworm Aldrin %39 3496 6.35 §0.021 302,30 pounds
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important chemical used on each pest was determined from
price lists of chemical companies. The chemieal price and
the charge for application were then added to obtain the
total charge per acre figures presented here.

The average price used for each crop is the five
year (1952-1956) average price received by farmers in
Uregons. These prices have been reduced to a per pound
basis in order to messur® more easily the exact amount of
inereased yield necessary to pay for chemical pest control,

The total cost of the chemical application to the
farmer varied m&rkeﬁly depending on the chemical used and
its method of application. Some pests were easily con-
trolled with light applications of inexpensive chemicals.
DDT and 2,4~D are examples. Other pests required heavier
applications of chemicals or very expensive ones to get
the desired control. The range in the total costs, per
acre, for the commercial work done on the selected crops
was from $1.65 to $12.06 per application (Table 22).

~., The.period of time for which the chemicals remained
effective was quite different. Some pests required
succesgive chenmical apyliéationa within a single season.
The cherry fruit fly was one such pest. Others could be
coantrolled by one application during the 1life of th&‘erey¢
Aldrin applications on the strawberry root weevil controls
in this residuwal fashion. In order to get an accurate

estimate on the total cost of controlling the various
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pests it follows that the number of applications per year
must be added when there is more than one, and when a
residual chemical control is used, the cost must be pro-
rated for the years of its effective life.

The effectiveness of chemical control measures
applied to such pests as insects is difficult to estimate.
Environmental conditions such as the moisture available
or the temperature during the growing season of the host
may exert a great influence on how the pestis react‘ts
treatmentes In Chapter 4, a discussion of the fadtars
that influence the effactiv?neas of pesticide treatments
‘will be presented. Hany of the crops in the study were
grown in widely different areas of Oregon and the results
achieved may be indicative of local conditions but could
vary with the localitys This is especially true of herbi-
¢cide work.

Insects and diseases cause losses primarily in two
ways, through damage to some part of the structure of the
plant or to the product for which the crop is grown. The
latter is the more readily evident and usually will be
the reason why insecticides are applied, for it may mean
the difference between a saleable product and a partial
or coumplete loss. Cherries, vetch and peas are examples
of ecrops whose product can be damaged to the extent that

it is not acceptable. The strawberry root weevil is an
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example of a pest which attacks the plant structure and
reduces yields.

For the crops that are ounly partislly damaged by
insects or diseases, and the product can be sold if sorted,
the loss comes in two forms; first, in a direct loss of
income for all the product that must be sorted out as
unacceptable, and secondly, the additional operational

expense of the sorting process.
Net Zecomomic Advantage of Pest Control

Based upon the results of the study, the data in
Table 22 presents an estimate of how much product is
needed to pay for control of selected pests on sach of ten
erops. The significant thing to note is how small those
regional fields (column 7, Table 22) were in every case.
An example is as follows: when the veich weevil was
controlled with DDT, the total cost of the chemical and
its application was $2.05 per acre. If veich were selling
for 5.8¢ & pound, it is estimated that only 35.3 pounds
would be necessary to pay for the control measures taken.
To control the "midge~lygus® combination in clover using
toxaphene the cost was $3.46 per acre for the chemical and
its application. When clover sells for 25.5¢ a pound,
13.6 pounds of seed would pay for each acre of inseet
control. In cherries, the conirol of the fruit fly is

necessary if the erop is to be sold. Usually three



88
applications of chemicals are necessary to effect satis-
factory control. Assuming three applications of Kolokill
were made at §7.75 (Table 22) an application, the total
cost of the control measures would be $23.25 per acre.

It would take 175 pound of cherries to pay for the controls
if cherries sold for 13.3¢ per pound. Assuming fifty
cherry trees per aecre, only 3.5 pounds of cherries from
each tree would pay for all the chemical control measures
for the cherry fruit fly. Without this control the crop
cannot be sold,.

Chemical weed control results are easily seen. It
is self evident that "weeds" growing in a crop compeie
directly and very effectively for plant nutrients and soil
moisture. If the weeds were controlled these nutrients
would be available for the growing crop. Not only would
thig increase production but it would decrease product
contamination with foreign materials, thus improving the
quality and value of the product. Contrel of annual
grasses in ryegrass has this dual purpose because as a
seed crop, it must be uncontaminated, Using c¢hlora I1PC
for this purpose, the chemical and its application cosit
$4.42 an sere. If ryegrass sold for 10.4¢ (Table 22) an
egstimated 42.5 pounds of the erop would pay for the
control. Even with ryegrass selling for 4.5¢ a pound, one
hundred pounds would more than pay for the chemical

treatments. HNot only is the yield per scre increased
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when annual grasses are controlled but the guality of the
seed is also improved,

One of the best examples of the actual results that
can be expected from chemicsl weed controls is from the
experimental dats on wheat, 4 three year average of yield
increases from weed control on the Pendleton and Sherman
Branch Experiment Stations ranged from a 1i bushel
inerease at Union to & 16 bushel increase st the Pendleton
station. On the average slightly over four additional
bushels of wheat can be expected from weed control. Table
22 indicated that the cost of both the chemical and its
application were more than paid for by a single bushel of
wheat increase. Therefore in every case the weed control

experiments on wheat more than paid for themselves.
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CHAPTER IV

PESTS AHD INFLUENC:S avPBECTIHG TKEIRIQQE?RGL

The preceding chapter was concerned with all the
crops and land uses on which commereiasl applications were
made. Part of that section presented data on specific
pests and specific chemicals in relation to individual
crops, representative of the entire study from the stand-
point of pests involved and chemical treatments applied.

For euch of the ten, information was given as to the
pests, and the chemicals used for conirol. Also included
were the total aeres and jobs treated with each chemical
and its average per acre rate of application and money
charge. These pests, however, represented only a partial
list of all the pests inecluded in the entire study. Some
pests, especially the weeds, were found in many crops and
land uses, waile others were confined primarily to one or
two crops.

In this chapter principal attention is directed to
the pests, and to some of the factors that are important
influences in determining the effectiveness of chemical
applications. All of the insects, diseases and weeds
that were chemically treated by custom operators are
listed; the time range of the actual treatment is indi~
cated; the acres and jobs for both ground and air appli-

cations are shown; and finally, the names of the chemicals
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ugsed on each speecifie pest are included.
FACTORS INFLUENCING THE SUCCESS OF
PESTICIDE APPLICATICHS

It is not enough to procure effective pesticides and
apply them. The best material may fail if it is used at
the wrong time or in the wrong way. The chemical appli-
cator quieckly finds that there are a number of conditions
that have a direet bearing on the effectiveness of the
work being done. When these conditions are favorable,
pest control is good; when sonme are unfavorable, then
results may not pay for the job done. HMany of the modi-
fying factors can be can%rmlied by the applicator, while
others, by proper adjustment 1n methods and procedures,
can be influenced greatly. Some unfavorable conditions
cannot be fToreseen or controlled. Unexpected adverse
weather is a good example. The important thing is for the
applicator to h&ge as complete a background and knowledge
of the controlling factors as he can, and adjust his
operation accordingly, thus insuring himself of & con-
sistently high level of performances.

To obtain a better understanding of the complexity of
pesticide work, a brief discussion of some of the nmajor
influences on the success of chemical applications will
follow. Pests will be considered in two general classes,

insects which will include diseases, and weeds.
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THE APPLICATICN OF INSECTICIDES

Few if any of Oregons' many agricultural crops are
immune to insecet attack. Insect control has proved
profitable in the production of many erops. Host of our
frult crops could not be commercially marketed if insect
infestations were not controlled., Rather closely allied
in many respects to insects, is the control of plant
diseases. The factors influencing successful applications

will be nearly the same in both cases. i
Insecticides Applied to the Crop

Correct identification of the species of inseet is
of the utmost importance in determining whether a given
chemical will meet the problem of protecting the crop.
There are some chemicals which can control gquite a variety
of insects, yet some species of insects are most eco=-
nomically controlled by only one chemical. By wrongly
identifying an insect, the subsequent use of an inap-
propriate chemical may cause the farmer to lose the cost
of the application, the cost of the chemical and to suffer
a partlal or complete loss of crop due to the insect
damage «

Once the pest is properly identified, it is necessary
to know when, or at what stages in its life cyecle, the
insect attacks the ecrop. By knowing when the attack
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beging and its duration, the applicator can find the best
time to control it. If applied too early, insecticides
nay be dissipated before the pest ie present or in a sus-
ceptible condition. If applied 00 late, the damage is
already dones _ |

The properties of the chemieal itself may have a
direct bearing on the success with which it is applied.
Vapor pressure, water solubility, sunlight, and moisture
affect 1life of the sprays These physical differences can
be gquite advantagous in many reayactﬁ; Some chemicals
have a prolongeé residual life, while others are short
lived and deactivate in a few hours. If continuous pro-
tection from insects is needed then a residual chenmical
will be best. If an immediate imsect kill is desired,
with no toxic residue after a short tiume, then a chemical
is needed that will quickly dissipate.

Neture plays an important role in the effectivencss
of the application of insecticides to plants and other
surfaces. Wind and air currents limit the times when
applicetions cen be mades A current of air over ten miles
per hour will make it nesarly impossible to effectively
control dusts and sprays. That is, with its accompanying
possible damage to other crops, drift is always a constant
danger with any wind.

Pemperature becomes important in the spplication of

insecticides only when it is extreme. Host materials are
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safe and effective at ordinary temperatures. There is
danger of injury to fruit und follage if some materialé
are used in hot weather, although their effectiveness ls
not lessened.

kioisture presents different problems. Haln may wash
off insscticides, especially those soluble in water and
their effectiveness is lost. Vhere 0il emulsions are
used, moisture in the form of dew on leaves or other
surfaces may result in poor deposite of the chemical. If
a chemical is readily broken down by moisture, a period
of high humidity following application may cause excessive

loss of the insecticide.

Soil Application of Insecticides

In using insecticides for the control of insects in
the soil, many of the same general considerations that
applied to crop applications would hold true, as well asg
some others. Some of the various features that determine
chemical effectiveness in a particular soil are as
follows: the rapidity with which the chemical iﬁrtied up
or absorbed by the soil, the type and texture of the soil,
and the acidity or alkalinity of the soil. In general,
organic matier and clay particles absorb the chemical more
rapidly than sandy or coarser soil particles. The

rapidity of breakdown and leaching of soil insecticides
are influenced by c¢limate, soil type, bacterial action and
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the make up of the chemical itself.

Under high temperature conditions, vaporization of
insecticides applied to the surface of the soil may reduce
substantially the amount of chemieal left in the soils
Where the chemical is to be incorporated into the soil,
tillage should follow as soon as possible, particularly

in period of high temperature.
THE APPLICATION OF HERBICIDES T0 KILL WEEDS

The advent of selective herbicides and their rapidly
increased use, has increased the need for information per-
taining to their most effective and safest use. Various
factors such as the chemical properties and the physiology
of the plant, as well as the chemical-plant relationship
are important factors to know. If the chewmical applicator
is well informed on these things, he can take advantage of
them.,

Foliage Application

The species of plant must be known to determine the
response of that plant to a given chemiecal, If the
spe;ies is known then such information as the location of
gréWing points, waxy covering on leaves, and the actual
biochemical sensitivity to the herbicide is usually
available. Morphology or structure of the plant is

important when determining the most effective means of
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application. As an example, if the growing point is buried
deep in tissue or protected by leaves, the applicator must
choose a chewical that can reach this growing tip. The
chemical ceould be applied in large quantities in order to
completely cover the plant and thus reach the growing
points or a chemical could be applied that could be
absorbed and translocated to the growing points. As a
reaction to adverse growing conditions some plants ﬁévelop
waxy coverings which the chemicals must penetrate. In
general, oil like materials will penetrate more readily
than others. |

The growth habits of a plant avre impsrtant, In
dormant seasons spraying will be of little value. Also a
plant at different ages will have different responses to
a given chemical. They may be quite resistant to the
herbicide at some stages, while at others, extremely
sensitive. As a generazl rule as plants advance in
maturity they become more resistant. It is well to
mention that this principle applied equally well to the
commercial crop to be saved and to the weeds to be con-
trolled. Therefore caution must be used not to apply
chemicals too early when the crop could easily be damaged
as well as the weeds. A good example is the too early
application of 2,4~D to young wheat plants in an effort
to kill tarweéﬁ, The tarweed will be controlled but the

wheat crop will be damaged also.
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Absorption and transioccation are still anocther
relationship between the plant and the chemical. A4s a
generalization, it can be said that the water soluble
compounds are most readily absorbed by the plant roots
and the oil-like materisls are most readily absorbed by
the leaves. One can increase the absorbtion by using
various spray additions or different chemical formu-
lations. The amount of translocation has a direet bearing
onn the best possible kill. If the chemical is ébamrbed
too rapidly in the leaves, the top of the plant will die
before the herbieide can be translocated to the rootis.

If this happens the roots remain alive and can send up a
new plant. A moderate rate of absorbtion and reaction
combined with translocsation would give the best over-all
kill.

Environmental influences upon the effectiveness of
the herbicide ireatments are nearly the same as they are
for insecticides. There is however one important differ-
ence to be remembered, The environment efiects not only
the chenmical, and the weed pest, but also the crop that
is being treated. By considering the combination of all

these, it is possible to obtain satisfactory results.

Soil Application of Herbieides to Kill Weeds

Herbicides when applied to the soil have two major
uses; that of pre-emergent weed control, and soil
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sterilization. In using pre-emergent weed control, the
chemicals used are selected on the basis that they are
relatively non-injurious to the crop. The chemicals are
used then in two wayes; either the chemical has & biow-
chemical selectivity, or the crcp seed is planted so
deeply that it does not come into contact with the
chemical until the sprout is sﬁfficienﬁly well developed
to withstand such exposure.

The rate of breakdown and loss of the chenmical may
be quite & problem. If it washes readily or volatilizes
easily, it may be lost so rapidly from the soil that it
is ineffective. Soils possessg the ability to tie up or
absorb chemicals. The degree to which this is done
depends on the nature of the goil and the herbicide. For
residual protection it would be vital to choose a chemical
best suited for that purpose and soil.

In the actual apgliea%ian of the pre-emergent
chemicals, moisture is very important. Optimum soil
moisture is needed to get the correct distribution of the
chemical in the soil horizon so as to bring it into
intimate contact with the germinating weed seed.  Fortu-
nately it is probable that when the soil moisture is such
as to give best crop growth, it is alsc best for pre-
emergentitr@atment.y

Soil sterilization work is influenced mainly by the
s0il and the eclimate and in the same general ways as the



99
other herbicides and insecticides. In this type of pesti-
cide control, a non-selective chemical is used to kill all
vegetation present and have a residusl or lasting effect
s0 that new growth does noi cccurs

The agricultural use and application of chemicals has
become a very exacting science. It is hard for each
farmer to keep up with the latest information and often
times the amount of chemical application work needing to
be done on his own place will not Jjustify the ownership of
his own equipment. This situation has given rise to the
development of custom chemieal applicators and the sharply

growing acreages being treated by them.
PESTS INCLUDED IN THE 8IUDY

Pepticide application in this study had one purpose~-
that of controlling pests on agricultural crops and land
uges. The pests treated were of three main types, namely,
ingects, weeds and plant diseases. The chemical treatment
of each of these pest groups will be discussed separately.

In Chapter III, "Crops Included in This Study", it
became evident that nearly every major crop grown in
Oregon has a pest problem. Some crops have several
varieties of each of the above types of pests, while
others were bothered by only one. Also, it is true that
some pests only attack s gingle erop, while others can be

found in a variety of crops. The latier is particularly
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true of weeds.

As a method of showing the extent and variety of
pests included in the study, & complete list of single
pests and pest combinations receiving chemical treatments
is presented in Table 23. The table shows for every pest,
the acres and number of jobs done by both ground and air
equipment, and lists all the chemicals used in an effort
to control each pest. Also a column has been inecluded
whieh will show the ranges of dates between which econtrol
applications were m&ﬁe.z As was evident in the preceding
gection of this chapter, the timing of the chemical appli-
cations for pest control is of vital importance in
obtaining meximum protection to agricultural crops.
Usually for insects and diseases, controls should be
applied when the pest first attacks the crop. However,
in some instances, best control results from an appli-
cation just prior to such attack. For some pests, one
application is sufficient to effect control while others
require repeated treaitments. In the application of herbi-
cides, the physiology of both the weed plant and the crop
must be considered. The proper time may vary with the
weeds to be treated, the crops they are growing in, and

the specific chemicals used for their contrels If the

¢ Each month was divided into two perts. If work done
was on June 15, then it is shown as June 1l-15. If the
work was done June 16, then it is shown as June 16~30.
If two similar jobs were done, one con June 15, and one
on June 16, the range will appear as from June 1-30.
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Table £3. Summary of all pests treated: Number
: of jobs, total acres, time renge for
treatments and chemlcals used.

Pest Time range Chemionl used
Inseots ,
~ Aphid Jun l-Cev 1B 128 s 4,314 - Copper, DDT, Sulfur, Malathion,
P ‘ Parathion, Tepp, Syst@x,
. Methoxychlor
Flea Beetles Apr l6-Aug 31 5 i 118 27 Aldrin, DDT
Mint Flea Bestles Jul 1-Jul 15 4 wm- 266 e DDT, Malathion
Buneta Beetles Apr lé-May 15 7 1 140 22 ﬂD?, Eolokill
- Tuber Flea Beelles May 1l6-Aug 15 2 1 a7 i6 Aldrin, Copper, DLDT
Dibratica {spa%taa cucumber : =
- beetle) : May l6-Aug 15 20 e 1,012 - Sulfuy, Copper, DDT, Metacide, Tepp
: Malathion, Methoxychlor
© Beetles (unidentified) Jun 16-Jul 31 26  wm- 837 — - Sulfur, Copper, DDT
Clover Root Borer Apr lé-Apr 31 - 2 - 18 Aldrin
Pesach end Prune Root Borer Jul lé-Jul 3l - L —— 28 npT
Borers {(unldentifled May l-May 15 B e a7 e Malathion
~ Lygue Bugs May l6-Jul 31 - 19 - 506 - Aldrin, DDT, Sulfur, Toxaphene
Tent Caterplllar May leMay 31 §  eme 520 - LpT, Kulakill, Lead Arsenatbe
Cherry Frult Flies May l6-Jun 31 20 - 8 393 8 ‘Kolokill, Lead Arsenate
Grasshoppers \ ~ Jul 16-Aug 15 10 === 481 —— Aldrin
Leaf Hoppers Jun l1l~Jun 15 e 1 - 8 Malathion
Onion Maggot Apr 1lé~Apr &0 1 wws 19 J— DpT
Splder Mites Jul 1l6-Jul 31 1 wm=- 19 ——— Malathion, Tepp
Mites (unidentified) May 1l-May 15 2 e 72 e 2-4-D, Sulfur
Mosguitoes Apr lé-May 31 p-/ ——— 35 - LT
Filbert Moth May 1~JdJul 31 6 20 112 140 DDp, DPT, Copper, Malathion, Lead,
‘ Arsensate
" Nitidulids May l-Jul 31 10 wm=- 1338 - DDT, Mulathion, Tepp, Toxaphene
Slugs May l-Jun 15 g8 e~ 50 - Bait
Symphyllids Apr 16-~Jun 15 e 2 - 13 _Parathion
Filbert Leaf Roller Apr 16-May 15 - 20 —-—— 131 bDD, DDT
Roller (unidentified) May 16-Jul 31 4 1 425 1 bﬁT, Lead Arsenate, Malathlon
Tier, Omniverous Leafl Apr lé-Aug 15 B3 6 1,078 16 Captan, DDT, Kolokill, Copper,
Sulfate, Lead Arsenate, Maluthion
Sulfur, Metacide, Ziram,
Methoxychlor
Thrip Apr 16-Jun 31 2 e 26 - DDT, Kolokill
Clavar Leal Weevlil Apr 16-Apr 30 - 1 - 15 Aldrin

Pea Weevil May  ~Jul 31 243  ~w- 7,019 - DDT, Malathion, Parathion, Rotenone
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Gham;aal used

Pest Time range Humber 0: Jehs ﬁeraa treated
‘ s Alr  Grou A : e
- Btrawberry Root Weevil Apr 1l-Sep 15 i a
Vetech Weevil ; May 16-Jun 31 220 o=~ a8, 583 -
Weevils (unidentified) Jun lé~Jun 31 1 —vew 35 -
Cutworms Apr 16-Jul 31 6 1 &08 &
Wireworns , Apr lé-May 31 L 487 -
Vorms (unidentified) May 1l-Jul 31 4 2 148 2
Insects (unnemed) Jun 1-8ep 30 iz I 144 13
Two Insects
Aphids-~Flea Beetles Jul 1~Jul 31 R 70 -
Aphids~-Diabratica , Jul 16-2ug 15 L 493 -
Aphids~Beetles (unidentified) Jul lé-~Jul 31 33 - 965 -
Aphids-Lygus Bugs Jul 16«~Jul 31 4 - 284 -
Aphids~Horn Flles Jun 1é6~Jun 30 1 we- 42 -
Aphids~"Flies"® Jul 1l-Jul 15 1l e 10 —
Aphids~Leaf Hoppers Jul 16-Jul 31 3 - 178 -
Aphids-Midge Jun 16-Jul 15 3 e 269 -—
Aphids-Alfalfa Weevil Jun 16~Jun 31 ——— 1l o 17
Aphids-Vireworms dJun l~Jun 15 1l e 202 -
Dlabratica-Mosquitces Jul l-Jul 15 1 - 98 -
siebratica-Nitidullds Jul 1l-Jul 1% 1 o 17 -
Lygus Bugs-"Beetles™ Jul 1lé-Jdul 31 1 - £0 e
Lygus Bugs-Clover Flower Midge Jul l-Jdul 31 4 - 69 -
- Lygus Bugs-"Midge" Jun 16«Jul 31 37 e 879 - -
Lygus Bugs-Thrip Jun 16-Jul 15 2 e 1l -
Lygus Bugs-Alfalfa Weevil Jul l-Jul 15 1 wew 5 e
Lygus Bugs-Clover Leaf Weevil Jun 1l-Jul 3l S e -9l -
Lygus Bugs~-Clover Seed Weevil Jul l6-Jul 31 1 - 10 -
- Lygus Bugs-"Weevils" Jun le-Jun 31 5] - 174 -
fpider Mites~0.B. Leaf Roller May l6-May 31 1 e 10 -
Filbert Leaf Roller-Tent Cat. May l-May 15 - 1 - 1
Pea Weevil-Aphids May 16-Jul 15 23  ee- 586 —
Fea Weevil-Vetgh Weevil May 16-Jun 15 8 o= 343 -
Veteh Weevil«Aphlids May 16~Jun 31 2 e 53 | —
Weevils~Aphids Jul 1-Jul 15 R 78 -
Weevils~Ticks Jun l-Jun 15 l o ew- 12 -
Wireworma-Fleas May 16-May 31 1w 160 -
Insects Sub-Total 947 86 32,379 668

&l&rﬁn. DUT, Galaraane, H@ph&@h&or
LpT, Parathimn :

Toxaphene

Aldrin, DDT

ﬁldrin, Dithane

DDD, LDT, Kolokill, Parathion, Tepp
Mﬁr&ng QBT’ ﬂﬂl&tbiﬂn, &ulm'
Toxaphene

DDT, Malathion, Parathion

DBT, Malathion

DDT, Malathion, Parathion, Bnlfnr
DDT, Malathion, Toxaphene

DDT, Malathion

BDT Malathion

DDT, Malethion

LDT, Malathion, Toxaphene

Aldrin, Malethion

DDT, Captan, Diathone, Sulfur
DDT Copper, Sulfur

ﬁﬁm, Parathion

DpT

Dpr

Aldrin, DDT, Sulfur, Toxaphene
LT, Toxsphene

Dot

DT, Toxaphene

Toxaphene

bpT, Mhlathien, Toxaphene

Sulfur

ot
DDT, Malathlon, Parathlon, Sulfur
DﬁT

DT, ?arathian

ppT

DDT, Sulfur

Aldrin
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Canada Thistle~French Pink

May l-May

Pest Time range

Tarweed Mar l6~May 30 12 -
Mustard e Mar l6~Jul 15 = 14 8
Russisn Thistle May 16~Mgy 30 1 -
Veteh ' Jan l-Jdun 156 6 20
Morning Glory Mar 16-Sep 30 12 6
Canadian Thistle Mey l-Sep 16 23 57
Garllc~Onions Apr l-May 31 11 i
Lambs Quarter Mey Bl-Jdul 1 ig 10
Annual Bluegrass Apr 1l-Apr 15 ——— 1
Cheatgrass Apr le-Apr 15 1 -
Tusgoek - Apr 1lé-Jun 1 - 2
Poison Osk Feb l~Jun 1 - 2
Wild Blackberry Jun l-8ep 1 - 3
Sagabrush May 1~Jum 1 10 -
Tansy Ragwort Jun 30«~Aug 1 2 1
 Sheep Sorrel Apr 15~Apr 30 - 1
' Quackgrass Apr 30-May 31 - 3
Hemlock Apr 1B~Apr 30 - 1
Pigweed May 1l-Aug 15 4 8
Yellow Star Thistle Apr 16-Apr 31 - 3
Willow Jun 1lé6~Jun 30 1 - -
Yardweed ‘ Apr 1o6-May 18 3 -
- Weeds (unnamed) Apr l=-Nov 30 49 228
Gress Mar 1l-Nov 30 43 17
Brush ¥ay 1O6-Aug 31 1 1
Radish May 1l-Jul 1 - 23
Hettles May l-May 15 1 -
Sunflower Jul 16-Jul 81 ' -
Defoliation Jun 1é-Nov 15 28 53
Two Pests

Canada Thistle~Fllaree Jun 16-Jun 30 1 -
Canada Thistle-Veteh May l-May il 4 i

5 w————

.-

| 433
3,930

4,217

15
7

—-——-

6L
525

62
82

;-

148

W iy

- -

5,210

535
10
337

-

585

- -

10
2l

Chemical used

E=bwl

Bwd1)

2-4-D

2-4~D, DDT, MCP

2-4-D op 24
24D, ATZ, MCP, 2-4-D. Brush Killer
2-4-D 2«&~gT
LoD

AT%, Dalapen

Dalapon

Ewbhmly .

BeduD, Z-g=5T |
2+4-57 Brush Killer 2-4-D

2-4-D a-4-51
2ed-D
ZwgeD
2-4~D, ATZ, Ammate Dalepon
Bwbml)

2e4-D, 2-4=-D3, Alanep, Dinitro Amine,
Pinitro General :

Led~D

2~4~D

Bwbe])

MH-40 (Paratoion) Killer, 2-4-D, ATY,
2-4~D8, Dinitro Gemeral, 1IPC, CMU,
Hormobtox, NACl, DCMU, Dinitro Amine
¢hloro IPC, IPC, DCMU, 2-4-D, AT4,
Dalapon, Kurmex oUW

2-4~D, Brush Klller

Z=bd=D

Z=d~D

BwdD

Dinitro Amine, Dinitro Genersl,
Bodlum Arsenate

BudeD
2-4-D
SedmD
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Mustard-Radish

Chemical nsed

Table 23.
Pest Time reange Number of Jjobs Acres treated
, r _ Ground Alr Ground
Canada Thlstle-Morning Glory Jun l-Sep 15 1 5 &7 58
Canuda Thistle~Lambs Quarter May 1l6~Jun 15 v P - 40
Canada Thistle-~Polson 0Osk Jun 1l6~-Jun 30 - 1 - 8
Canada Thistle-Wild Blackberry Apr lé-Aug 15 - 7 - b4
Canada Thistle-Poisgon Osk Jun 16~Jun 30 - 1 - 8
Canada Thistle~Tansy dagwort Jun 16~Jun 30 - 1 - 3
Canada Thistle~Plgweed May 1~Jun 1 - 5 - 102
Canada Thistle~Weeds May l-dun 30 6 1z 611 S04
Canada Thlstle-Grass ¥ay l6-May 31 - 1 - — 1
Canada Thistle-iadish May l1l-Jun 30 - 12 - 243
Gariie or oOnions-Veteh Apr 16-May 15 2 - 83 -
Gariic or Unions-Canads Thistle May 16-May 31 1 40 -
Garlic or Onions-Weeds Apr lé-ipr 30 1 - 110 -
Lambs Quarter-Mustard ¥ay l-Jun 31 1 1 32 15
Lambs Quarter-Russian Thistle Jun 1l-Jun 15 1 - 13 -
Lambs Querter-Plgweed May l16-Jun 15 1 2 33 54
Lambs Quarter-Weeds May lé-Mey 31 1 e 820 ———
Lambs fuarter-Radish ¥ay l-May 15 e 1 e i8
Cheatgrass~iyegrass Apr 16-Apr 30 i - 60 - i
Tussock-Radish Jun 16-Jun 30 - 1 - 10
- Cattualls-Weesds May 1-May 15 - i - 2
Dundslion-Flantain Jun l6-Jun 30 e 1 - B3
Hemlock-~Dandelion Apr 16-Apr 30 —— 1 ——— 4
Pigweed~Sunflower Jul l-Jul 31 1 - 10 -
Yellow Star Thistle-Mustard Apr lé6-May 31 - z - 29
Yellow Star Thistle~Brush Jul lé6-Jul 81 —— 1 - -]
Weeds (uwnnamed)-Mustard Apr lo6-Jun 31 1 2 90 22
Grass-wWild Blackberry Jun l-~Jun 15 - 1 - 5
Tarwveed-lustard Apr 1-May &1 54 i 7,411 6
Tarweed-Filaree Apr 1o-Apr 30 1 o 80 -——
Tarweed~Yardweed Apr l-May 31 % i 5,809 -
Mustard~Rugsian Thistle May lo-Muy 31 a - 3 745 -
Mustard-Vetech ¥ay 1-kay 81 - 3 e 43
Mustard-Morning Glory May l-dun 30 - 7 ——— 67
Musterd~Canada Thistle May 16-Jul 15 86 2 1,850 61
Mustard-Pigwesd May l-May 16 1 - 551 -
Jun l-Jun 15 - 1 - 60

Be4eD, Z-4=5T,

LwdwD

Embemi)

Emtk=l

Zwmdwil, a~4*5T Brush Eiller
Bwdwl)

Embwl

Smbdml)

&~4~0, Brush Killer
Ammate, Balmpon
Z=4=0, ATZ

Bwd=D v

Bwgwl)

Bwu])

B

BwlwD

Bedwl)

Lwd i)

Zed=D _

2~4-D, Dalapon
BwbiwD}

Ammate, Dalapon

By}

Ewd =]

Bodwl

Eweigwl}

Brush Xillier

Beg=l} ,
Uinitro Genersl
Ewd =D}

BedwD)

Em o}

Bwd el

B=d=D

 ZedeD

Gty 1)
2ed D
SedeD
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Chemical used

Pest Time range Number of Jjobs
Alr Ground
Fileree-Ausszlan Thistle May l-May 15 1 - 210 -
Russian Thistle-Yardweed ¥May l-May 15 1 -t 40 —
Vetch~Weeds {unnamed) Apr l-Apr 30 ——— 4 o 48
Morning Glaryw?igwa$ﬁ Jun l«Jun 15 - 1 - 76
Grass-Weeds Feb l-Sep 15 - 21 o 128
Brush-Weeds May l-Aug &1 - g —— 5
Sunflower-ifuatard Jun 1lé6-Jdun 30 1 o 248 -
Sunflower-Wesds Jul 1-Jdul 15 1 - 85 -
Fanweed~-Plgweed Jun 16-30 i —— 106 -
Detollation-VWeeds Jul 1=Jul 16 - 2 23 27
Fanweed~Weeds 1 - e 23 -
Diseases

Mold Jun l-Bep 15 8 ——— 153 -
Frult Rot (Strawbsrry) Jun le-JdJun 15 2 - 36 -
Brown BRot (Cherry) Apr lé«Jun 30 - 5 —— 25
Rot L Aug  l-Aug 31 ——— 3 - 11
Mildew ey l-aug 15 13 ——— 354 -
‘Fire Blight Jul 16-Aug 31 11 --- 884 e
- Rust-Weeds May 1-May 15 - 1 e 277
Lygus Bugs~Lambs Quarter Jun l~Jun 15 2 - 59 -
Walonut Bllight-Mosquitoes Juli 1-Jui 15 1 - 100 -

" Leaf Spot-Aphids Jui 16-Jdul 31 6 - 182 -
~ Rust-Mint Leaf Beetle Jul 16-Jdul 31 1 == 240 - e
Leafl Bpot-Lygus Bugs Jul 1-Jul 31 14 - 323 -
Weeds Sub-Total 330 555 40,339 9,049

Diseases Sub-Total 58 9 2,310 313

Grand Total 1,335 650 75,028 10,630

1,985 85,658

84D

Sl ]} ‘

Z~&~Dy MCP

Lowmbel)

Dinitro Ganer&l MU, DCMU, Polybar,
Bwd=D, 2~4~DT, A?w, B@fﬁt&, Borasau,
ehlefata, Dalapon

Brush Killer

Bwd el

Bubpmi)

Rmbml}

binitro Gen@ral

Bubewe])

Captan, Mslathion, Sulfur, Tepp,
Zirem

Zlrem

Sulfur

Sulfur

aptan, Copper Sulfate, ﬂi&tﬂan@,
Sulfur

Copper, DDT, Dithane, Zinebd
Dinitro amlne S

DDT, Toxephene, &w4-D .

Copper, DDT, Sulfur

DDT, Mulathion, Parathion

Qﬁ?, Dichlone

Copper,Sulphate, YUT, Paratbion,
ﬁcwm@r
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pest listed (Table 23) effects only one crop then the
apﬁlia&tian time range is quite meaningful. If, however,
it is a pest to several crops, as many weeds are, then the
application time may vary direetly with the crops involved
and they must be known to correctly interpret the data.

In this study a total of 85,658 acres were chemically
treated, in connection with 1,985 jobs, to control 65
individusl pests and 84 coubinations of pests. A total
of 42 gingle chemicals or 38 combinations of chemicals
were used for this purvose. The main type of insects,
weeds, and diseases, as listed in Table 23, will be cone-
sidered in that order. . The leading species for each type
of pest will be briefly discussed and presented in three

separate tables, each extracted from Table 23.
Chemical Ireatmenis on Insect Pesis

In this sgtudy over 33,000 zcres received insecticide
applications to ecntﬁal 36 varieties of insect pests and
28 combinations of wvarious varieties., These applicatians
were accomplished in 1,033 jobs and represented 38.5 per
cent of the complete pestieide sample in terms of acres.
Twenty-two different chemicals were used either separately
or in combination. DDT and malathion were the chemicals
nost commonly used. Nearly all the treatments were made
from the air. A short list of the main insects treated

is presented in Table 24.



sumnary of leading insects receiving chemical treatments:

Total acres, time range for treatmwenis and chemicals used.*

Total sores
treated

Time range for
treatments

Chemicals used

Table 24.

Leading Ho. of

insects jobs.
Weevil {Veteh) 220
Weevil (Pea) 243
Aphids 123
Aphids-RBeetles 33
Iygus-iiidge 37

8,582
4,314

964
879

May 16-dun 30
Hay 16-Jul 31
dJun 1-0ct 15

Jul 16-~Jdul 30

Jun 16-Jul 31

DT, parathion

DT, mala., para., rat.
Cop., DDT, sul., mals.
PATA .y TE?P, ays., meth.
DT, mala., para., sulf.

Adlr., DDT, sulf., toxa.

This data was extrac%eﬁ fram,fahle 23

LOT
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The vetch and the pea weevil treatments combined
constitued nearly half of the total insect work done. For
the two, a total of 15,601 acres were treated in 463 jobss
The veteh weevil had DDT and parathion applied and the pea
weevil had applications of these and also parathion and
rotenone.

Uther leadlng insects of the study were aphids and
the aphiéﬁabeetlas combination, Nine different chenicals
were used for treating over 5,000 acres infested with
these insects.

It is difficult to determine how closely the {timing
of the pesticide applications conformed to those recom-
mended by the college., <his is paritly due to the fact
that the actual date of treatment was not summarized any
closer than the "first half" or the "last half" of the
month., For the vedech weevil the college recommends appli-
cation of controls on June eighth plus or minus a week
depending on the season and elevation of the wvetch crop.
As ?ahle 24 shows, the range of dates of the study appli-~
cations for this pest was from Hay 16 to June 30. Ais
suggested previously, Hay 16 and June 30 could be con-
sidered as "outside" dates because of the manner in whiech
the application dates were summarized. 7The "inside" dates
for the treatment of the veteh weevil in this study could
very well have been Hay 31 and June 16. In order to be

effective, according to the College recommendations, these
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applications would have had to be made on the last day or
two of iay or the first few days following June 16.
Therefore, it would appear that the custom operator treat-
ment dates may have conformed guite closely to those
recommended by the College,

The applicaticn dates of pesticides for control of
the pea weevil were influenced by several things. lluch
of the weevil control work was done on canning peas which
usually are grown to mature at @iffaren@ times in order
to facilitate handling and processing at the canmery. To
accomplish this, planting dates are stagzgered and different
varieties grown. @ith different maturing dates, the
weevll attacks the peas at difflerent times and must be

controlled when it appears. In addition repeated pesti-

cides applications may be necesspary for weevil control on

the canning pea although usuallly one treatment is enough

for field peas. The combinsatidn of several of these
fuctors are the reasons for the range in application dates
(Table 24).
The aphid, the other major insect pest, is an insect
which attacks a variety of difflerent crops and for which
repeated applications of chenidals are usually necessary.
ihe proper time for application will vary with the crop

being protected and the aphid infegtation.
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Chemical Ireatment on Weed Pests

Hore weeds were treated for chemical control than
any other pest in the study. Over 58 per cent (50,088
acres) of the chemical treatmentsamade were on 29 '
varieties Gf weeds and 50 combinations of weeds. This
work was done in 885 jobs--555 by "ground" and 330 by
"air*, Over 90 per cent of the total ground chemical
work and well over half of the air work was for weed
control, giving a'gaad representative picture of herbiciﬁe
applications in Oregon.

Twenty~five chemicals were used geparately or in
combinations of two, three or four chemicals for herbicide
purposes (Table 2%). The only chemical of real importance
as far as acreages treated is concerned, was 244=~D, either
by itself oxr in ecmhiﬁatianst Table 25 is a summsry of
the leading weeds treated in the study.

"Jeeds" (unnamed) was the category with the largest
acreage receiving chemical treatments. This “catchall"
designation was used by the applicators when they 4id not
know the specific variety of weed or weeds they were
treating or when they were treating several kinds and just |
"lumped" them into one category. Undoubtedly both annual
and perennial weeds of many different types are included.
The majority of the "weed" f{reatments were done by ground

equipment in the Willamette Valley, where smaller jobs



Table 25« Summary of leading weeds receiving chenmical treatments:
Bumrber of jobs, total acres, time range for treatments
and chemicals used.*

Leading Ho« of Total acres Time range for Chemicels used
weeds Jobs treated treatonents ,
"Weeds" (Unknown) 277 9,140 Apr l-Nov 30 IPC, horm., Brushklr.,

2,4-0, CMU, ATZ, DCuHU,
Ammine, dinit. gen.

Grass 60 4,752 Mar l-Kov 30 Chloro IPC, IPC, UCHU,
244~D, karm,, dalapon

Tarweed=-ustard %5 1,471 Apr l-itay 30 2 44D

Tarweed~Yardweed g 3,810 Apr l-lay 30 244D

¥ Extracted from Ilable 23

11T
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predoninated and a diversity of weeds was found., Empha-
sizing the ilmportance and the diversity of weed control
problems in Oregonm it is significant to note that eleven
chemicalg were used for control purposes, exiending over
& period of eipght months (Table 25).

Graseg, a similar Yeatchall" grouping, included
treatments ranging from annual grass in perennisl grass
seed crops to Jobs such as grass growing sround buildings
and along roadways. Seven different chemicals were
applied in z nine month period.

Tarweed in combination with wustard, and with yard-
weed formed the other lsading weed pest groups. These
weeds, growing in ceresl crops {primarily wheat) in
Zastern Oregon, constituted eleven thousand acres in 44
jobs. The herbicide 2,4-D was used exclusively and
applied on dates ranging from April 1, to ikay 30. The
application dates recommended by Oregon State College for
thege conditions are from Harch 15 to 4pril 15. Ireat-
ments applied after the latter date usually do not give

a satisfactory control.

Chemical Ireatments of Plant Diseases

Very fow comnereisal pesticide treaiments were made
to control plant diseases. Some applications were made
to control & single disease, and other were made in an

L

attempt to control another type of pest as well. Bix



Table 26.

Summary of leading disease pesis receiving chemical treatment:

flumber of jobs, total scres, time range for treatments and
chemicals used.*

Time range for
treatments

Leading Ho. of Total acres
diseases jiobs treated
@ildew 13 354
Mold 8 153
Leaf Spot and
Lygus Bug 14 323

Chemicals used

Hay l-Aug 15
Jun 1-8ept 15

Jul I~dul 31

Cavt., cop. sulphate,
diathone, sulfur
Capt., malathion,
sulphur, TEI?, ziram

Copper, sulphate, 10T,
porathlon, copper

¥ Extracted from 18ble 23e

¢1T
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gingle diseases, four combinations diseases and insects,
one disease and weed coubinstion, and a weed-insect jck
coumprised the 2,623 acres that were treated in 67 jobs
(lable 23). Fifteen chemicals were used either separately
or in combinations for control purposes. Table 26 is a
swnmary of the major pests of this type.

diildew was the important plant disease pest. Between
day 1 and August 15, 354 acres were treated in 13 jobs.
ihe chemicals used for its control were captan, copper
sulfate, diothone and sulphur. The second important
digease, wold, had a total of 153 acres treated.

five different chemical or their combinations were
applied as pesticides. Because different crops were
affected by the same disease, the timing of treatments
varied,

The combination treatments of two types of pests as
examplified by leaf spot (a disease) and the lygus bug
(an iunsect) indicated that two types of pesticides can be
applied effectively if the chemicals are compatible.
Fourteen jobs comsisting of 323 acres was done for this
one type of operation. Copper sulphate, LDI, parathion

and copper were the chemicals used (Table 26).
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CHAPTER V |

CHEMICALS USED AS PESTICIDES

Pesticides are chemicals or mixtargg of chemicals
intended to be used for controlling, preventing,
destroying or repelling pests. The word is synoymous
(legally) with "economic poison®, and more appropriate
because some pesticides are not poisons in the customary
sense of being highly toxic to humans. As used in this
study, the term includes all insecticides, fungicides,
herbicides and defoliants that were applied to agri-
cultural crops and land uses.

Many commercially applied pesticides are dangerous
to hﬁmans, livestock, and the various forms of plant life
at least to some degree. Extreme caution must be used to
safeguard against harmful effects from the indescriminate
use of pesticides. The 3tate and Federal governments,
recognizing this, have developed regulations for applying
pesticides which are ridgidly enforced to safeguard the
public. The cammaraiél applicators of herbicides are
required to pass a written examination and obtain a
license for themselves and their equipment. Air men must
have special permits to drop any material from their
planes. Chemical producers must label the ingredients of
the pesticides and give directions for their proper use.

Food products going on the consumer market must pass
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toxiecity tests when they have been chemically treated.
Some of the more pertinent legal restrietions are included
in the zappendix under "Public Regulations Concerning
Ghemiéal Applications®.,

In chapter IV, many of the environmental influences
affecting the successful use of pesticides were brought
out. Another vital faet to consider is the use of the
right pesticide for the pest to be controlled. To obtain
a better understanding of the various pesticides, it 1s
necessary to know their general types as applied to pests.
In his Pesticide Handbook, Dr. Donald Frear of Pennsylvania
State University lists and discusases them somewhat as

follows:
INSECTICIDES
Stomach Poisons or ¥Protective Insecticides

Insects which eat plants and other types of edible
materials can usually be controlled by covering the sur-
face on which they feed or travel with a poisonous sub-
stance., These poisons are absorbed through the alimentary
tract and hence are called stomach poisons. 3Since they
are usually applied before the insect feeds on the plant
surface, they are sometimes called protective insecticides.

Most of the stomach poisons are inorganice chemicals.

Familiar examples of this type are lead arsenate, cryalite
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and sodium floride. Less commonly, chemicals such as
arsenic trioxide and sodium arsenate are used in poisoned

baits to control such insects as ants and gragsshoppers.

Contact Poisons or fradicant Insecticides

Insects which cannot be controlled by poisoning fheir
food supply (sucking inseets such as aphids), often may
be killed by direct applieations of suitable taxi@ sprays
or dusits. In order to kill insects in this m&nne%, the
toxic material must actually contact some part of the
insects' body. This may be accomplished in three ways:
(1) applying the material directly to the body of the
insect; (2) applying the materisl to the surface on which
the insect may walk or crawl (residusl treatment); or
(3) introducing the toxiec material into the air which the
insect breathes, which is called fumigation. BExamples of
chemicals used for direct or contact treatment are nico-
tine, petroleum oil, pyrethnum and parathion. Residusal
chemical examples are DDT, ehlorodane, methoxychlor and

adrin. No fumigants were included in the siudy.
FUNGICIDES

Iwo general types of fungicides are usually recog-—

nized: protective and eradicant.
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frotective Fungiecides

The protective fungicide is applied before the
disease appears, and serves to kill or inhibit the growth
of the fungus when it arrives on the material to be
protecteds Examples of this fungicide are seen in the
extensive use of gseed treatments against soil organisms.
Chemicals of this type most commonly used are copper
compounds, sulphur, organic mercury compounds and a

variely of synthetic organic compounds.
Sradicant Fungigides

Eradicant fungicides are less commonly used, but
inelude lime, sulphur, organiec mercury, formaldihyde, and
dinitro compounds, As the name implies, these are used
to "burn out" or eradicate fungi which have already

located and sre actually growing.
HERBICIDES

Selective Herbicides

Selective herbicides are thos chemicale which will
kill certain types of plants (weeds) without serious
injury to other desirable types growing in the same areas,
Until recent years, only a limited number of selective
herbicides were available, and these were not always

satisfactory. The discovery of 2,4-D, however has made



119
available an excellent selective herbicide and this‘
compound is now widely used. Various forms and formu-
lations of 2,4~D are now available. They all have the
property of killing most broad-leaf plants without injury
to grassesg, cereals and other monocotyledonous plants.

L related compound 2,4,5-T is effective in killing woody
plants, trees, shrubs, and brambles. Potassium cyanate,
MCP and mome orgsnie dinitro compounds are other examples

of selective herbicides.
Non-Selective Herbicides

Chemicals of this group are those which destroy all
forms of plant life. These are useful in eradicating
completely all herbage from ercp lands over grown with
undesirable species, or from roads, railways and canals.
Examples of this type of herbicides are sodium arsenate,

sodium chlorate and sulfuriec aai&.
PESTICIDES APPLIED IR OHREGOW

In this study pesticides of the various types dis-
cusged were applied to 85,788 acres of agricultural crops
and land uses. Of this total, 70,704 acres were sprayed
in 1,517 jobs, and 15,083 acres were dusted in 407 jobs
(Table 27). The chemicals used for the treatment of these
acres were also many and varied. Porty-two individual

chemical compounds and thirty-eight combinations of two,



Table 27. Summary of all chemicals applied by ailr and ground: HNumber
of jobs, acres, pound of chemical applied per acre, per acre
charges for application and chemical.

Chemical Hoe of Aores ILbss of chem. Application Chemiecal

dobs _ treated applied charges charges

Air
2=4-D o* 259 35,12745 9 § 1.14 $ .78
Bait Dx* 2 5040 10.0 1.26 e

Brush Killer

(2=4=~D, 2-4-3T} 8 1 15.0 4.0 1447 8.13
Captan D 5 62.0 1.9 3.02 . B
3 4 109.0 V 15 , 2450 2448
Total : 4 1?1 0 3.&? 2:69 2;48
Chloro IPC 3 29 %,988.0 244 1.04 23
Chloro 1PC, 1I¥C 3 1 18.0 o 100 e
Copper, DT D 6 2795 — 2¢334 e
5 8 19040 e 2449 ; e
Total 14 469.5 —— 238 o

Copper, Sulfur, ; |
npT D 6 784.0 2+24 s
Copper sulfate D 1 2540 2#0 2+00 3420

¥ § - Spraying
%% D - Dusting

02T



Table 27. (cont.)

Chemical No. of Acres Lbs. of chem. Application Chemical
Jjobs treated applied charges charges
Patathion 5 1l 11.0 e § 2.55 $ 1.09
Dalapon ] 1 45.0 35 l.24 ——
DoMUY 3 3 126.0 2+3 1.57 e
oD D 1 4.0 2.5 250 —
DD, Malathion D 1 5040 176 e
e D 239 5:851.5 1.0 1.95 +7T1
5 259 12,484.5 1.2 1.52 63

Copper sulfate, A
5 - 122.0 ———— 2250 ——
Total 6 172.0  — 2.35 —a—
DbT, Dichlone D 1 24040 ——— 300 R ——

DT, Diothone, ,

Sulfur, Captan b 1 20240 o 2400 ———
DpT, jMalathion 5 58 2,317.0 D 170  —
b, Halathion,

Toxaphene 5] 4 2795  — 1.75 ———
DpE, Malathion, , ‘
DDT, Hetacide,

Tepp b 1 68.0 —— i

3407

TET



Table 27. {cont.)

Chemical Ho. of Acres Lbs. of chem. Application Chemical

Jjobs treated applied ' charges gharges

DDT, Parathion D 1 17.0 e F 3%.29 . J—
S 18 398.0 Dt la72 167

Total 19 415.0 - 1.78 1.67

DDT, Sulfur D 11 262.0 i 1450 i
DDE, Bulphenone D 1 1040  — 300 4.00
DD¥, Toxaphene ] 6 280.0 ——— 175 ————
DDT, Ziram D 5 522.0 e 2412 s
Systox S 7 137.0 2 2450 P
Dinitro General 5 27 63940 1.4 2.52 1.48
Diothone D 6 180.0 7 1450 ———
Dithane D 5 473.0 140 2,07 e
IPC S 2 136.0 2.0 1.00 ————
Kolokill D 28 506.5 4447 3413 4.00
Lead Arsenate T 6 86.0 19.3 2.98 510
S 7 106.0 1.0 1.58 2493

Total 44 24702.0 240 2452 %e32
Halathion, DILT D 2 165.0 ——— 2.88 -
ialathion, Rotenone D 2 4£01.0 — 2.93 i
MCP 8 3 106.0 5 2.00 e
Hetacide b 1 4&@ 245 3a?5 ———
Methoxychlor D 6 43,0 240 2.91 e

o



Table 27. (cont.)

Chemical Ho. of Acres Lbge of cheum. Arplication Chemical

Jobs treated applied ; charges charges
Parathion 3 40 1,402.0 o4 $ 2.60 ¢ 1.43
Rotenone D 2 4730 > 250 s
Sulfur D g 306.5 40.7 250 ——————
Te})p n 8 . 152 +0 +4 4 &63 800
; S 2 N 34 L5 . 250 2,67
Total 10 192.0 o4 3.71 3.29
Tepp, HMalathion D 1 19,0 ——— 4.11 S
Toxaphene D 4 360.0 349 2.09 e
Total 54 1,474.5 3.3 1.78 st o
Toxaphene, Z2-~4=D 3 2 39.0 — 1.77 e
Toxaphene, Aldrin 8 2 15.0 o 173 e
Zineb D 3 430.0 Z2+4 2425 —————
diram b 3 46.0 el 217 —
Totals , , |
D 408 14,7360 . 3.6 2426 .88
3 927 60,330.7% 1el ‘ 1.33 =16
Air Sub Total 1,335 75,0663 |

Y



Table 27. (conte)

Chemical Fo. of Acres Lbg. of chem. Application Chemical
jobs treated applisd charses charges
Ground
244=D 3 343 563.0 +9 & 1455 ¢ 89
2y4~D, 244,57 3 2 8.0  — 3450 3:54
2,4=D, ATZ S 8 65,0 s 2.09 .65
2y4=D, 2,4~D3 S 1 16,0 62 100
2,4-D, Polybar 3 1 &3 e 60,00 146,67
2,4~DS 8 4 25.0 2.4 2420 4.772
Alanap 3 1 3.0 1.3 2467 PRS-
Aldrin 1 16 165.0 o 04 2.01 Te37
ATB $ l 2;&0 4 .~8 A 1316@
ATZ, Dalapon 3 2 10,0 e 1.62 8.76
Borascu D 1 1 2,000.0 80«00 150.00
Brush Killer 3 18 770 2e 2.78 339
Brush Xiller, Nu
Green {(fert.) 3 1 - 10.0 ——— 2.00 5.40
Chlordane 3 3 95.0 340 2451 15.47
Chloro IFC 5 7 56840 21 159 - 3.31
Cuu 5 20 17040 2.9 4.25 12,75
Cid, Borate,
g, DOMU 5 1 43.0 e 200 ————
Dalapon, 2,4~D, » ] ‘ ,
244,57 ] 1 o1 e 60.00 130.00
Dalapon, Ammate 3 % 8.0 —— - 6.38 53450
S 1 «1 5040 90.00

BE$101H]

210400

A



Table 27. (conts)

Chemical fo. of Agres Lhs. of chen. Application  Chenmical
JJobs treated avplied charees charges
oD D 5 470 1.9 % 1460 $ 2.50
LISk L 22 12640 242 1.82 Z.71
: 3 2 3540 5.8 343 211
Total 24 162.0 3.0 2417 2.56
Dinitro General 3 38 441.0 led 4.01 4,88
Dinitro General,

2,4~D, 2,4,51 3 1 50 S — 2420 9440
Dinitro General,

IPC 3 2 40 e 3.3% 11l.11
Dinitro Premerge 8 55 2,424 .0 1.7 2432 307
Heptachlor 8 9 3140 7ol 2.56 lé.L?
IP¢ 3 8 148.0 3l 2403 640
Kolokill D 4 840 5249 2.71 647
Lead Arsenate D 20 118.0 1746 1.84 698
ILead Arsenate, :

Copyper b 1 50 — 2400 11,00
Malathion 1 8.0 1.0 2.50 25
Malathion, Aldrin 8 1 1T .0 e 2.00 e
BCP 8 iz 23110 2 2‘705 ag‘?
Hii=-40 3 1 64 .0 7+0 2.16 s
Parathion - 3 5 140 5.0 Zel4 4412
Polybar S 1 el 500.0 T0.00 80.00
Sulfur D 3 3640 45.0° 2.00 3el7
Sodium Arsenate 5 15 139.0 4.0 2451 1.10

A
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Table 27. (cont.)

Chemiecal ' Ho. of Acres Lba. of chen. Application Chemical
. — Jobs treated applied _chaipes gharges
NiCl 5 1 20.0 200.0 $ 5.00 B e
ipPC, Hu Green
(fert.) 5 2 91a0 e 215 B et
Totals s
¥} : 62 24743
5. 390 10,3739
Sub total (ground) 652 10,721.2 o
Grand total (ground and
~ air) 1,987 85,787.5

~Chemical charges were included Tor only Ihoseé Jobs when Ihe Applicator
furnished the chemical. Where jobs were less than an acre the charges

are pro rated.

921
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three or four chemiecals were used to control some formfﬁf
pest. These chemicals were in different formulations
(spraye or dusts) and some were available in forms with
varying percentages of actual chemical per unit sold.
Because the parent acid or active ingredient varied from
less thon one per cent to one hundred per cent, all of the
chemicals had to be reduced to actual weight of the active
chemical ingredient itself. It was also necessary to do
this in order to get spray and dust weights on the same

basis.
Procedure

Tue chemicals ineluded in this study are considered
in much the same wey as were crops and pests. This whole
section is presented primarily for those interested in the
control of pests from the standpoint of the chemicals used
for that purpose. Table 27, divided by ground and air
applications, lists all chemicals used, éither separately
or in combinations. For each listing, total acres
indicate volume and valiéity of fhe sample. The average
pounds of a chemical applied per acre, the chemical charge
and what the application charge per acre was for each
chemical are the important parts of the Table. When a
chemical was used both as a spray and as a dust, the above
data is presented for each formulation ss well as a total

or average for.both.
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The discussion of the chemical is divided into those
applied by "air" and those by "ground", For each of these
two divisions, the major chemicals used for combatting
insects, weeds, disease or for defoliation are presented
in tables extruacted from Table 27, Upon completion of
the discussion of each, a brief comparison is mede between

the ground and the air spplications.

Aerial Applied Pestiecide

Nearly 8% per cent (75,066 acres) of the total pesti-
cide work done was from the air (Table 27). The 1,335
treatments (both spray and dust) were with insecticides,
herbicides, fungicides and defoliants. Twenty-nine single
chemicals and 23 combinations were used for thess
purposes., The leading chemicals are presented in Tavle
28 for each type of pest.

Substantially more acres were treated with DDT than
with any of the other insecticides. The DDT sample con-
sisted of 18,336 scres treated in 598 jobs (Table 28).

The chemicul was applied at the average rate of 1.1

pounds of active ingre&ient per acre with the average
charge for application $1.66 and for the chemical $0.65.
ialathion, used on 2,702 acres, had an average application
rate of 2,0 pounds, an application charge of $2.52 per

acre and a chemical charge of $3%.3%2. Toxaphene was the



Table 28. Leading chemicals applied by air: By pest type, number of
Jjobs, total acres, average pounds per acre applied, per acre
chargea for application and for chemical.* ,

Chemical No. of Total Averagze per acre
jobs acres Lbs. ol chem. Appliication  Chemioal¥¥
, Jtreated. applied charge charges
Insecticides ;
DT 598 18,336 1.1
Malathion 44 2,702 2.0
Toxaphene 54 1,474 3.3
Herbicide |
244D 259 35,126 «9 1.14 +78
Chloro IPC 39 3,988 244 1.04 ———n
Defoliants '
ﬁiﬁi tro Genersl 27 639 1.4 2« 52 1 «48
Pangicide
- Sulfuar 9 306 40.7 2450 .

¥ These data exiracted from Table 27. |
#¥% The chemical charges are included only when the applicator furnished them.

621
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other major chemical used.

Aerizl application of herbicides was the predominant
type of pesticide treatment. Of the eleven herbicides
used, the leading weed killer, 2,4-D had more acres
(35,126) treated than the rest combined. The average
application rate per aere was 0.9 pounds; the application
charge, $1.14; and the chemical charge $0.78 per acre.
duch of this work was treating wheat in large jobs in
Zagtern (regon and because of this volume the charges
were quite low. Chloro IPC, a selective grass killer,
was applied %o nearly 4,000 acres in 39 jobs. The
chenicsl was applied at an average rate of 2.4 pounds per
acre and was applied for an average charge of £1.04
(Table 28).

Dinitro general is an herbicide, yet is used as a
vre~harvest defoliant. In 27 jobs, 639 acres were treated
with an average of 1.4 pounds of agtive ingredient per
acre. The applieation charge was $2.52 an acre and when
the chemical was furnished the average charge for it was
$1.48,

Chemical applications to control diseases were limited
although fifteen fungicide or combinations were used
(Table 27). Several of these combinations ineluded
various insecticides as well. The leading fungicide,
dithane was applied in five jobs to 473 acres at one pound

per acre (Table 28). The average application charge was
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$2.07 per acre. Sulfur, the other leading fungicide had
306 acres treated in nine jobs. It was applied at an
average rate of $4.07 pounds and at a charge of §2.50 per
acre to apply it. These fungicides were ha%h *farmer
furnished" so no charge is indicated for the chemical,

The average figures for the chemicals listed in Table
28 show the composite results of all the jobs done with
each chemical regardless of the specific pests treated.
For the individual pests, these average rates varied

congiderable.

Ground Applied Pesticides

Pepticides were applied to 10,721 acres with custom
ground equipment (Table 27). The treatments consieted
of 652 jobs using herbicides primarily; yet including
some insecticide, fungicide and defoliant work. Twenty-
eight chemicals were used by themselves and sixteen com~
binations of chemicals were used to control pests. The
leading chemicals applied from the ground are presented
in Table 29.

Very little insecticide work was done with ground
equipment. For that done, eleven insecticides or combin~
ations of insecticides were used (Table 27), DDT, applied
at 3.0 pounds per acre, was the most common inaeet’treat~
ment (Table 29). In twenty~four jobs, 162 acres were thus

treated. The per acre application chzrge averaged $2.17



Table 29. Leading chemicals applied by ground: By pest type, number of
Jjobs, total acres, average pounds per acre applied, per acre
charges for application and for chemical.*

Chemical No. of Total , Averages per acre ; ’
jobs acres Lbe, of chem. Appiication  Chemicalir®
treated applied charge charges

Insecticides ) ‘

LT 24 162 340 $ 2.17 $ 3.36

Aldrin 16 165 32 201 Te37
Herbieides

Dinitro Premerge 55 2,424 1.7 232 3.07
Defoliants ;

Dinitro General 38 441 1.4 4.01 4.88

Sodium Arsenate 15 139 4.0 2.51 1.10

8 36 49.0 2400 3.17

¥ These data extracted from Table 27 T
%% The chemical charges ave included only when the applicator furnished thems

ZET



i33
and the chemical charge $3.36. Aldrin, the other leading
insecticide, was applied to 165 acres at an average rate
of 3.2 pounds per acre. The application chargé was $2.01
per acre and $7.37 was the charge for the chemicals used
per acre.

Over ninty per cent of the chemical applied by ground
methods were herbicides. The majority of this work was
with the selective herbicide 2,4-D:. A total of 5,631
acres were treated in 55 jobs. The average charge to-
apply 0.9 pounds of 2,4-D per acre was $1.55, and for the
chemical, $0.89. Dinitro premerge, a pre-planting weed
killer, was used to treat 2,424 acres in 55 jobs. The
chemical, applied at an average rate of 1.7 pounds per
acre, cost $2.3%2 to apply. The charge for the chemical
was $3.,07 per acre.
| Two defoliants were applied from the ground, namely
dinitro general, and sodium arsensate. The first was
applied at 1.4 pounds per acre to 441 acres in 38 jobs.
The application charge was $4.01 and the chemical charge,
$4.88 an acre. Sodium arsenate, used on 139 acres was
put on at the rate of 4.0 pounds. The c¢harge for this was
$2.51 and for the chemical, $1.10.

Pungicide applications from the ground consisted of
using sulfur to treat 36 acres, Forty-nine pounds of the
chenical was applied for an average charge of $2.00 an

acre. fThe charge for the chemical was $3.17 on the
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average.

As was the case with our application data, the
figures presented for the ground work are averages of all
‘the work done with each speeific chemical. The range for
the actual individual jobs done varied considerably de~-

pending on the type of pest to be controlled.

Comparisons of Ground and Air Applied Chemicals

The farmer has two alternatives if he wants to have
lands commercially treated with chemicals. He can have
it done by ground custom operators or have the "airmen®
do it. Quite naturally, then, it follows that he would
be interested in seeing the comparison of the rates of
application and the charges for the chemical and its
application using both methods. A& meaningful comparison
of this type can be made only when a au&atanti%; sample
of each is available. Table 30 lists comparative data
for the major chemical of each type, that is, an insecti-
cide, an herbicide, a defoliant and a fungicide.

Several things are apparent from Table 30. For three
of the leading chemicals, 2,4~D, dinitro general and
gulfur, the aumber of treatments (jobs) was ressonable
equal although substantially more acreage was treated by
air methods than by ground. DDT, on the other hand had

few treatments or acres covered by ground eguipment. TYet
over 18,000 acres were treated from the air. Purthermore,



fable 30. Comparison of leading chemicals applied by ground and airs
HBumber of jobs, acres, pounds of chemical applied per acre
and the per acre application charge.

Chemical Method of Ho. of Total
application jobs acres
freated

DDT Ground 24 162

Alr 598 18,336

244=-D Ground 243 5,631

Alr 259 35,126

Dinitro General Ground 38 441 <

Adr 27 639 1.4 2452
Sulfur Ground 8 36 49,0 2.00

Air 4 306 40.7 2450
¥ Does not include chemical charges ' T

qeT
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that which was put on from the ground was applied at a
rate nearly three times greater than air applications. ,
One of the reasons for this was probably the type of pest
contreolled from the ground required more of the chemical |
to effect adequate control.

Except for sulfur applications, the charges for
applying the chemicals were markedly higher when done by
the ground custom operators. One of the reasons why
sulfur applications were more expensive from the air might
be the additional weight the planes must carry. Obviously
the more weight or volume of chemical the plane must carry,
the fewer the acres that can be treated per f£light. This
necessitates more handling (labor), time and more flights
to treat a given acreage.

To understand the reagon for the different charges
made for the two methods of application, the nature of the
two busginesses should be noted. Commerciasl air appli-
cations operate on a very "extensive" scale, They are
primarily concerned with large acreages over a wide area.
The usual job size is large, the travel time both to and
from the individual job and between jobs is short, and
there is no equipment to load or unload at every job.
Because the equipment covers many acres in a short time,
the per acre cost is low and subsequently the charge to
the farmer is also lowe

The ground custom business has guite a different set
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of circumstances., The Jobs are small as a rule, with
many being epot epraying, lawn work, or orchard work, all
of which caunoct be done effectively from the air., Ihe
expanding use of the helicopter is "moving in" on the
orchard applications however., Hany times the ground rigs
muét be loaded or unloaded in moving to ﬁiffar@nt jobs
and the travel time between jobs is considerable. All of
these factors inecrease the cost to the applicator s¢ he
must charge more per acre for the treatments made.

To emphasize the characteristic difference between
"air" and "ground" charges for custom applications
attention is called to Tasble 31 and to Figure 2. The data
clearly indicates the influence of size of job on the
charge per acre for applicstion. As already mentioned
this results not only in consistantly higher rates for
ground work, but also, decreasing charges for both "air”®
and ground” as the size of the job increases.

(ne of the most significant differences between the
two methods of application is that the asrial applicators
usually do not “sell" the chemical but only the service
of applying it. As was shown in Table 27, the charges
were quite low on those chemicals they did furnish. It
is their general opinion that the swall profit made from
selling chemicals, when large amounts are used, does not

pay for the additional work of buying, handling and



Average application charge per acre (dollars)
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Figure 2, Application Charges As Related To Size Of Job
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Table 31. Ground and air application charges as
related {to size of job: Number of jobs,
total acres, average job size and average
application charge per 2018 .

st

Ground spplicatio ‘
Size of job Ho., of Total Average job Average charge*
(agres jobs agres

size _per agre
1.0- 3.99 123 3374 2:74 T+41
4,0~ 7499 155 981.8 6433 5450
8.0-15.99 176 2409242 11.89 3«99
16.0-~31.99 104 24395.0 23,03 3435
32.0-63.99 46 2,081.4 45425 3,00
6400 and up 25 ;1485‘2 ) 13{3&4; . ) 2 E
Ground Total 679 11,401.6 16479 $ 3.68
Air application
1.0~ 3,99 64 214.0 3434 $§ 3.05
440~ T.99 126 837.0 6.64 2.38
8,0-15.99 303 53,6788 12.14 2,28
16.0~31.99 382 9,126.0 23.39 2,10
32.0~63.99 327 14,894.5 45455 200
64.0 and up 71 68,397.5 184,36 o 165
4ir Total 1,573 97,147.8 61.76 $§ 1.78

¥ Does not inciude charye ZOT ONEMiCELe
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res&liiﬂg its. UThe ground opervator, however, usually makes
part of his money from both the application and the chemi-
cal. When small jobs are done, the farmer would usually
prefer to pay extra for the chemical and not have to worry
ebout obtaining its He (the farmer) is actuslly paying
the ground operator for his technical "know-how" in
obtaining the correct form and amount of the required
chemical and applying it. He often pays this through the

increased price of the pesticide.
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CHAPTER VI

FERTILIZER APPLICATION IN OREGON

In the preceding chapters, the primary concern has
been the application of insecticides, herbicides,
defoliants and fungicides., Commercial fertilizer appli-
cations also represented a significant part of some of the
custom operators' businesses. For this reason, consider—
ation will be given to some important aspects involved in
the application of fertilizer. Table 32 is a comparison .
of the amount of fertiliser work daﬁe with the total
custom applications included in the study.

Over 22,000 acres or 20.5% of the total commercial
work was with the application of fertilizers. The 252
jobs represented 11.2 per cent of the total jobs done and
the average size of job was nearly twice that of the
chemical treatments.

There was very little fertilizing done from the
ground. The extent wasg 27 jobs invelving 680 acres. For
this reason, in the following discussion it is assumed

that fertilizers were all applied from the air.



Table 32. Bummary of couparison of fertiliger applications with the
total commercial work reported in the study.

Uperation Ho. of Total Average  Average  Average charge Total

Jjobs* scres® job charge per acre application
— ; ; gize D6 b or_applicatio gharges
Fertilizer 25% 22,220 878 131.00 $ 1.49 3%,156.00
Total sample 2,253 108,549 48.2 T5.00 1.56 : 168,978.00
% of Total 11.2% 20.5% i e — 19.6%

* Those totals include JObS where Ffertilizer was applied in combination
with some other operatione.

(B



ADVANTAGES OF AERIAL FERTILIZING

501l andé Crop Vulnerabilit

The preponderance of work was done by aerial equip-
ment because of several advantages not enjoyed by ground
operators. Host fertilizer applications were made early
in the epring. At this time, the plants are just com~
mencing a period of rapid growth and development and
require large guantities of plant nutrients. 4lso there
is usually an abundance of moisture and an anticipation
of more precipitation later @g‘@&e éaaaan. This insures
the crop maximum Qpﬁertunity’ta get the full benefit from
the fertilizer. A liuniting companion feature of this
period of time is the vulnerability of the soil (and the
erop) to excessive "cutting up" or the other extreme,
conpaction, by ground equipment moving over it. While the
goil condition may be such that ground rigs cannot
function, air applicators obviously ¢o not have this
problem. If the crop needs to be fertilized, they do so
without regard to soll condition. The farmer gains two
ways: (1) by getting the fertilizer to the erop when it
can do the most good, and (2) by not damaging the erop or

80il or both when they are wvulnerable.

Isolated Areas

Areas maybe inexcessible to ground equipment not only
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because of goil conditions, but also physical barriers
such as topography, or sheer distance from the home base
area. 4n example of the latter might be the mountain
meadows in parts of Bastern Cregon. Hany of these msadcwa
respond faverably to the use of fertilizer, yet because

of distances and other terraine difficulties, ground
equipment cannot be used economically. Again, alr equip-
ment, with its complete independence of ground conditions
and its wide range of distance possibilities has a
distinet advantage.

Jobs can be done guickly from the “air“. The later
the scason gets, the more important this becomes, as the
difference of a few days may m&rkﬁdly affect the benefits
derived from the use of fertilizer. If the farmer relies
on his own equipment, the fertilizing operation may
represent an additional operation on & erop and campe?a
directly with his other spring work for the use of time,
labor and equipment. The aeriasl applicator can do in
hours what the farmer might need days to do, and not

interfere with other farm work either.

Aerial Applicaticn Less Expensive

Commereial air application of fertilizers was
relatively inexpensive when compared to the per acre
charges of ground applicators in this study. For the air,

the average application charge was $1.49 per ascre, and
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for the ground, it was $2.43 (Table 11). Depending on the

circumstances, there could be a substantial saving %o the
farmer if he hired the work done by airmen. The difference
in these charges can be explained in several ways. As was
mentioned in the chemical section, Chapter V, the size of
the jobs is an importent factor. Air operators depend

on a large volume of business which can be done in a short
time« By doing oig jobs, and having a central base to get
the fertilizers from, they reduce the time and labor
required to treat each acre. With lower per acre coata,
they can reduce their charges for the application. Ground
applicators must haul equipment and fertilizers from one
area to another and must load and unload these things

many times. The time required to treat each acre is
greater by ground, as is also the moving time from one Job
to the next. With greater amounts of labor invelved and
less treated acres, the custom ground men must charge

more to meet operating expenses.

Aerisl applicators often sesk fertilizer work s a
seasonal "fill in" when chemicals are not being applied.
For the pesticide work, many of the planes are equipped
for either spraying or dusting. With the dusting equip-
ment fertilizers can also be applied. with the equipment
already availsble, and without additional expense, they

can keep their labor and equipment busy during the slack
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Seasons.

Pertilizer work is slso done as a means of obtalning
the farmers' business later in the season when chemical
controls are needed. He may do the work at a greatly
reduced charze per acre in order to acconplish this. The
ground applicator because of his limited scope of operation
and additional equipment requirements cannot compete

econcmically for ehemieal business by this same neans.
CROPS TO WHICH FERTILIZERS WERE APPLIED

The results of the fertilizer sample show 22 different
crops or land uses thus treated. Table 33 gives a
conplete summary of all fertilizer work included in the
gtudy. |

The twenty-two categories represented, actually
included several minor varieties of crops or uses. An
example of this is Y"other grains® which contained cereals
guch as buckwheat, emmer, millet or spelts. For most of
these categories, more than one kind of fertilizer was

applied and at varying amounts and charges (Table 33).

Application Charges

For the application of all types of fertilizers there
was a wide range in the per acre charges. The lowest
average charge was §0.90 per acre for applying smmonium

phosphate to 20 aéfea of gtrawberries. The highest



fable 33%. Summary of the kinds of fertilisers applied by crops: Humber
of jobs, acres, total pounds of fertilizer applied, average

application charge per acre.

Crop Fertilizer Noe Total Total Averages per acre
of acres pounds Pounds Application
jobs fertilizer  applied charge

applied .

{urea) — 45 .0 24320 52 124

Total 2 82.0 10,560 —— 1.80

Oats Amm. Nit. 1 ) 960 128 1.47
Wheat Amma Nit. 30 7564 .0 522,040 69 «95
Anhydrous Amme 1 262.0 18,000 69 1.00

Total 34 T,862.0 54%,180 ——— «95

Grain wmizxtures  Amm. Hit. 3 11345 10,400 g2 1.50
Nu-Green 1 265.0 271,000 102 1400

Total 4 378.5 37,400 e 1.15

Other grains Amm. Phos. 1 40.0 4,960 124 1.25
Amme Hit. 2 41.0 2,440 84 1.60

Total 3 81.0 8,400 ——— 1.4

Lyt



Table 3%. {(cont.)

Crop Fertiliger Hoa Total Total Aversges per acre
of acres pounds Pounds Application
jobs fertilizer  applied charge

; applied
Alfalfa Amm. Hit. and |
Clover Amm. Sulph. 1 22.0 3,040 138 le64
Amme Nits 1 370 3,700 100 1.51
Superphosphate~
Boron 1 115 2,460 214 2435
Lime 1 _100s0 15,700 157 1.57
Total 4 1705 24,900 i 1.62
Vetch Land plaster 1 5040 5,000 7100 1.24
Bluegrass Urea 4 87.0 8,320 96 1.49
Fescue Amme Phos. 1 470 54920 226 1451
Amme Sulph. and
Amme Hit. 1 16040 16,640 104 1.04
Amm. Sulph. 3 4030 49,400 122 1.49
Total 5 61040 71,960 ot 1.37

8YT



Table 33. (cont.)

Crop Fertilizer Noe Total Total Averages per acre
of acres pounds Zounds Application
jobs fertilizer applied charge

, , applied

Ryegrass Amm. Phos. 4 745.0 145,280 195 ¢ 195
Amm. Phos. - Nit. 1 570 7,680 135 1.60
Urea 2 126.0 20,160 160 1.85
Amm. 3ulph. 76 5:290.5 982,570 186 207
Amme Sulphe - N
Amme Nit. 2 218.0 26,940 124 1.49
mt ) Ejul?hu -
Urea 15 1,106.0 174,429 157 1.82
Amm. Hit. 21 1,493.0 168,960 113 2132
Amme Nite - Cal. .
Kit. 1 7040 8,480 121 1446
Urea 12 1,123.0 134,800 120 1.63
Uran 2 136.0 2,473 182 L.50
Superphosphate __1 19.0 19,200 243 —2s
Other grasses Amne Hit. 1 142.0 29,200 206 2457
Urea 1 8:0 960 120 1.50
Total 2 150,0 30,160 ——— 2451
Pastures Amme Phos. B | 40.0 6,000 150 1.71
Amme Hit. 4 161.0 16,720 104 1.35
Urea P! . 10.0 3,040 104 1.30
Total 6 211.0 23,760 ———

1.43

6¥T



Table 33. {eont.)

Crop Pertilizer Hos Total Total Averages per acre
of acres pounds Pounds Application
jobs fertilizer applied charge

applied
Summer fallow Amme Sulph 1 24..0 2,400 100 $ 125
(idle land) Amme Hit. 3 7220 724,220 100 1403
Urea 1 20.0 2,000 100 1.25
sulphate of
Potash — 5.0 682 136 ; 3460
Total 6 TTL.0 17,302 — 1.06
Pepper Hint Urea 2 48,0 5,440 113 1.60
Tree fruites
(Cther) Amm. Hit. 1 140 2,000 143 1.71
Filberts and
Hazelnuts Amma. Nite 1 4.5 800 178 2444
Strawberries Amme PhoS. 1 20.0 400 20 +90
Urea - 23 656 .4 31,352 28 2+40
Urea -~ IPC 2 911 ] s e 2"’15
Hitrogen Solution _1 10.0 A1 11 200
Total 217 79545 31,86% —— 2+39
Beans Amme Nit. 2 400 6,000 150 2.07
Boron 1 12.0 500 ; 42 150

06T



Table 3%. (conte)

Crop Pertilizer HOo Total Total Averases per scre
of acres pounds Founds Application
Jobs fertilizer applied charge
Beets Amte Hite 1 100 2,000 200 $ 2420
Boron S 312340 2,500 221 1.00
Total g 1230 4,500 — 1.10
Potatoes Urea 2 2345 2,380 101 *
Uran 1 15 83 11 2492
fotal 3 31.0 2,463 e +57
Other uses Urea 1 10.0 —— . 2400
Amne Hite 1 1040 1,600 160 180
Grand Total o
Qr Fertilizer 253 22,2200 2,%34,885 118 $ 1.49
Average

* HNo charge

was made on 20

aores of this JObs

TCT



charge, $3.60 per acre, was for applying sulphate of
potash to five scres of idle land. The charges varied
with the type of fertilizer and the amount (weight)

applied per acre.

idajor Crops

Applications to five crops or land uses constituted
9% per cent of the fertilizer work done in the sample.
They were ryegrass, wheat, summer fallow, etrawberries and
fescue. The major erops fertilized are shown in Table 34,

Hearly half (10,698 acres) of the total fertiligzer
application were made on ryegrass. This was done in 138
Jobs and with an average Job size of 77.5 acres. Wheat
and summer fallow were the other msjor categories treated
and this acreage came primarily from Central and EBastern
Oregon. Large acreages per job, and light applications
of fertilizer and low per acre ahafga& were the rule.
Zxcept for the above wheat acreages nearly all of the
fertilizer work was done in the Willamette Valley and ai
a gubstantially higher charge per acre,

As can be seen in Table 34, when the average size of
Jobs get smaller, the charge per acre went up and vice
versa, #heat had an average of 23%1.2 acres per job and
an applicaticn charge of §0.95 per acre. For strawberries

these figures were 28.1 acres per job and a $2.%9 charge.



Table 3%4.

Extent to which leading crops were Tertilized: Number of
jobs, acres, average size of job and average application
charge per acre.

Leading crops Hoe of Acres Average size Average application
jobs of jobs charge
{acres) {per acre
Ryegrass 138 10,698 T7+5 $ 1.86
dheat 34 7,862 231.2 «95
Summer Fallow 6 771 “iZtien 1.06
Strawberries 27 760 28,1 2+39
Pescue 5 610 122.0 1e37
.

L
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The general relationship between size of job and appli- |
cation charge per acre is shown in Table %1 and Figure 2.
It should be remembered, however, that average Jjob size
is only one reason for changing charges for application.

The type of fertiliser snd its rate of applicaiion were

alac influential.

dajor Fertilizer

iwelve different fertilizers were applied to the
crops and land uses in the samples. These were applied
both individually and in combinations. Over two million
peunds of ammonium sulphats, ammeoniws nitraete, and ures
were applied to 19,000 acres in 208 jobs constituting
the majority of fertilizer work., Ammonium sulphate was
used primarily on ryegrass, ammonium nitrate on ryegrass
and wheat, and urea on strawberries.

The number of pounds of fertilizer applied varied
greatly between fertilizers and within the same fertilizer,
dmmonium sulphzate had a range of from 83 pound to 303
pounds applied per zcre while its average rate was 180.6
pounds. Table 35 shows this information for the three
leading fertilizers.

As was previously mentioned, the rates of application
are important in determining the per acre charges. Host

aerial applicators charge either completely or partially



Table 35. Summary of leading fertilizers: Number of jobs, acres,
total pounds applied, average pounds applied per aere

and range.
Fertilizer Fo. of Acres fotal Average pounds  Range in
jobs pounds applied pounds
‘ .aoniied per acre per acre
Ammonium Sulphate 81 5,740 1,056,410 180.6 83 - 303
Ammoniun Nitrate 73 10,520 856,280 8l.4 50 - 211
Hu Green (Urea) 24 2,458 238,912 97«4 55 - 210
Total 208 18,718 2,1%1,602 S commom

4sT
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by the pound of fertilizer which must be transported and
applied per acre. Two examples are cited, One airman
has a low flying cherge of $1,25 per aere which includes
applying 211 fertilizer up to the rate of 100 pounds per
acre. [For each additional pound a cent is charged. For
applying 150 pounds per acre, the charge would be $1.75
under this system. Another applicator charges a flat
rate of a cent or two & pound regardless of the pounda per
acre applied. Under this system application churges in
the example given would be either $1.50 or $3.,00 per acre

depending on the per pound charge.
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CHAPTER VII

SUMMARY AND COHCLUBIONS
Zstimated Losses From Pests

In recent years, losses to American agriculfure of
five, four and three billions of dollars amnuslly are
estimated to have been caused by weeds, insects and
diseases respectively. Oregons' share in these losses
is currently ¢stimated to be 50, 40, and 26 million
dollars, respectively, for each of the pest types. The
losses come about in seversl ways: namely, competition
with a crop for available plant nutrients and molsture;
attacks on the structure of the plant or its produce thus
killing the plant or reducing yields; and contamination
of the produect, thus reguiring additional handling aﬂﬁ
sorting to obtain a saleable product. Some indirect
losses include watershed destruetion, soil erosion,
egthetic value losses in recreation areas, and forage

losses to livestock and game.

Development of Pesticides.

Inereased intensification of agriculture, with the
subsequent increase in pests, emphasized the fact that
mechanical and chemical control measure being used

previous to the second world war were rapidly becoming
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inadequate. This situation was changed, however, with the
discovery of 2,4~D, a selective herbicide, and DDT, an
insecticide, These two and many more diverse and comples
- chemicals, which have been developed since 1945 have
enabled the farmer $o effect an ecomomic control for
nearly every pest in the crops he grows. #ithout doubt,
the rapid development and use of chemicals in farming has
been one of the major advances in the field of teehﬁical

agriculture.
Increase In Commercial Peati@idé Applicators

The increase in the complexity of chemicals and their
specific uses has led to the development of pesticide
specialists. 'The trend now is for the farmer to hire
commercial applicators to do the pesticide work. Because
chemical controls have only recently assumed their
important position, very little informastion is available
concerning their overall use. This study of commercial
applicators was made in order to find out such related
things as the crop treated, the pest attacked, the kind
and amount of chemical used, and the customary charge for

its applieation.
Progedure Followed in Siudy

In 1956, a practical worksheet, designed to contain
all the necessary information needed for the commercisal
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application business and for the College Study, was
developed. The cooperating custom operators filled these
out and periodieally sent them to the College. To tabulate
the data, code lists were developed for the operators,
counties, insects, diseases, weeds, crops, chemieals and
fertilizers. That is, a separate number was given to
each operator, each county, etc. The data were then
tabulated and later summarized with the help of IBM

equipment.
General Findings

4 total of 108,549 aecres of land in Oregon was com-
mercially treated by the cooperating applicators.
Included in the total are 15,08% acres that were dusted;
T0,603 that were sprayed, 21,924 that were fertilized and
939 acres that had "other" work done.

The average charge for these applications, not
ineluding the chemical, was §1.56 per acre. It is signifi-
cant that spray work was far wmore important than dust.
The main reasons for this were that sprays are cheaper to
apply, ean be put on in windy weather, and have a longer
residual effect than dust. The average per acre charge
for dusting was #2.28 and for spraying, $1l.42.

Of the total acres treated, 97,147 were air appli-
cations and 11,402 ground treatments. Air treatments

were cheaper than those made from the ground. The average



160
charge per acre was §2.04 for "ground" as comparsd to
1450 for "air",

The State Department of Agriculture estimated 573,574
acres were commercially treated in Oregon in 1956. The
study sample (108,549 acres) constituted 18.9 per cent of
this total. The commercially treated acres were located
in four of the six major agricultural areas in Oregon.
These were the Willamette Valley, Columbia Basin, Central
Oregon and the Snake River Basin. In Oregon, twenty of
the thirty-six counties were represented., Counties with
the leading acreage treated for weeds were Sherman,
Umatilla and Jefferson; for insects, Jefferson, Yamhill
and Benton; for disease, Yamhill, Marian and Lane. The
major fertilizer work was done in Linn, Umatilla and

Benton counties,
Pest Control

The best of pesticides may fall if used at the wrong
time or in the wrong way. There are many factors which
influence the successful control of pests. Such things
as correct identification of pests, knowledge of their
iife cycles, properties of the chemicals used as pesti~-
cides, aznd the influence of environmental factors are all
inportant for the custom man to econsider.

Chemicals were applied for pest control in 85,658

acres comprising 1,985 jobs. Seventy~one individual pests
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and 84 combinations were treated, Included were 36
individual insects and 28 combinations of insects, 29
individual weeds and fifty combinations, and six separate
diseases, Six combinations of the above jobs were also

ineliuded.
Chemicals Uged

Por pest control, forty~two individual chemicals and
38 combinations of two, three and four chemicals were
used. The chemical 2,4-D (a weed killer) was easily the
most impcrtamtg It was used to treat 40,757 acres in 602
jobs of primarily ailr work.

Charges for chemicals varied with the kind used, the
nethod of application and the individual applicators.
Most of the materizls used by air operaiors were farmer
furnished. The rest was charged for at about the list
price of the chemical. Ground operatars; on the other
hand, did smallexr Jobs and tended %o charge somewhat
higher rates for chemicals than did the airmen.

Two significant things can be noted about the appli~
cation charges for pesticides: (1) as the job sizes got
iarger for both "air" and “ground", the charges per acre
tended to decrease, and (2) for every job size the average
aerial charge per aere for application was markedly less

than for ground operations.



Fertilizers Included

Fertilizer applications, while not an integral part
of the chemical study, represented an important part of
some of the custom operators' businesses. There were
22,000 acres of fertiiimer work done. This was 20.5 per
cent of the ietal acreage reported in the study. It was
almost entirely dome by air. The airplane has the
advantages of being able to apply fertilizers when soil
conditions and growing crops are vulnearable; when the
land is isolated and difficult to reach by ground; and
when the saving of time is important. Air applications
are made in bigger jobs, less time and labor are spent
per acre and a larger volume of business is done. This
results in lower cosis per acre and is usually reflected
in & lower custom charge per acre to the farmer. Often
fertiliger work}is a seasonal f£ill in to keep men and
equipment busy, and also it may be a means of obiaining
the farmers chemical business later in the season.

Iwenty~two crops or land uses had fertilizers applied
to them with ryegrass, wheat, summer fallow and straw-
berries receiving the heaviest application. Twelve
different fertilizers were used, yet ammonium sulphate,
ammonium nitrate and urea were the only ones of importance.
Over two million pounds of these three were applied.

Ammonium sulphate alone accounted for one million pounds.
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scononics of Pest Control

the use of pesticiéeé on crops is of little wvalue to
the farmer unless they can be applied economically. To
get a clear picture of the relative costs of pesticide
applications for ten crops, the number of pounds of
produce required to pay for the chemical and its appli-
cation on selected pests was computed. In every case,
when compared with normal yields of the crops, very few
pounds of produce were estimated to be required to pay
for the p=st emntrel MEATULES

The net finaneial return to the farmer as a result
of chemical control practices is difficult to estimate,
yet it may mean the difference between a saleable product
and a partial or complete loss. Insect damare is the best
example of this, If the cherry fruit fly is not controlled
the wormy crop cannot be marketed oammercially*det, on
the basis of this study as little as three and one-half
pounds of cherries per tree (assuming fifty trees per
acre) will pay for the total cost of the chemical and the
three applications usually necessary for its control. An
example of the financial reward as a result of weed control
in wheet is the increase in yield by controlling tarweed
and mustard. Based on the findings of the $tudy; the
chemicul and its application can be paid for with less

than a bushel of grain to the acre. Experimental data



164
shows, however, than an average increase of four bushels
of whexzt per acre can be expected.

For the ten crops used as typical sxamples, cost of
coutrol of the major pests was very low when computed in
pounds of produce. The realized value received varied
from a few bushels increase as in wheat, to the value of
the complete crop in the case ¢f cherries. Based upon
the charges found in this study, it is believed that the
great majority of control measures here studied would more

-~ than pay for themselves under average conditions.
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APPERDIX
PUBLIC REGULATION OF CHEMICAL APPLICATIONS

introduction

Chemicals are used for pest control because they are
toxic to, and effectively destroy certain undesirable forms
of life. Many of these materials are also poisonous to
man and domestic animals. When the various pesticides are
applied there is a considerable difference in the pgriaé
in which they are actually effective in controlling pests.
Some chemicals such as TEPP, an organic phosphate, break
down and have no toxieity after 24 hours. Others continue
to be effective for a period of months and even years.

A natural consequence of many chemical control methods is
that parts of the treated crops may contain traces of
chemicals, known as residues, when the crops are harvested
and processed for human or animal consumption.

Residues can be hsrmful in two main ways: (1) as
contaminants of food they endanger the health of the con=
sumer. In large amounts they can produce rapid and
serious reactions. In smaller amounts they may be chronie
poisons, which gradually effeect the consumer until eventu-~
ally they influence his health, and (2) as contaminants
of animal feed they may affect the health of the animals,
either acutely or chronically, or they may be deposited
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in certain tissues or organs which are later consumed by

man.
Ihe Federal Food, Drug and Cosmetic Act

The gav&ramént, in passing the Federal Food, Drug
end Cosmetic Act of June 25, 1938 recognized that the use
of pesticides is naeess&ry both to bring many agricultural
food erops to maturity in a condition suitable for human
consumption and to protect many foode against insect
éepred&tieﬁ during manufacturing and storage. They
further realized that by and large, pesticides are
poisons, their foxicity varying only in degree., ‘he
terms of the law did not preclude the use of insecticides,
but they mede provisions which guarantee that when nséﬁ,
the health of the consumer eating foods so treated would

be protected.
The Miller Amendment

The most recent effort in Public Law 518 commonly
referred to as the Miller Amendment. This law has set
up tolerances for all pesticides in an effort to control
the amount of residue to which the consumer is expoged.
Under the law, food shipments bearing residues aboveytha
established tolerances will be contraband and subject to
selzure as adulterated.

When the Miller bill went into effect on 22 July
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1954, many observers felt it would bring disaster to the
pesticide industry; yet to date, it has caused no notice-
able cut back in the production of new insecticides. The
Food and Drug Administration announced recently that more
than 1,250 individual tolerances have been established.
This would indicate that there are accurate analytical
means of determining pesticide residue on crops, and that
extensive research has been done to establish what level
of toxicity would be harmful to the consumer. The
tolerance established has a wide safety factor; that is,
it would take about 100 times the maximum residue per-
mitted by this law to cause injury to humans.

The producer is the most susceptible to losses if
his products are seized for excessive residues. For him
it represents a direct monitary loss. The commercial
chemical applicator, while not directly concerned with
the farmers loss, must depend on the farmers patronage in
order to continue in business. It is obviously & good
practice for the appliecator to do all he can to help
farmers comply with the law.

Oregon Ecounomic Foison Law

In complying with the Miller Amendment, the most
important advice given to pesticide users is to read,
understand, and follow the directions on the label, In

aceordance with the Oregon Economie Poison Law, all
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pesticide materials are registered; ingredients are
labeled and adequate directions for its safe use on the
specific crops are included, If these directions are
followed, there is little chance that excessive residues

will remain upon the products



- TYPES OF PuSTICIDAL FORWULATIONS

few pesticides are suitable for use in their pure
state. There are many reasons why this is true. Some
chemicals may be waxy solids, or ¢ily liquids, unsoluble
in water, or in some way not readily useable in normal
chemical applicating equipment. Cheramicals may be so
toxic that they can not be applied in small enough amounts
to control the pest without excessive waste or undue
hazard both to the handler and to the surface to whieh it
is applied. It is usually not economical to apply most
pesticides in concentrated form. To secure coverage over
a wider area most materials are deluted before use. To
overcome these undesirsble characteristics and put the
chemical in its most desirable form is the Jjob of the
chemists and formulators.

For ﬁaa in agriculture, pesticides are prepared in
four different types of formulations, dusts, granulars,
wettable powders and emulsifiable concentrastes. In
nearly every case the technical grade pesticide which is
the basic toxie agent in its commercial form is already
mixed with a carrier into cne of the four formulations

before it is available for commercial uses
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Dusts as the name implies are finely pulverized
materials varying in their content of active ingredient
from less than one per cent up to ten per ceni or more,
depending upon the pesticidal setivity of the actual
chemicals These materials are uéually low in cost, easy
to apply and non-staining. 4 wider swath can be taken
by & duster than by a spray rig. Because no mixing with
water or oil is required there is a saving in time and
labor. Dusts are quite susceptible to wind ourrents and
are more apt to drift. Thelir resistance to wind and rain
is usually low so their residual life is less than that

of wettable powders and emulsifiables.
Granulars

A recent development in the chemical field is the
formulation of pesticides into large particle size for
direet application to the soil. Theee granulsrs are
similar in concentration to dusts, yet because of their

gize, granulara do not drift, and do not atick to foliage.
vettable Powders

Wettable powders are essentially the same type of
formulation a8 a dust, except that they contain a wetting

agent wnich facilitates mixing the dry matter with water
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to form a suspension rather than a solution. Wettable
powders have the ghyaieal properties important in appli-
cation, of wniformity of distribution, particle size,
wettability, and suspendability. They are noti as sus-
ceptible to drift as are dusts, and are more resistant

to weathering.

Emulsifiable Concentrates

The fourth type of formulation is designed for
mixing with wster to form a fairly stable suspension of
toxicant. This requires a special emulsifying agent to
stabilize the solution and to keep the various chemical
components from reuniting. Zmulsions are used for most
of the residual spraying work done. They must not be
applied where humans and domestic animals can come into
direct contact with them as the poison ingredient will
be absorbed through the skin. They also have a greater
teniency towards phyto~toxicity, probably because of the
presence of the golvent used to make the original

emulsifiable concentrates
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ORDER 0
Alr D Ground D Nc 21
Crop Dusting ....... [] Material
Spraying ..... [ Furnished by:
Peat_ Seeding ... [J Applicator ...[]
(Give name of insect, disease Fertilizing .. O Farmer ... O
o ) (Refer to W.O. No—
Date. Name Phone. Map No. No. of Fields ___
Date Promised Add Strip. Total Acres
MATERIAL RATES PER ACRE
PILOT OR SMHIP OR TIME ACRES useED WIND CHEMICAL OiL | H:O | WET AGENT
DATE OPERATOR RIG NO. AM. | P.M. | DONE|(ssl or Ibe.)[Bim [VEL |TEMP. | ACT. INGREDIENT [LBS. [GAL | GAL. | vES| WO
NORTH
APPLICATION: Deta Aerea @ $_— _per acre —

CHEMICAL: Brand

Ihe. Of] or
Amount. gl @8 _;WetAgemt ____ qul @ &

Figure 3.

TOTAL AMOUNTDUR ¢



Code
Eo.

151
111
148
161
108
124
112
127
116
128
180
129
114
166
103
106
109
130
133
160
113
122
134
152
110
123
139
107
102
164
147
135

CHEMICAL APPLICATION

Alderxr

Annual Bluegrass
Big Leaf Maple
Brush

Canoda Thistle
Cattails
Cheatgrass
Chickweed
Crabgrass
Dandelion
Defoliation
Dock

Dodder

Pan Weed
Pilaree
French Pink
Garlic or Onions
Goatweed

Gorse

Grass
Groundsel
Halogeton
Hemlock
Knotweed
Lambs Quarter
Larkgpur
Leafy Spurge
Morning Glory
Hustard
Nettles

Qak

Pigweed

¥ESDS

Code
Bo.

163
118
136
137
132
121
162
143
138
104
115
120
130
150
131
129
145
165
125
101
117
144
105
149
153
126
119
141
142
146
152
14
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PROJECT 1956

Plantein
Poison Osk
Puneture Vine
Purslane
Quackgrass
Rabbitbrush
Radish

Rat Pail Fescue
Russian Knapweed
Russian Thistle
Rye Grass
Sagebrush
8t. John's Wort
Sslmonberry
Scoteh Broom
Sheep Sorrel
Speedwell
Sunflower

Tangy Ragwort
Tarweed

Tussock
Velvetgrass
Vetch

Vine Maple
Weeds (unnamed)
White Top

Wild Blackberry
Wild Oats

Wild Rose (Sweet Briar)
Willow
Yardweed
Yellow Star Thistle



INSECTS
Code Code
No. Ko
301 Ants, Carpenter
202 "Ants" 338
303 Aphids 339
308 305
505 34)
70 342
satle 343
306 Asparagus Beetle 344
307 Blister Beetles 545
308 Carpet Beetles 346
309 Colorado Potato Beetle 347
310 Elm Leaf Beetle
311 Flea Beetles
312 Mint Flea Beetle 348

313 Powder Fost Beetle

314 Sawtooth Grain Beetle

315 Syneta Beetle

316 Tuber Flea Beetle

317 Western Spotted
Cucumbexr Beetle

318

519
320 “Beetles" (unidentified)

Borers
321 Clover Koot Borer
322 Peach & Prune Root
Borer
323 Peach Twig Borer
324 Raspberry Root Borer
%2% Shot Hole Borey
326
327 "Borers®

Bugs
328 Red Bugs
329 Box Elder Bugs
330 Bran Bugs
331 Grass Bugs
332 Lygus Bugs
333 Meadow Splttle Bugs
334 Sguash Bugs
335 .
3356
337 "Bugs"

349
350
351
352
353
354
335
356
357
558
359
360
361
362
363
564
365
366
367
368
369

370
371

372
373
374
375
376
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Bugs - continued
Caterpillars, Tent
Chaleid, Clover Ceed
Cockroaches
Curculio, Clover Root

Earwigs
Fleas

Flies
Carrot Rust Plies
Cherry Fruit Flies
Horn Flies
House Flies
Nareissus Buld Flies

"Flies"
Grasshoppers
Grubs, Cattle
Hoppers, Leaf
Insects, Scale

Lice, Cattle
Lice, Hog

"Iice"

Cabbage h*gget
Currant & Gooseberry
Haggot

Onion Haggot

Sead Corn HMaggot

"Maggota®
Mange, Hog



Code
Ho.

377
378
379
380

381
382
283
384
385
386
387
388

289
390
291
392
393
394
395
396
297
398
399

400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

INSECTS - continued

Maggots - continued

Midge, Clover Flower
#Midge, Ladino Clover
Seed

"iidge"
Millipedes
Miner, Spinich Leaf

Kites
Blackberry mite
Big Bud HMite of Filbert
Pear lLesf Blister Mite
Splder Mites
Walnut Blister #ite

"{ites™
Mosguitoes

oths
Bud Hoths
Clothes XNoths
Codling Koth
Diamond-Back Moth
#livert Moth
Hineols Hoth

*Motha"
Nitidulids
Paoclds

Pgylla, Pear
Psylla, Boxwood

"Pgylla®

Code
Keg

416 Silverfish
417 8lugs, Pear
418

419 "Sluge"

420 SBpiders

421 Symphylliids
422

423 ,
424 Roller, Filbert Leaf

177

425 Roller, Oblique Banded

~ Leaf
426
427
428
429
430
431
432
433

"Roller™"

Termites
Picks, Sheep

Hpioks!

fruit worn (straw-
berries)

Thrip

Tortrix, Orange

4354
435
436
437
fleevile
Alfalfs Wweevil
Clover Leaf Veevil
Clover Seed Weevil
Granary Weevils
Grass Weevils
Lesser Clover Leaf
feavil
Pea Leaf Weevil
Pea Weevil
Strawberry Weevil
(Root)
Veteh Feevil

438
439
440
441
442
443

444
445
446

447
448
449

450 "Weevils"

Tier, Omniverous Leaf



Code
Fos

451
452
453
454
455
456
457
458
459
460
461
462

Code

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223%
22%
233

INSECTS =~ continued

Worne
Cabbage woras
Corn Ear dornms
Cotoneaster VWebworm
Cutworms :
Horn Worm
Lesser Apple Worm
Sod Webworm
Spruce Budworm
Wireworms

*{orma™

"

DISEASES

51

No: FUNGI

Phytophtora Leaf and Twigg Blight (on holly)

Green algae (on holly)
Rust

Baeterial canker

Leaf Spot

Leaf and cane Spot
Black SBpot

Dollar Spot

Leaf curl

fold )

Red Thread (Pink Patoh)
Brown Patch

Fruit rot (strawberries)
Brown rot (cherries,
Root rot

Apple rots

Rot

Boron Deficiency

Zink Defieiency
Anthreenocse

Scab

Mildew

Pire blight

Filbert blight

Peach blight

178



, Code

223
223
224

275
276

710
701
702
703
704
716
719
731
728
724
723
729
725
725
730
721
726
710
710
720
714
727
732
704
727

722
723
720
714
750

DISEASES - continued

Ho. FUNGI

Walnut blight
Blight
Sycamore Leaf and Twig Blight (anthracnose)

NEMA TODES

Root Knot Bematodes
Potato eel worms

FERTILIZERS

Ammonium Nitrate (Nitraprills)
Ammonium Phosphate gﬁmmaphos~ 11-48
Ammonium Phosphate (Ammophos) 16~20
Ammonium Phosphate (Amuophos) 21-53
Amnonium Sulphate

Anhydrous Ammonia

Agua Ammonisa

Boron

Caleium Hitrate =

Complete Mixed Fertiligzer
Concentrated Superphosphate
Cyanamid

Gypsun

Landplasgter

Lime

8=24~0 Ligquid, plus Nitrogen
¥uriate of Rotash

Nitraprills

Nitrate

Nitrogen Solutions (From 20-49 % H)
Nu~Green

Rotassium Sulphate

Sodium Nitrate

Sulphate of Ammonia

Sulphate of Kotash

Superphosphate

Treble Superphosphate

Uran

Urea

Other fertiliger

179
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INDIVIDUAL CRCPS AND LAND USES
Code No. OCROP LAND

Cereal grains
ol Barley

o2 Corn

03 Oats

04 Rye

05 Wheat

06 Grains grown together as mistures

07 Qﬁhir %raina (buckwheat, emmer, millet, spelts,
L0

Hay and Forage crope
08 Alfalfe and alfalfa mixtures

09 Clover and clover nmixtures
10 Field peas and mixtures

11 Vetch and vetch mixtures

12 Other legumes

13 Bentgrass

14 Bluegrass

15 Brome

16 Fescue

17 Mezdow Poxtail

18 Orehard grass

19 Ryegrass

20 Sudan

21 Tuallatin Oatgrass

22 Wheatgrass

23 Other grasses

24 Root ecrops, kale, rape, etec., harvested for feed.
25 Pastures (usually cultivated)
26 Summer fallow or idle land

Specialty field and drug crops

27 Peppermint
28 Sugar beets

29 Plax

30 Dry field beans for food

31 Dry edible field peas

32 Hops

33 Other specialty field and drug crops

free fruits and nuts
34 Apples



35
36
51
38
39
40
41
42
43

44

46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62

64
65
66
67
68
69
70
71
72
73
74
75
0?6

Apricots

Cherries

Peaches

Pears

Prunes and pluma

Other tree fruits
Filberts and hagzelnuts
Walnuts

Other nut trees

Small fruits

Blackberries (tame)
Blaeck raspberries
Blusberries

Boysen and Youngberries
Cranberries
Gooseberries
Grapes
Loganberries

Red Raspberries
Strawberries

Other small fruits

Truck crags

Asparsgus

Beans

Beets

Cabbage

Cantaloupes and Huskmelons
Carrots
Cauliflower
Broecoli

Celery

Gorn, {(green)
Cucumbers

Lettuce

Onions

Peag

Zotatoes

Rhubarb

Spinach , ,
Sguash and pumpkins
Tomatoes

Turnips and rutabagas
Watermelons

Other vegetables

il81
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78
79

001
0az2
003
004
005

006
007

020
021
022
023
024
025
026
027
028
029
030
031
032
0373
054
035
036
037

055

Speeialty horticultural erops

Rursery erops

Plower bulbs, corms, and seed
Uther specialty horticultural crops

NON-CROP LAKD

Permanent pasture (non-tillable)

Rangeland
Timber

Other uses (waste, right of ways, fence rows,
irrigation ditches, etc.)

2,4«0 (2,4 dichlorophenoxyscetic acid)

2,4~DB

2,4-08 {ersg Herbicide) (BES) |
2,4,5~T (2,4,5-Trichlorophenoxyacetic acid)

CHEMICALS

(Trioxone)

2;4:5""&}3

Alanap (Phthalamie Acid)

Aldrin
Allethrin

Amino Triozole (ATZ)
Americen cyanamid 3911
American eyanamid 4124
Anmericen eyanamid 12008
American cyanamid 12009
Anerigan eyanamid 12013

Ammate (Ammonium Sulfamate)
Asmonium Sulfate (DNOC) (Elgetol) (Krenite)

Aramite
Arasan

Aromatic Solvent
Argenle compounds

Atlaeide (S
Atlas YA®
Azobenzene

Bait

odium chlorate)

{Sodium Arsenite)

182



056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071

090
091
092
093
094
095
096
097

098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
004
115
116
117

140

183

Bayer 21/199

Bayer 21/200

Bayer 28/63

Bayer 16259

Bayexr 17147

Bayer L 13/59

Benzene Hexachloride (BHG)
Bioguin I

Boron

Borate

Borascu

Bordeaux

Brush Killer

Buian

Butoxy FPolypropylene Glycol
Butoxy Thiocyanodiethyl ether

Cadmium Compounds

Caleium Arsenate

Caleium Cyanamide

Caleium Qyanide

Calomel (Mecurous Chloride)

Captan

Garbon bisulfide

Ceresan

Chloranil (Spergon)

Chlorate

Chlorax 40 (Chlorax liquid)
Chlordsue

Chlorea

Chloro 1IPC

Chlorobengilate

Chloropecrin (Trichoronitromethone)
Chiortetracycline

Chlorthion

Chromate complexes

CHMU (Karmex ¥) (Telvar ) (Monuron)
Copper

Copper Sulfate-~Tri basic

Corrosive Sublimate (Hecurie Chloride)
Crag fungicide 658

Orag fruit fungicide 341 C

Urag Herbicide (2,4-DS) (SES)
Cryolite

Cyanamide

Cyclethrin

Dalapon



141
142
143
144
145
146
147
148
149
150
141
151
152
153
154
155
156
157
158
159
160

161
162
163
164
142
165
166
16

168
030
169
170
160
152
171
160

159
161

200
030
201
202

184

DCB (Dichlorobutene)

DCHMU (Karmex DW) (Telvar DW) (Diuron)

NDD (TDE)

DoT

nove

Demeton (Systox)

Delrad

Diazinon

Dichlone {(Phygon=XL)

Dichloroethyl ether

Dichlorobutene (DCB)

Dichlorophenyl Benzenesulfonate (Ginite 923)

Dichloropropane - Dichloropropene (Shell DD)

Dichlohexylamine - Balt of DNOCHP

Dieldrin

Dilan

Dimethyl Carbate

Dimethyl Parathion

Dinite

Dinitro Amine (Premerge) (Sinox PE) (Amine
DNROSBP)

Dinitro General (DNOSBP) (Dow General)
(Dinitrophenol) ESinax Genaral}

Dinitro Selective (Dow Selective) (Sinox W)

Diothone :

Di Paramethyl carbinol

Dipterex

Diuron (Karmex DW) (DCHU) (Telvar DW)

Dithane

Dithioccarbamate

E%ﬁhia&yanaéiathyl ether

DHC ;

DHOC (Krenite) (Elgetol) (Ammonium Sulfate)

DHOCHP

DNOSAP |

DNOSBE (Dow Gerpral) (Dinitro General)

Dow Fume N (Shell DD} (Dichloropropane 0
Dichloropropene)

Dow Fume W-85 (EDB) (Bthylene Dibromide)

Tow General (Dinitro General) (DNOSBP) {Sinox
General) ‘ N .

Dow Fre?erg& {Amine DNOSBP) (Sinox W) (Dinitro
Amine

Dow Selective (NH4DNOSBP) (Sinox W) (Dinitro
Selective)

EDB (¥thylene dibromide)

Elgetol (Krenite) (DNOC) (Ammonium Sulfate)
Endrin

Endothal



203
204

210
211

151
215

220
221
222
223

230
231
232
233
234

240
109
142
030
241

245
246
247
248

255
256
257
258
259
260
112
094
261
262
260
263
264

EPH
Ethyl hexanediol

Ferbam (Fermate)
Purethrin

Ginite 923 (Dichlorophenyl Benzene Sulfanate)
Glyodin

HEPT (Hexaethyl Tetraphosphate)
Hentaehlor

Holeonb Compound %26

Hormotox (24-~D Amine)

Indalone

ixa

Isobornyl thioeyan Cacetate
Isodrin

Iaolan

Karathane | |

Karmexz ¥ (CMU) (Monuron) (Telvar W)

Karmex DW (DCHU) (Diuron) (Telvar DVW)
Krenite (Elgetol) (DNUC) (Ammonium Sulfate)
Kolokill

Lauseto Heu
Lead Arsenate
Lime

Lindane

Hagnesium Chlorate

Molathion

Maleic Hydrazide (MH 40 or 30)
Haneb

Hatlox

HOP? (uePa) (Methoxone)

Mecuric Chloride %Garrasive Sublimate)
HMecurus Chloride {Calomel)
Metacide

ethaldehyde

lethoxones (MCP) (MCPA)
Hethoxyechlor

liethyl Bromide



265
266
267
257
268
109

2890
281
282
283
284
235

295
296

300
301
302
303
304
305
020
3006
307
149
308
309
310
311
%12
213
314
159

315
316
317
318
319
320
321

345

136

Hethyl-1 Haphthalene Acetic Acid
tethyl Parathion

i3~-40 or 30 (Maleic Hydrazide)

o l;’)&f{?x

HGK 264

donuron (CiU) (Karmex W) (Telvar W)

Habam

Haphthalene Acetie Acid
Hemogon

Neotran

Nicotine

¥ED

01l emulsions
Qvotran {(Ovex)

Para-oxon

Parathion

Parzate

PCNB (Penta Ghlgrenitrabenzenﬁg

Penta (PCP) (Pentachlorophencl) (Terrador)
Perthane

Pnthalamie Aeid (Alanap)

Phenothiogine

Phenylmercury compounds

Phygon XL (Dichlone)

Piperonyl Butoxide

Piperonyl Cyclonene

Piraginon

Polybay

Polysulfide

Potagan

Fotassiun Cyanate

Premerge (Dinitro ﬁmiﬂe) (Sinox PE)} (Amine
DNOSBP)

Prolan

fropylisome

Puratized Agricultural Spray

Zyrazoxon

Pyrethrins

Lyrethrum

Pyrolan

Rotenone



350
351
352
004
353
152

354
355
356
159

160

35
- 358

036
" 035
360
093
361
362
303
364
365
366
146

380

281

143
109
142
%82
504
383
384
385
386
111
105

405
406

187

sSchradan

Senesan

Seganin

Sesamolin

Shell 1D (Dighloropropane - Dichlpropropene)
(Dowfume N)

Shell 038 1836

Shell 05 2046

Silvex

3inox PB (Amine DNOSBP) (Dinitro Amine)
{ Premerge)

Sinox W (NH4DHOSBP) (Dow Selective) (Dinitro
Selective)

Streptomyein

Sodium Arsenate ,

Sodium Arsenite (Atlas “AM)

Sodium Cyanamide ‘

Sodium Ethyl Xanthate

Spergon (Chloranil)

Strobane

s trychnine

Sulfur

Sulfotepp

Suifoxide

dulpheone

Systox (Demeton)

Tarter Bmetic

TCA

IDE (DDLD)

felvar W (Karmex W) (CMU) (Monuron)
felvar DW (Karmex DVW) (DCMU) (Diuron)
TEEP

Terrador (Pentachloronitrobenzene)
Thiocyanocethyl laurate

fhiram

Thylate

Toxaphene

iri-bagsic Copper Sulfate

iri Choronitromethene (Chloropecrin)

Ureabor

Vapan
Virus



410
411

415
416
417
418

Yellow Cuprous Oxide
Yellow Cuprocide

sderlate
Zinc
Zineb
Zivan

188





