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FOREWORD

. Environmental protection efforts are increasingly directed towards
preventing adverse health and ecological effects associated with specific
compounds of natural or human origin. As part of this Laboratory's research
on the occurrence, movement, transformation, impact, and control of
environmental contaminants, the Technology Development and Applications
Branch develops management and engineering tools for assessing or controlling
toxic substances in the environment.

The toxicity and persistence of pesticides and their decomposition
products are probiems of major importance to those concerned with environ-
mental quality. Because of widespread pesticide pollution and because of
high economic costs of pesticide controls, alternate ways of controlling
insect pests should be considered. This report analyzes various insect
control strategies for two important agricultural crops and estimates the
economic benefits and costs of each program as an aid to environmental
decision-makers and research planners.

David W. Duttweiler

Director

Environmental Research Laboratory
Athens, Georgia
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ABSTRACT

To develop an analysis of alternative insect control technologies, data
on current, potential, and future insect control techniques on cotton and
corn were assembled using information provided by 31 leading entomological
specialists in 29 states. Cotton and corn were selected for the analysis
because 64% of all the insecticide in U.S. agriculture is applied to these two
crops. The insecticide Tevels and application costs supplied by the entomo-
Togical experts, plus estimates of the other costs involved with various in-
sect control strategies, indicate that many insect control strategies that
may significantly reduce insecticide use on cotton and corn may be more eco-
nomical than strategies currently being used.

An analysis of alternative insect control technologies in corn revealed
that few opportunities exist to employ alternative strategies because only
about 1 1b of:insecticide is applied per acre. The prime pest on corn is
the rootworm complex and the practical alternative control is crop rotation.
Employing rotations would reduce the quantity of insecticide used in corn by
about 71%, but this would be accomplished at an increased annual cost of
nearly $90 million.

Cotton is currently treated an average of about 4.4 times with about
13.3 1bs of insecticide per acre per season. Several alternative technolo-
gies are available for reducing the large quantity of insecticide applied
to cotton. If the United States adopted various alternate insect control
technologies for cotton in regions where feasible, the reduction in number
of treatments and insecticide used per acre per season would be as follows:
a scouting program reduced the number of treatments by 1.6 and insecticide
by 4.8 1bs; a diapause/scouting program reduced treatments by 3.2 and

insecticide by 10.2 1bs; trap crop/scouting program reduced treatments by

3.8 and insecticide by 10.9 1bs; a short season/scouting program reduced
treatments by 3.9 and insecticide by 11.7 1bs; a resistant/scouting

program reduced treatments by 4.8 and insecticide by 14.4 1bs; and a resistant/
short season/scouting program reduced treatments by 5.4 and 16.2 1bs.

Detailed static and dynamic analyses of insect control strategies for
cotton and corn were run and information was provided on economic costs,
insecticide usage, acreage utilized, and regional changes in production.
An important finding with cotton was that selecting the most economical
control strategy in each region resulted based on a static analysis,in an
annual reduction in insect control costs of $81 million and also reduced
total insecticide usage by about 40%.

A significant finding was that if cotton production could be allowed
to shift naturally in the nation, insecticide use and cotton production
costs would be greatly reduced. Cotton production would shift from the
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southeast and far west into Texas, Oklahoma, and the Delta states. This
implied that insecticide use in cotton could be reduced more by allowing
regional shifts in production than by adopting scouting or any other insect
control strategy. The high level of insecticide use and associated environ-
mental pollution appears to have been an externality of U.S. Government
allotment programs.

This report was submitted in fulfillment of Grant No. R802518-02 by
Cornell University under the sponsorship of the U. S. Environmental
Protection Agency. This report covers the period April 1975 to February
1977, and work was completed as of February 1977.
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INTRODUCTION

Since 1945, production of synthetic pesticides has grown to over 1.4
billion pounds annually (Figure 1) and more than half this amount is
applied to agricultural crops (Table I). Recent estimates of crop losses
due to insect, pathogen, and weed pests are about $18.2 billion or 33% of
our crops in spite of all pest controls (Table II). According to survey
data collected during past decades, crop losses due to insects increased
about 83% from 1942 to 1974 (Table II). Plant disease losses during the
same period increased 14%, while weed losses declined 42%.

Another substantial loss of crops occurs post-harvest. Losses oT
stored foods to insects, rodents, and microorganisms are estimated to be
about 9% (USDA, 1965). In the U.S. a total of 39% (33% + 9% of the
remainder) of our food supply is lost to pests during the pre- and post-
harvest periods.

Although the overall percentage of crop losses to insects has in-
creased, as mentioned, despite the application of insecticides, important
advances have been made in reducing insect losses in some creps. For
example, losses in yield and quality from potato insects declined from
22% in 1910-35 (Hyslop, 1938), to 16% in 1942-51 (USDA, 1954), and to 14%
in 1951-60 (USDA, 1965). This reduction is expected, considering the
effectiveness of insecticides in controlling the major potato insect pests.
In Minnesota, insecticides are reported from 1945 to 1975 to have contri-
bute? to doubling the yields (D.M. Noetzel, University of Minnesota, letter,
1976).

In contrast, losses in apples caused primarily by codling moth and
apple maggot generally have not declined with increased use of organic
insecticides. A 10.4% loss in yield and quality was reported for the
period 1951-60 (USDA, 1965). This loss pattern reflects not only the higher
quality standards for salable fruit but also a possible decline in sanita-
tion and other cultural controls formerly practiced in orchards for control
of these pests.

According to USDA estimates, insect losses also have been increasing
in a major grain crop, corn. A 3.5% loss was reported for the period
1942-51 (USDA, 1954) and 12.0% loss for the period 1951-60 (USDA, 1965).
Factors contributing to increased corn losses due to insects include the
continuous culture of corn on the same land year after year (increasing
rootworm populations and attack) in some cases planting of corn types
susceptable to attack by insects (e.g., corn borer) rather that resistant
corn types, and the use of herbicides such as 2,4-D which increases pest
problems on corn (Oka and Pimentel, 1976).

1



Millions of Pounds

1400

1200

1000

800

600}

400

200}

1947 50 55 60 65 70 75
Years:

Figure 1. Estimated amount of pesticide produced in United
States (USDA, 1971; Fowler and Mahan, 1975).



Tahle I, Some examples of percentanes of crop acres treated, of pesticide
amounts used on crops, and of acres planted to this crop {USDA,
1968; 19703 1975a).

Insecticides Herbicides Fungicides % of Total
Crops % Acres % Amount % Acres % Amount % Acres % Amount Crop Acres
Non-Food NA 50 NA2 NA <0.5 NA 1.26
Cotton 61 47 82 6 4 1 1.1
Tobacco 77 3 7 HA 7 NA 0.1
Food NA NA NA NA <0.5 NA 98.74
Field Crops NA NA NA NA NA 19 NA
Corn 35 17 79 41 1 NA 7.43
Peanuts 87 NA 92 3 85 4 0.16
Rice 35 NA 85 2 0 KA 6.z22
Wheat 7 NA 41 7 0 NA 6.11
Scybeans 8 Z 88 1 ? KA £.19
Pasture Hay
& Range 0.5 3 ] 9 0 NA 68.40
Vegetables NA 8 NA 5 NA 25 NA
Potatoes 77 NA 51 NA 49 12 0.16
Fruit NA 13 NA NA NA NA NA
Apples 9] 6 35 NA 67 28 0.07
Citrus 88 2 22 NA 58 13 0.08
A1l Crops 6 54 17 36 0.9 10 100

anot available



Table II. Comparison of annual pest losses in agriculture for the periods
1904, 1910-35, 1942-51, and 1951-60 and an estimate of losses

for 1974.
Insects Diseases Weeds Total Loss Potential
Production
$2 %b $2 %b $2 %b $2 %b $2
1974 7.2 13 6.6 12 4.4 8 18.2 33 65
1951-60° 3.8 12.9 3.6 12.2 2.5 8.5 9.9 33.6 29.5"
1942-519 1.9 7.1 2.8 10.5 3.7 13.86 8.4 31.4 26.7
1910-35" 0.6 105 NAT NA MA NA NA WA 5.7
1904¥ 0.4 9.8 N\ NA NA NA NA NA 4.1

3Bi119on dollars:

bPercentage of estimated dollar crop losses on a crop-by-crop basis.

cE§timated based upon discussions with various pest control specialists in
di fferent parts of the United States.

dyspa, 1974
€usDA, 1965

fPest losses [for 1960] + Actual Crop Production [for 1960.(USDA, 1961)] =
Potential Crop!Production $9.9 billion + $19.6 billion = $29.5 billion

Suspa, 1954
hyysiop, 1938
TNot available

jlnsact losses and crop production estimates for 1935 (USDA, 1936)

Kyiar1att, 1904



Cotton losses to insect pests in spite of all control measures are
estimated to be 19% (USDA, 1965). Without any insecticide used it was
estimated that cotton losses would increase to about 31% (Pimentel, 1973;
Pimentel and Shoemaker, 1974). To hold insect losses at an estimated 19%
for cotton and an estimated 12% for corn, about 200 million pounds of
insecticides are applied to these 2 crops (USDA, 1970; 1975a). This amounts
to about 64% of all the insecticides used in agriculture (USDA, 1970; 1975).
Of all the acres treated, corn, sorghum, and cotton represent 63% of the
cropland area treated (USDA, 1975a).

The total value of these insecticide applications, including materials
plus application costs, totals nearly a half billion dollars. This
represents a significant cost in cotton and corn production.

In addition to the economic costs, there is an important environmental
cost. The available evidence suggests that current methods of pesticide
use are a hazard to a few species of birds and several species of fishes
and beneficial insects (Pimentel, 1971). The full extent of the damage to
the life system (biota) from the use of pesticides is difficult to assess
because the investigations have involved less than 1% of the estimated
200,000 species of plants and animals existing in the United States.

We should be concerned about the environmental impact of pesticides on
the 1ife system because the maintenance of our life system is vital to us.
We cannot survive with only our crop plants and livestock. The great variety
of species are essential for a viable life system. We depend upon the many
species for the maintenance of a quality atmosphere, for growing crops, and
for the biological degradation of wastes. Oxygen is produced by plants for
man and animals. This oxygen (as both oxygen and ozone) also screens out
the lethal ultraviolet rays from the earth's surface. In addition, the
plants are food for many animals, passing their life-support elements
(C, H, N, P, K, etc.) to the animals in the food chain. The microorganisms
assist in degrading wastes and dead organisms and releasing the vital
elements for recycling in the ecosystem. In this way, species of the life
system interact and keep the 1ife system functioning--of which man is a part.

In addition to this effect of pesticides on man's vital life system,
pesticides may directly affect the health of man. At present the prime
danger of pesticide poisons is the increased use of insecticides with higher
levels of toxicity to man (Cronin et al., 1969). An estimated 14,000
individuals are poisoned (200 fatalities) in farms and homes annually from
exposure to pesticides (EPA, 1974). Although the public is exposed daily
to low levels of pesticides in their food, there is as yet no clear evidence
of danger. However, the available data on long-term, low-level effects of
pesticides to public health are scarce and incomplete. Indeed, the data
suggest that we should be watchful and cautious (Cronin et al., 1969).

Because of widespread pesticide pollution and because of high economic
costs of pesticide controls, alternate ways of controlling insect pests
should be considered. Hence, the objectives of this study are to: (1)
Determine what control techniques are currently being employed in cotton and



corn insect pest control in the major production regions of the U.S.;

(2) Determine what potential control techniques may be available in the
near future; (3) Assess each of the control techniques for its economic
and environmental benefits and costs; and (4) Analyze various insect pest
control strategies on a national basis and estimate the economic benefits
and costs of each program and quantities of insecticides used. The
information gathered should aid the Environmental Protection Agency and
other groups concerned with pest control and pesticide use in their
policy decisions and at the same time help research planners determine
priorities for pest management investigations.



SUMMARY AND CONCLUSIONS

From 31 Teading entomological specialists in 29 states data were
assembled on current, potential, and future insect control techniques on
cotton and corn. Cotton and corn were selected for an analysis of alternative
insect control technologies because 64% of all the insecticide used in
agriculture in the U.S. is applied to these two crops. The insecticide levels
and application costs supplied by entomological experts, plus estimates of
the other costs invelved with various insect control strategies, indicate
that many insect strategies which may significantly reduce insecticide use
on cotton and corn may be more economical than strategies currently being
used. The findings of this study are included under the headings of the
following three analyses that were made:

THE ANALYSIS OF INSECT CONTROL TECHNOLOGIES

An analysis of alternative insect control technologies in corn revealed
that few opportunities exist to employ alternative strategies because of the
relatively small amount (about 1 1b) of insecticide applied per acre. About
17% of the total agricultural insecticide is used on this crop because of
the large acreage (65 million acres) of corn grown in the U.S. The prime
pest on corn is the rootworm complex and the practical alternative control
is crop rotation. Employing rotations would reduce the quantity of insect-
icide used in corn from about 30 million 1bs to about 9 million 1bs, but
this would be accomplished at a cost of nearly $80 million (estimate of
dynamic analysis).

Cotton is produced on only about 13.1 million acres and is currently
treated an average of about 4.4 times annually with about 13.3 1bs of insect-
icide per acre. Several alternative technologies are available for reducing
the large quantity of insecticide applied to cotton. If the United States
adopted the following insect control programs in cotton regions where
feasible, the number of treatments and insecticide applied per acre per
season would be as follows: a scouting program reduced the number of treat-
ments by 1.6 and insecticide by 4.8 1bs; a diapause/scouting program reduced
treatments by 3.2 and insecticide by 10.2 1bs; trap crop/scouting program
reduced treatments by 3.8 and insecticide by 10.9 1bs; a short season/
scouting program reduced treatments by 3.9 and 11.7 1bs; a resistant/scouting
program reduced treatments by 4.8 and insecticide by 14.4 lbs; and a
;Esistant/short season/scouting program reduced treatments by 5.4 and 16.2

S.



STATIC ANALYSIS

. If the location and acreage of cotton production remains constant, it

1s estimated that the implementation of several currently available insect
control alternatives can reduce cotton insect control costs by $81 million

and insecticide use by about 40%. The implementation of cotton insect control
methods which should be available within 5 to 10 years are estimated to reduce
annual insect control and insecticide use by 71% in quantity.

No single insect control strategy for cotton is best throughout the
nation. Clearly a combination of insect controls is best and these will vary
from region to region. Except for a couple of regions scouting is one
strategy that is a part of the combination programs.

DYNAMIC ANALYSIS

Adoption of currently available cotton insect control strategies could
reduce insecticide use by 1uv to 34%and at the same time reduce insect control
costs and total crop production costs to farmers. Since the optimum insect
control strategy differs from area to area, adoption of any one control
strategy, such as scouting, scouting-diapause or scouting-trap crop, for the
entire U.S. would reduce insecticide use and production costs less than is
achievable when each area used the strategy that is best for that region.
Implementation and administration of a policy which required each region to
use the best strategy for that region would be difficult. A set of criteria
for selecting appropriate strategy for each area would be difficult to
establish and there would be continued disagreement about the interregional
equity of any set of criteria established.

The analysis above indicates that use of the strategy which is most
economical from the farmer view point would also reduce insecticide use and
total production costs more than adoption of any single strategy on a
nationwide basis. This leads to the conclusion that an educational program
designed to convince farmers that it is in their own best interest to adopt
modern insect control strategies would 1ikely be the most efficient policy
to adopt. This would eliminate the need to arbitrarily determine strategies
that farmers should use and eliminate the need for the policy which would be
viewed by farmers as government harassment. While the costs of an effective
educational program were not determined in this study, it is likely that the
administrative and policing costs of a policy to adopt any of the strategies
analyzed would be greater than the costs of an educational program.

Development of short-season and resistant varieties would reduce
insecticide use 50 to 60% compared to current practice and would reduce pro-
duction costs approximately $28 million per year compared to the best
currently available technology evaluated. This implies that $56 million per
year could be spent to develop these varieties if the development took 5 years
and the cost efficiencies were achievable for 10 years. The period of time
over which the cost efficiencies could be maintained would depend on the
time required for development of new strains of insects.



If no 1Timit were placed on the amount of acreage shift possible for
cotton, insecticide use and production costs could be significantly reduced.
Cotton production in this situation would be shifted from the southeast and
far-west into Texas, Oklahoma, and the Delta states. This suggests that
insecticide use and production costs in cotton could be reduced significantly
more by allowing regional shifts in production than by adopting scouting or
any other insect control strategy. The high level of insecticide use and
associated environmental pollution is an externality of the government
allotment programs (Pimentel and Shoemaker, 1973).

Another increase in the feed-food grain exports similar to that
experienced between 1971 and 1973 would increase insecticide use on the crops
considered in this analysis two to four times above those experienced during
the 1971-73 period.

Corn as mentioned, uses about one-quarter as much insecticide as cotton.
Rotations would reduce corn insecticide by over 70% but would significantly
increase production costs to farmers. Scouting of corn is the only future
technology on the horizon. It would reduce insecticide use by 57% but would
significantly increase costs to farmers.



METHODS

Cotton and corn were selected for this investigation, as mentioned,
because 64% of all agricultural insecticides are applied to these two
crops in the.U.S. and include more than 60% of all cropland acres that are
treated. Attention was focused primarily on the major cotton and corn
producing states. The states selected (Table III) in total are respon-
?ibli for the production of 99% of the cotton and 91% of the corn (USDA,

974).

The procedure was to contact the leading entomologist(s) with special
knowledge for each crop in each of the major cotton and corn producing
states (Table III). From these entomologists we obtained via personal
visits and telephone conferences data on current insect pest control
practices and "best estimates" of what various alternative controls would
mean in economic cost/benefits and pesticide use patterns. Although some
of the data are "best estimates" and speculative, it should be emphasized
that this information came from the most knowledgeable entomological
experts in this nation. Further confidence in the data emerges when the
data from the specialists from each state are combined and examined as a
whole.

The specialists first provided us with detailed information on
current insect control practices being employed in their state. From these
data, the experts were asked to give a best estimate of the potential
economic benefits and costs of employing these known available alternatives
singly and in various combinations. Next, the specialists were asked about
potential pest controls that are currently being researched in their state
or nearby states that might be employed in their control programs. They
were asked to estimate the realistic pest control potential of each
alternate control singly and in combination with current and other controls.
From this information it was our aim to identify those potential controls
that might provide in the future opportunities for effective economic
pest control and at the same time improve the quality of our environment.

Information on the details of each pest control technology for cotton
and corn for each region of the U.S., as mentioned, was obtained from each
specialist, and this is tabulated in Appendix A, tables 1-55. Some of the
background information related to these tables is presented in the main
part)of the report and all additional information is available (Pimentel,
1975).

The estimate given by the 31 entomological specialists concerning the
percentage of cotton acres treated was 95% and corn acres treated was 52%.
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Table III. Entomological Specialists for Major Cotton and Corn Producing

States Who Aided in this Investigation.

Cotton

Alabama
Arizona
Arkansas
California
Georgia
Louisiana
Mississippi
Missouri
New Mexico
North Carolina
Oklahoma

South Carolina
Tennessee
Texas

Corn

Florida
I11inois
Indiana
Towa
Kansas
Kentucky
Michigan
Minnesota
Missouri

Nebraska

New York

North Carolina
Ohio

South Dakota
Wisconsin
Wyoming

Dr.
Dr.
Dr.
Dr.
Dr.
Dr,
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Mr.
Dr.
Dr.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Floyd R. Gilliland, Jdr.,

Theo F. Watson,
Charles G. Lincoln
Louis A. Falcon,

T. Donald Canerday,
L. D. Newsom,
Fowden G. Maxwell,
Flernoy G. Jones
Joe Ellington

R. L. Robertson

Don C. Peters,
Kenneth N. Pinkston,
Vernon R. Eidman

L. M. Sparks,

Allen Chambers
Raymond E. Frisbie

John R. Strayer
William Luckmann,
Thomas Turpin
Harold J. Stockdale
H. LeRoy Brooks,

W. W. Gregory, Jr.
Robert F. Ruppel
Huai C. Chiang,
Mahlon L. Fairchild,
Robert L. Stoltz,
Armon J. Keaster

Z. B. Mayo

A. A. Muka

Robert L. Robertson
Gerald J. Musick
David D. Walgenbach
James W. Apple

Christian C. Burkhardt
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Dr.
Dr.

Dr.
Dr.

Dr.
Dr.

Dr.
Dr.

Dr.

Dr.

Dr.
Dr.
Or.
Dr.

Dr.

Roy J. Ledbetter
l.eon Moore

Nick Toscano
Herbert Womack

Dan F. Clower
F. Aubrey Harris

Jerry H. Young,
Chin-Choy,

Donald E. Kuhlman

Del Gates

David M. Noetzel
George W. Thomas,
William H. Kearby,

D. Pimentel

Robert E. Treece



Both estimates differ substantially from those of the Economic Research
Service of the USDA (1975a) that report for cotton and corn 47% and 35%,
respectively. We doubt that 53% of the cotton acreage is untreated as
reported by the USDA, and thus feel that their estimates are much too low.
At the same time we believe that entomological specialists may have over-
estimated the percentage of acres treated.

In evaluating these estimates we made a comparison of total quantity
of insecticides used on cotton and corn from another source of information
(NAS, 1975). Based on data on quantities of insecticides used in agri-
culture we estimated that currently about 180 million pounds of insecticides
are used on cotton and corn. The entomological specialists’' estimate was
205 million pounds and the USDA estimate for 1971 was 101 million pounds.
These results would suggest that perhaps the entomological specialists'
estimates were at least 12% too high. However, we had no justification
for changing the estimates provided us by the leading entomological
specialists on cotton and corn in the United States and, therefore used the
estimates provided.

In order to estimate the effects of employing alternative insect
control technologies upon insecticide use, production costs, and land use,
three analyses were run: (1) Analysis of Insect Control Technologies;

(2) Static Analysis; (3) Dynamic Analysis. The analysis of insect control
technologies focuses primarily on the strategy and provides an estimate of
the reduction in number of insecticide treatments to cotton and corn if
implemented nationwide. The static analysis assesses the changes in cotton
pest management only by total and average insecticide use as calculated
under the assumption that the location of cotton production would remain
constant.

The static analysis was performed only on cotton, and consisted of
analysing the expected changes in insect control costs and total chemical
use, if several strategies applicable in each region are put uniformly into
effect without modifying present crop distribution. The following example
should clarify the process.

In almost all cotton producing regions in the United States, scouting
is presently a viable option. Thus, the tables in the Appendix contain, for
all regions except the Texas High Plains, a possible cultural practice that
involves scouting. Each table in the Appendix also contains current average
insect control costs, crop yields, and insecticide use. The estimated static
analysis then computes, for each region, the.net changes in these measures if
scouting were uniformly adopted. The resulting national net change in total
insect control costs and total insecticide usage were obtained by computing
total nationwide average, with such measures weighed by the total acerage
figures for each region. (Additional information is available in Detailed
Data for Static and Linear Analysis of Alternatives for Reducing Insecticides
on Cotton and Corn--Supplement 1 to Alternatives for Reducing Insecticides on
Cotton and Corn:  Economic and Environmental Impact. The supplement is avail-
abTe from the National Technical Information Service, 5285 Port Royal Road,
Springfield, Va. 22161, using the report number assigned to this document.)
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The dynamic analysis considers not only insect control practices but
also the location of cotton production. A Tinear programming model called
PESTDOWN was used in this analysis. (The model is described in Procedures
Used in Setting Up the Agricultural Production Model--Supplement 2 to Alter-
natives for Reducing Insecticides on Cotton and Corn: Economic and Environ-
mental Impact. The supplement is available from the National Technical In-
formation Service, 5285 Port Royal Road, Springfield, Va. 22161, using the
report number assigned to this document.) Model data were obtained or esti-
mated for base year 1973. The model equations and tableau are given below
from Taylor and Swanson (1975):

MIN  zzcl, ?. +zzcloxl. - s5sT..  + zztb,

T
X,T,TB ij 19 19 45 13713 G Thkm 577k, 12

Bik,12

Subject to:

a) Total cropland

I D <
.. + X5, - L.
ZX1J §X1J LJ

i

1,2,...540)

—
[AFN
i

Y

b) Irrigated cropland

gxl < I, (- 1,2,...500)

i N

c) Cotton acreage

I D >

..+ X5, S CA. (= i =
X]J X1J CAJ (j =1,2,...540), (i = cotton)

d) Cotton Tint demand

D D I,I > .
I SR D SR =
§Y1JX1J §Y1JX1J CLD (i = cotton)

e) Commodity demand

R

I >
T YoLXL. X5 -D
17 55 1353

X - TB
jek ™

= ZTRNG ey ITan  ETByn = STy

ikm ik
(i =1,2,...8), (k =1,2,...21)
f) Nutrient demand
1) Total digestible nutrients:

>

kn (n - 19223)3 (k = ],2,.-.2])
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2) Digestible protein:

>
?dpinTRNikn - DPkn (n=1,2,3), (k =1,2,...21)

3) Dry weight of feed:

ZTRN.
i 1

Dwkn (n =1,2,3), (k = 1,2,...21)

kn

g) Pea demand in the pea area of the Northwest

Y X + Y. X PD (i = pea)

i,115%1,115 i,119%1,119 ~
h) Barge transportation constraint

1.TB1.k’]2 - Bk (k = 1,2,3,5,9,10)
where:

Xij = acreage of the ith crop in the jth producing region.

Cij = short-run variable costs of producing one acre of the ith
crop in the jth producing region.

Tikm = transportation of one unit of commodity i from the kth
consuming region to the mth consuming region by rail.

tikm = cost of transporting one unit of commodity i from the
kth consuming region to the mth consuming region by rail.

i = per-acre yield of the ith crop in the jth producing region.

Lj = total cropland available in the jth producing region.

Ij = total irrigated cropland available in the jth producing region.

CAj = cotton acreage constraint in the jth producing region.

CLD = national cotton lint demand.

TRNikn= units of commodity i transferred to meet the demand for
nutrients by livestock type n in the kth consuming region.

1:dn1.n = the amount of total digestible nutrients in one unit of
commodity i for livestock type n.
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dpin = the amount of digestible protein in one unit of commodity i for

lTivestock type n.
th

DWkn = total dry weight requirement for feed for the n~ 1livestock
type in the kth consuming region.

TDNkn = demand for total digestible nutrients by the nth livestock
type in the kth consuming region.

DPkn = demand for digestible protein by the nth Tivestock type
in the kth consuming region.

Dik = demand for commodity type i in the kth consuming region.

D,I = superscripts used to distinguish between dryland and
irrigated production activities, respectively.

PD = pea demand in the pea area of Washington and Idaho.

TBikm = transportation of one unit of commodity i from the kth
consuming region to the mth consuming region by barge.

tbikm\= cost of transporting one unit of commodity i from the
kth consuming region to the mth consuming region by barge.

Bk = total units of commodities that can be transported by barge
from the kth consuming region to consuming region 12.

As in the static analysis, the data in the Appendix were used to deter:
changes in costs, yields, and total insecticide use for each insect control
option tested. In addition further options involving possible restrictions
on cotton acreage, forced use of rotations and/or scouting on corn, and
varying levels of export demands were tested, and are described in the sects.
on results. (For details see Supplemental Report 1).

The assessment of economic benefits includes maintaining cotton and
corn yield while employing a control program that either costs less or
more. The program that costs less provides the grower with increased
profits (benefits). The social costs (including economic) of shifting
cotton and corn production among regions were not possible to evaluate at
this time other than to point these shifts out in the dynamic analysis.
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The assessment of environmental benefits focused primarily on rc—;ducing
the quantity of insecticide used while maintaining cotton and corn yields.
Changing methods of application (e.g., from aircraft to ground equipment)
would reduce environmental problems, but for this study we logically
assumed no change in insecticide application technology.
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Table IV. Linear Programming Tableau for the PESTDOWN model used in the Dynamic
Analysis. See Supplemental Report 2 for a complete description of the mode1®

Crop production activitiesb

Dryland Irrigated
1 2 3 4 5 6 7 8 9 10 1112 14 15 16 17 18 19 20 21 23 24 25 26 27 28 29

W
~N
~N

Soybeans
Soybeans

= | Cotton
o | WW-F
Rye-F
S-W DC
S-0 DC
—o | §-BA DC
o | W-P-BA-F
&0 | W-P-W-F
Barley

Constraint

[g)
aQ

1 Cost

2 Cropland

3 Irrigated cropland
4 Cotton allotment

5 Wheat account Y Y Y Y Y Y Y Y Y Y Y Y

6 Soybean account Y Y vy v Y

7 Cottonseed account Y Y

8 _Sorghum account Y Y
9 Corn account Y Y

10 Barley account Y Y Y v Y

11 0at accoant Y Y Y

12 _Rye account Y Y
73 Cotton 1int demand Y Y
14 Pea demand Y Y v
15 Cattle TDN

16 Cattle DP

17 Cattle feed bulk
18 Sheep TDN

19 Sheep DP

20 Sheep feed bulk
7T Swine TON

22 Swine DP
23 Swine feed bulk
24 Barge transportation

—o | Cern

—© | Sorghum
— o | Barley

—~ o | Dats

—o | Rye

— o | Durum W
—o | Other SW
~ o | Durum W-F
~ o | Other SW-F
o | Barley-F
—e | W-P DC

N O
-y
ad i

~—o| su

—— Y ww
— = | Qats

——o1 Corn
= = o Sorghum

——y
——

—~— = Cotton

—

3Most of the columns represent more than one activity, and most of the rows represent more than one constraint. For example,
column 1 represents 91 crop production activities, and row 2 represents 13| cropltand constraints. Therefore, the actual matrix
is much larger than is indicated by this table.

Ba = barley, DC = double-cropped, F = fallow, 0 = oats, f = peas, § = soybeans, W = wheat, SW = spring wheat, WW = winter wheat.
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Table IV. (cont.)

Activities that transfer commodities to nutrients Rail Barge rt:?ge—
transportation activities | transportation activities ment
Cattle Sheep Swine activity
30 31 32 33 34 35 36 37(38 39 40 41 42 43 44 4546 47 48 49 50 51 52 53154 55 56 57 58 59 60 61|62 63 64 65 66 67 68 69 70
3 3 3 3 3 g
@ w»n [ v w» v w L @
E w C € w o 3 @w € w E £ @ g > 5 R
- 2 S 3~ 2 5 2= 2 E 2]w o &§ 2 > - @ 5 £ o ~ & [Right-
T T8 s PELEIE T L o250 8y PELSIELEEPDET 2 |28 S EEEE L g 2% |nand
~ s > (=] (=] [=3 1< © > o @
Constraint £ 3828838828888z 82828888|x38838 8825888382838 aa| =L |side
1 Cost t t t t t t t]tb tb tb tb tb tb tb tb MIN
2 Cropland -
3 Irrigated cropland s}
4 Cotton allotment 2CA
5 “Wheat account =1 - -1 A v 2D,
6 Soybean account -1 -1 -1 v v 2D,
7 Cottonseed account - -1 -1 -1 v v 20,
8 Sorghum account -1 -1 -1 v v 20,
9 Corn account -1 -1 -1 v v 20,
10 Barley account -1 -1 -1 v v 2D,
11 0Oat account -1 -1 -1 v v 20,
12 _Rye account -1 -1 -1 v v xD,
13 Cotton lint demand 2CLO
14 Pea demand zPD
15 Cattle TDN tdn tdn tdn tdn tdntdn tdn tdn 2TON,
16 _Cattle DP dp dp dp dp dp dp dp dp >0P,
17 Cattle feed bulk Wt wt wt wt Wt wt wt wt =OW,
18 Sheep TDN tdn tdn tdn tdn tdn tdn tdn tdn 2TON,
19 Sheep 0P dp dp dp dp dp dp dp dp 20,
20 _Sheep feed bulk wt vt wt wt wt wt wt wt =DW,
ZT Swine TON tdn tdn tdn tdn tdn tdn tdntdn 2TON,
22 Swine DP dp dp dp dp dp dp dp dp 0P,
23 Swine feed bulk wt wt wt wt wt wt wt wt =0W,
24 Barge transportation T Y Y <8

€y is a matrix of ones, minus ones, and zeroes such
priate accounting row in the destination region.

that the transportation activities will remove units of the commodity from the regionof origin and add those units to the appro-



RESULTS

The results will be discussed for ease of presentation in three separate
sections: (1) The Analysis of the Insect Control Technologies; (2) The
Static Analysis; and (3) The Dynamic Analysis.

THE ANALYSIS OF INSECT CONTROL TECHNOLOGIES

In this section of the results an analysis will be made of the various
cotton and corn insect control technologies and alternatives. Included in
this analysis will be an examination of cotton and corn losses with and
without insecticides.

Cotton

Each of the important cotton insect-control program alternatives are
described and discussed as follows:

Current Situation--
The: first analysis that was made examined what percentage of the

cotton acreage is being treated including the average number of treatments
and amount of insecticide applied per acre each season. The current
situation includes a mix of controls that include regular treatments,
scouting, diapause controls, short season culture, trap crops, and com-
bination of these.

About 95% of the cotton acreage is treated according to the "best
estimates" of the nation's leading entomological specialists. The average
number of treatments per cotton acre annually is 4.4 with about 13.3 1bs
applied and costs about $18 per season including insecticide and application
costs (Table V).

Regular Treatment Program--

Most cotton is treated on some type of a spray schedule and this is
termed "regular treatment;" this may include some diapause control but does
not include "scouting." We should point out, however, that a regular
sprqy-schedu]e does not mean that cotton growers treat without examining
the1r cotton and insect pest populations. In fact, most growers do "check"
their cotton for the abundance of insect pests. This type of examination
is not thg type of monitoring of pest and natural enemy populations
employed in the "Scouting Treatment Program" described later. However,
the cotton specialists do feel that the "checking" carried out by the
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Table V. The average number of insecticide treatments made per acre on certain cotton
acreage during each season and the total quantity of insecticide used for
current, potential, and future pest control alternatives.

Control Alternative

Resistant and

Total Current X Diapause & Trap Crop Short Season Resistant Short Season
Number Regulqr Situation Scouting Scouting and Scouting and Scouting and Scouting and Scouting
of Acres Insecticide Insecticide Insecticide Insecticide Insecticide Insecticide Insecticide Insecticide
Invo%ved Treatments Treatments Treatments Treatments Treatments Treatments Treatments Treatments
x 10 No. Total 1bs/A No. Total 1bs/A No. Total 1bs/A No. Total 1bs/A No. Total 1bs/A No. Total ibs/A No. Total 1bs/A No. Total 1bs/A
13.1 5.6 16.8 4.4 13.3 - - - - - - - - - - - -
10.6 6.6 19.8 - - 5.0 15.0 - - - - - - - - - -
6.0 8.6 26.4 : - - - 5.4 16.2 - - - - - - - -
5.2 9.0 27.0 - - - - - - 5.2 16.1 - - - - - -
8.6 7.9 23.7 - - - - - - - - 4.0 12.0 - - - -
7.9 7.8 23.4 - - - - - - - - - - 3.0 9.0 - -

8.6 7.6 22.8 - - - - - - - - - - - -



growers has resulted in reducing the number of treatments an estimated 10 to
20% during the past 10 years.

The regular treatment program, as expected, utilizes the largest
number of treatments and the largest quantity of insecticides. If the
total U.S. cotton acreage were treated employing the regular treatment
program, the average number of treatments per season would be about 5.6
(ranging from approximately 0 to 17) and requires about 17 1bs (Table V)
of insecticide per acre and costs about $22 (Appendix, Tables 1-32).
Note, that under regular treatment about 1.2 more treatments are made per
acre than under the current situation. The curvent situation includes
nearly half the acres under a scouting program.

Scouting Program--

The objective of the "scouting program" is to treat cotton acreage
only when the density and potential threat of insect pest populations
justify insecticide treatments. Both insect pest populations and natural
enemy populations must be monitored to obtain information on the potential
threat of the pests to the cotton crop. Stage of cotton growth and
fruiting influence the susceptibility of cotton to pest injury and, thus,
this information is also included in the scouting program and decision-
making processes. If the scouting program were adopted on all cotton
acreage where applicable (10.6 miilion acres), the number of treatments would
be reduced from the 6.6 regular average on this acreage to about 5.0
(Table V). Thus, scouting on an average reduces the number of treatments
per acre apout 1.6 compared with regular. The amount of insecti-
cide used per acre is reduced about 24%. Because of resistance of certain
pests to insecticides and inadequate identification to species (e.g.,
cotton bollworm vs. tobacco budworm), the regular treatment program is
1ikely to result in greater pest insect losses than the scouting program.
Scouting added over the insecticide and application costs about $1.50 per
acre for monitoring cotton pests and natural enemy populations.

Diapause and Scouting Program--

Diapause control programs are directed specifically at boll weevils.
The aim of diapause control is to substantially reduce over-wintering
weevil populations so in the spring fewer weevils are present and insecti-
cide treatments can be delayed until later in the summer season when
weevils reach potentially damaging densities. The benefit of delaying
weevil treatments as long as possible is that natural enemies that are
especially important for control of bollworms and budworms are protected
and remain active in controlling these pests for a longer period of the
cotton growing season.

For diapause control, one (sometimes 2) treatment is made before the
cotton defoliant is applied to the crop. Then another treatment is made
about 2 weeks after the cotton is harvested, provided defoliation is not
complete and stalk destruction is delayed. It should be pointed out that
when the cotton is harvested, stalks and other parts of the cotton plant
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are shredded. This is also considered an essential part of the diapause
control program.

The effectiveness of diapause control for the weevil requires that all
the cotton acreage in the region be in the diapause control program. The
obvious reason for the requirement is that weevils disperse when they emerge
in the spring. Thus, a grower who used diapause control and who is
surrounded by growers who do not will hardly notice a reduction in weevil

populations on his surrounded farm. Diapause control must be a community-
wide effort.

Diapause control is employed as a supplement to other pest control
methods such as "scouting." If a diapause-scouting program were adopted
on cotton acreage when applicable (6.0 million acres), the number of treat-
ments would be reduced from the 8.6 treatments under regular to an average
of about 5.4 (Table V). Thus, a diapause-scouting program on an average
reduces the number of treatments per acre about 3.2 compared with regular.
This is about twice that of scouting alone. The amount of insecticide used
per acre would decrease about 39% or about 10.2 1bs per acre. About 1/2 1b
of insecticide per acre had to be applied for diapause control and this is
included in the total of 10.2 1bs per acre.

Trap Crop and Scouting Program--

The use of a trap crop concentrates the pest on the trap crop. In the
case of a cotton trap crop, the trap crop is treated with a heavy dosage of
insecticide, thus killing a large percentage of the pest population (e.g.,
bol1 weevil). With other trap crops such as alfalfa, the objective is to
attract plant bugs from cotton to alfalfa.

Three types of trap crops have been employed for control of cotton
pests and one of these includes the use of early cotton. This trap crop
technique included planting an early cotton to attract boll weevils. About
5% (in well distributed strips) of the total cotton acreage of a farm is
planted to early cotton about 2 to 3 weeks before the regular crop planting
time. The emerging boll weevils are attracted to this early cotton. Then
a heavier than normal dosage of insecticide is applied to this early cotton
to destroy the boll weevils that congregate on this cotton.

Certain added costs are associated with employing a trap crop. These
include: (1) the nuisance cost of having to get the machinery and labor
ready to plant cotton 2 to 3 weeks early, and (2) failure of the trap crop
in some years. Since the trap crop fails approximately one in 4 years,
average reduction in insecticide use is only three-fourths of the 11.8 1b/
acre, or 8.8 1b; for an insecticide treatment cost saving of $9.40. The
cost of replanting the 5 percent of the acreage 1/4 of the time and labor
and machinery costs for early planting are assumed to be 250 and 200 percent
of normal planting costs, respectively. Adding these costs to normal
production costs increased these costs by an average of $2.55 (Table VI) per
acre of cotton grown. This assumes that the yield on trap crop acreage
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Table VI. Cost of trap crops— per acre of cotton excluding change in
insecticide and insecticide application costs.

Region Cost per acre of cotton ($)
Central Alabama 2.17

Northeastern Alabama 2.94

Western and Central Arizona ]4.119/

San Joaquin Valley California 18.219/

Louisiana 2.93

Hill Region Mississippi 2:46

Southwest Oklahoma (Irrigated region) 3.939/

Coastal Plain, South Carolina 2.35

Piedmont region, South Carolina 2.35

a/ Cotton planted on 5% acreage two to three weeks before normal planting
except where indicated otherwise

b/ Alfalfa trap crop

¢/ Sorghum trap crop

(the 5%) is the same as achieved with all cotton acreage. This indicates
a saving of $6.85 per acre.

The alfalfa trap crop technology utilizes alfalfa strips planted in
rows about 20 ft wide in the cotton fields. The rows of cotton were
about 300 to 400 ft wide; hence, about 6% of the field is in alfalfa. This
procedure utilized in the San Joaquin Valley of California was reported to
reduce the number of treatments to cotton (Appendix, Table 7). The
added costs must be included where using alfalfa as a trap crop. Alfalfa
increases the production losses by reducing the cotton acreage. The added
production costs include: (1) alfalfa strips that are a nuisance to plant
and harvest in cotton fields; and (2) costs of irrigation and fertilizer
to maintain the alfalfa.
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If only loss of cotton yield due to the alfalfa produced and the
change in water and fertilizer costs are considered, these factors add an
average of approximately $18.20 per acre (Table VI) to the cost of growing
cotton in the San Joaquin Valley. Thus use of an alfalfa trap crop
increases production costs in that area by at least $3.20 per acre.

The sorghum trap crop is planted with 4 rows of sorghum to each 24
rows of cotton. This trap crop in some years reduced the number of
treatments in Oklahoma (Appendix, Table 19). Even adding the costs of
the nuisance factor involved in planting sorghum in cotton fields, it
appears that the sorghum trap crop offers several advantages, including
reduced insecticide use as well as reduced production costs.

If trap crop and scouting programs were adopted in U.S. cotton
production where applicable (5.2 million acres), the number of treatments
would be reduced from the 9.0 regular treatments per acre to about 5.2
(Table V). Thus, a trap crop-scouting program on an average reduces the
number of treatments per acie about 3.8 compared with regular. This
reduction is about the same as that of diapause-scouting. The amount of
insecticide used would be reduced about 40%.

Additional costs for growing the sorghum include: (1) the increased
costs of planting and harvesting the sorghum in cotton fields; (2) the
reduced sorghum crop due to use of sorghum varieties that are attractive to
greenbugs; and (3) the increased fertilizer and water costs for sorghum
since it receives the same treatment as cotton. Assuming that the sorghum
yield is 85% of normal and that the added machine and labor costs of
planting the sorghum are $3 per acre, added costs for growing the sorghum,
including water and fertilizer costs, are approximately $7 per acre (Appen-
dix, Table 4).

Short-Season and Scouting Program--

Earlier we mentioned that bollworms and budworms appear late in the
season (late August and September) at numbers that may be damaging to
cotton. By forcing the cotton to mature early through cultural changes,
this then reduces the opportunities for the bollworms and budworms from
reaching high densities and damaging cotton. A cultural technique that
has proven effective in reducing the Tength of cotton growing season is
irrigation management. In early August the amount of irrigation water is
intentionally limited which forced the cotton plant to mature and produce
its crop earlier than normal.

This short-season culture does not reduce cotton yields but only
reduces the threat from bollworms and budworms. For example, in parts of
Arizona and California if short-season culture is used, it would reduce
the number of treatments by about 3 per season (Appendix, Tables 4 and 8).

Similar to short-season cultural control, employing a short-season
cotton variety would provide an effective means of reducing the threat to
cotton from bollworms and budworms in the cotton growing regions that
cannot use irrigation as a management tool. Also, it should be pointed out
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that shortening the cotton fruiting season reduces the boll weevil problem.
The weevil is essentially a one-host plant. Thus, reducing the time for
bo11 weevil population increase, the weevil threat is greatly reduced (the
weevil generation time is about 2.5 weeks).

Currently a good commercial short-season cotton variety does not exist.
If such a short-season variety(s) were developed, it would be possible to
reduce significantly the number of treatments of cotton (Appendix, Tables
1, 2, 9-17, 21-26, 28-32).

If a short-season variety were available and combined with a scouting
program and employed where applicable (8.6 million acres) in the U.S., the
number of treatments would be reduced from the 7.9 regular treatments on
this acreage to about 4.0, (Table V). Thus, a short season scouting
program on average reduces the number of treatments per acre to about 3.9
compared with regular. This is similar to trap crop-scouting. The amount
applied per acre would be reduced nearly 50%. The savings in treatment
costs would be about $11.

Resistant and Scouting Program--

Varieties of cotton such as "Frego bract" have natural resistance to
boll weevils. Although this variety is resistant to the boll weevil, it
does not yield as well as the commercial varieties under regular insecticide
schedules (Appendix, Tables 12 and 13).

Tremendous potential exists for reducing the number of treatments of
cotton if a good commercial variety of cotton could be developed that was
also resistant to the boll weevil. The specialists estimated that a good
resistant variety would significantly reduce the number of treatments
(i.e., perhaps as much as 68%) (Appendix, Tables 1, 2, 5, 9-13, 16, 17,
21-26, 28-30, 32).

If a boll weevil resistant cotton variety were combined with a scout-
ing program in the U.S. and employed where applicable (7.9 million acres),
the number of treatments would be reduced from the 7.8 regular treatments
on that acreage to only 3.0 (Table V). Thus, a resistant-scouting
program on an average would reauce the number of treatments to about 4.8

compared with regular. The amount of insecticide applied per acre would
be reduced by about 62% with a saving of about $19.

Resistant, Short-Season, and Scouting Program--

If good commercial varieties that combined boll weevil resistance
and short-season characteristics were available, pest control in cotton
would be revolutionized. If these varieties were available, employed
where applicable (8.6 million acres), and combined with scouting, the
number of treatments would be reduced from the 7.6 regular treatments on
this acreage to about 2.2, (Table V). Thus, this program on an average

would reduce the number of treatments per acre about 5.4 compared with
regular. The amount of insecticide used could be reduced about 71%.
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Corn
Each of the important corn insect-control program alternatives are
described and discussed below:

Regular or Current Control--

In corn "regular control" is not easily definable because how and
where the corn is cultured (e.g., continuous vs. rotation) in large
measure determines what the pest control problem is and the treatment.
An estimated 52% of all corn acreage is being treated with about 1 pound of
insecticide per acre (Appendix, Tables 33-55). The prime pest is the
rootworm complex (Northern, Western, and Southern rootworms). The average
cost of treatment is about $4.50 per acre each season.

For continuous corn acreage on which rootworms are the most serious
pest, an estimated 87% of the acreage is treated (Appendix, Tahles 34-55).
For corn in rotation with other crops, only an estimated 29% of the acreage
is treated.

Scouting--

A1l the specialists agree that scouting of the major corn pests
(rootworms, cutworms, European corn borers, armyworms, and corn leaf aphids)
would be a valuable aid in reducing the number of treatments in corn.
However, several specialists seriously question whether it is now practical
or would ever be practical (because of scouting costs) to employ commercial
scouting on corn.

Some specialists, as in the State of Illinois, feel they have an
effective procedure for scouting corn pests—especially the rootworm com-
plex. If scouting were implemented throughout the state, the Il1linois
specialists estimated that the percentage of acres treated could be reduced
from more than 60% to less than 15%. If we estimated that the average
insecticide treatment of corn in I1linois costs $6.00 per acre and on an
average scouting would reduce insecticide treatments by 75%, then the costs
of treating those acres previously would decline from $6.00 to an average
of about $1.50. If we assume scouting costs of $2.00 per acre, then the
total saving per acre is about $2.50 in I1linois. Compared with savings
per acre in cotton, that averaged about $20 per acre, this $2.50 is a
relatively low return.

Some specialists, as in Missouri, believe that while sufficient
information is not available for an effective scouting program, scouting
corn may prove useful in the future. And yet other specialists, as in
Iowa, estimate that even with effective monitoring procedures for corn
pests, the reduction in insecticide treatment costs would not pay for the
scouting costs. Scouting costs for corn were estimated to range between
$1 and $4 per acre. At $2 per acre, an estimated 50% reduction in number
of current treatment costs (at $4.00 per acre) would be necessary just to
pay for the scouting. For rootworms, the most serious pest of corn, most
specialists project that a 33% reduction in number of treatments is
impossible. Therefore, this group of specialists argues that corn scouting
appears impractical, given the current relative price structure.
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Rotations for Rootworm Control--

The prime rotation of corn in the U.S. is with soybeans but other
rotations include wheat, oats, barley, alfalfa and sod. Seldom is there
a problem in first year corn from rootworms. About 60% of the corn is now
grown in the U.S. in rotation with other crops (Appendix, Tables 33-55).
The reasons that farmers give for rotating corn with other crops are many.
They include: rootworm control; tradition; relative prices of other crops;
nitrogen fertilizer availability (soybeans and alfalfa); and others.

Since most rotations are carried out for reasons other than rootworm
control, the benefits and costs of rotating corn are numerous. In addition
to rootworm control, rotations aid in adding nitrogen to the soil (legumes),
reducing disease problems in corn, and reducing soil erosion problems.

Since corn rotation reduces the number of insecticide treatments by 1
and at a saving of about $6 per acre, any rotation scheme often has to have
more than rootworm control as its economic impetus to benefit the grower.

The relative value of crops that are in rotation is obviously a dominant
factor for growers deciding whether to rotate corn with other crops or grow
corn continuously. The main place where rotation fits is where other crops
will be grown on land of similar quality regardless of the planting sequence.

"No-ti11" Culture for Rootworm Control--

"No-til11" corn culture involves leaving corn or other crop remains on
the soil surface, using 2 to 4 1bs of herbicide to chemically kill weeds or
previous crops, and then planting directly through the surface mulch.
Several variations of this technology are employed and are collectively
referred to as minimum tillage (USDA, 1975b).

The surface mulch and not disturbing the soil increases rootworm
problems in "no-til1" corn (Chiang et al., 1971; Musick and Collins, 1971;

Pruess et al., 1968; USDA, 1975b). Other pest problems associated with "no-
til1" corn culture include increased problems from cutworms, armyworms, and
s]ugs.' These pests in "no-till" corn often require treatment. Another
potential disadvantage of "no-til11" culture is the low soil temperature may
reduce stands and slow the rate of corn growth early in the season.

"No-till1" corn culture, however, has several important advantages
(USDA3 1975b). It may be more economical by reducing labor inputs.
Espec1a]]y important is the reduction in soil erosion. The estimated loss
of topso11 for continuous corn culture is about 21 tons per acre per
annum (Whitaker et al., 1973; Burwell et al., 1974). "No-til1" corn
culture reduces this loss to less than 1 ton per acre (USDA, 1975b; Pimentel
et al., 1976). "No-till" corn culture also has the advantage of reducing
water run-off and otherwise conserving soil moisture.

Cutworm Control--

Cgtwgrms.are common on bottom land (i.e., in lowland areas in which
the 5031.15 rich and relatively heavy). The recommended procedure for
determining whether treatments are needed for cutworms on a particular
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piece of bottom land is "history;" that is, if cutworms have been a problem
in the past, then this land should be treated.

In Towa, for example, the estimate is that about 60% of the bottom land
has an annual cutworm threat and should be treated annually with about 1 1b
of insecticide (Appendix, Table 37). Thus, employing the procedure of
recording past cutworm problems on land can play a valuable role in

;educing the number of cutworm treatments that normally occur on bottom
and.

Wireworm Control--

Wireworms are sometimes a problem when corn is planted following sod.
Compared to rootworms, however, the problem is minor and occurs on only
about 1% of the corn acreage (Appendix, Tables 33-55). The reasons for
the problem being minor are: (1) a relatively small amount of the total
corn (about 2%) acreage is planted following sod; and (2) only about half of
sod acreage has infestations of wireworms that are serious and require
treatment.

European Corn Borer Control--

A relatively small percentage (about 1%) of the nation's corn acreage
is treated for European corn borer control (Appendix, Tables 33-55).
Most specialists feel that some resistance to the corn borer has been bred
into most corn that is planted today. This resistance along with natural

enemies is keeping corn borer populations sufficiently low so that treatment
is rarely required for this pest.

The development of a resistant corn borer variety will reduce the
amount of insecticide being used in corn production. However, with onlv
about 1% being treated and perhaps twice this acreage requiring treatment,
further corn borer resistance will not benefit corn production as much as
would the development of resistance in corn to the rootworms.

Corn Leaf Aphid Control--

The corn leaf aphid can reduce yields but it is not an annual pest
but occurs sporadically (Appendix, Tables 33-55). The corn leaf aphid is
a serious pest that requires treatment on about 2% of the corn acreage.
Annual treatment for the corn leaf aphid, however, on current corn acreage
is estimated to be less than 1%.

Mites and Other Pests--

On irrigated corn as in Nebraska and Kansas, mites may become a serious
problem and require treatment. On a national basis treatment for mites
occurs on less than 1% of the corn acreage (Appendix, Tables 33-55).

Combinations--

The combination of controls in corn 1is not as dramatic as in cotton.
Again, the prime pest on corn is the rootworm. Corn in rotation with other
crops will control rootworms, but the net benefits of rotations depend
upon a great many factors in corn production. The advantages and dis-
advantages have been discussed.
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Adding some European corn borer resistance to corn has significantly
reduced the threat of the corn borer. A higher level of resistance is
needed and it would be desirable to have this combined with rootworm
resistance. This combination, however, is at least 10 years in the future.

The options for employing combination controls in corn pest control
appear to be less than that in cotton.

Losses in Cotton and Corn to Insects

In cotton the estimate is that a 19% Toss occurs in cotton in spite of
all insect control efforts (USDA, 1965). This estimate appears to be about
right for 1975 based on comments by several specialists.

Pimentel (1973) has estimated that the increased loss of cotton in the
U.S. if all fields were not treated, would be about 31%. Adding the increase
of 31% to 19% gives approximately 50%. In the present study, the specialists
estimated an increased overall loss of 35% (range 0 to 90%) if acres current-
ly treated were left untreated. Adding the 35% to 19% gives a 54% total
loss; hence, the earlier 50% estimated loss agrees in general with the
current estimate of 54%.

The high cotton losses (up to 90%) if insecticides were not used, occurr-
ed primarily in the regions where the boll weevil is a serious pest (Appen-
dix, Tables 1-32). These regions are also the regions where the largest
quantity of insecticide is used.

Losses in corn on those acres not treated were estimated to total
about 21% (Pimentel and Shoemaker, 1974). The average estimate from the
specialists for losses on untreated corn is about 20% and ranges from 1% to
65% (Appendix, Tables 33-55). Hence, these results suggest that the
earlier rough estimate (Pimentel, 1973) was generally good.

STATIC ANALYSIS

The effects of implementing new insect control strategies depend
upon the location of crop production. As a result several patterns of
cropland use are considered in our analysis of insect control methodologies
for cotton and corn production. In the Static Analysis discussed in this
section, cotton is assumed to have its current location of production as
estimated in the Appendix. In a later section entitled "Dynamic Analysis,"
the effects of shifts in the location of crop production are analyzed.

Both the static and dynamic analyses are based upon the costs, yields,
acreages and insecticide use figures obtained from an extensive nation-
wide survey of agriculturalists (Appendix). However, in order to use
these figures it was necessary to calculate expected costs and insecticide
use for each insect control alternative in the static analysis.

Based upon the current averages given for each region, we have calcu-
lated that over $250 million is spent currently for cotton insect control.
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This represents an average of $19.31 per acre on 13.1 million acres. Over
174 million pounds of insecticide are used including 102 million pounds of

ch]orinqteq hydrocarbons, 68 million pounds of organophosphorous compounds
and 4 million pounds of carbamates.

Each of the cotton insect control methods are feasible on a fraction
of the total cotton acreage. The total number of acres on which each
method has been reported to be a feasible option is listed in Table VII
(column III). For example, methods using diapause and scouting are current-
ly feasible on 6.26 M (million) acres, which is only 48% of the 13.12 M
acres currently in cotton production.

_ In column IV of Table VII, the average cost of using an alternative
is given. This is calculated by dividing the total cost of implementing
the alternative by the number of acres in the area of implementation in
column III. The average savings in insect control costs (column VI) is
the difference between column V and column IV. The average current cost
(column V) 1is obtained by summing the current costs (per acre costs
multiplied by the number of acres) over all regions in the area of
implementation. Notice that the average current cost is significantly

higher than the average of $19.31 per acre in areas where methods such as
diapause control and trap crops are feasible. Column VII is the average

savings from column VI multiplied by the number of acres in the area of
implementation.

The economic consequences of implementing an insect control method

depend upon changes in yield as well as changes in insect control costs.
The total increase in cotton production expected over the area of imple-
mentation is given in column VIII. The increase in yield in each region
is the yield that is expected with the implementation of the specified

insect control alternative minus the current average yield.

In order to compare the benefits of increased cotton production to
those of reduced insect control costs, it is necessary to estimate the
value of the increase in cotton production. Cotton is valued at $.45 per
pound. Thus, the value of increases in cotton production listed in column
IX is based upon calculations that assume the price of cotton does not
change as a function of the quantity produced. Since the changes in
quantity in column VIII aire small relative to the total amount of cotton
produced, the assumption of constant price does not appear to introduce a
significant error. The net benefit (column X of Table VII) is then the sum
of the savings in insect control costs and the increase in income due to
increased yields.. ’

The insect control alternatives considered in the analysis are listed
in column I of Table VII. In column II is given the potential time of
implementation. Alternatives denoted by "present" include methods that are
currently being used or that could be implemented at present. Such
options are denoted by comment codes 1 or 2 as used in the Appendix.
(Comment code 1 =:current practices; code 2 = alternative pest controls
that could be put:into practice within one year; code 3 = alternative
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Table VII. Effect of implementation of cotton insect control alternatives on insect control costs.

I I1 III IV v VI VII VIII IX X
Insect Time of Area of Average Cost Average Average Savings Total Savings Total Increases in Net
Control Implementa- Implementa- of Alternative™ Current in Insect in Insect 6 Cott9n Produgtion Benefits
Alternative tionl tion2 Costs4 Control Costs® Control Costs® Lint/ Value

(acres) ($ per acre)  ($ per acre)  ($ per acre) ($) (1b) ($) ($)

Most present 13.1 M 13.10 19.30 6.20 81.3 M +58.8 M +26.5 M 109.19 M
Ecopomi- 555t 10 131 M 8.95 19.30 10.35 136.1M  +51.3M 231 M 159.16 M
calll

years
Least present 13.1 M 14.10 19.30 5.20 68.3 M +58.3 M 26.5 M 94.75 M
Insecticjde . _
Feasib]ei? in 5 to 10 13.1 M 9.00 19.30 10.15 132.9 M 15.3 M 6.9 M 126.04 M

years
Scouting present 10.6 M 21.35 23.71 2.45 26.0 M +58.8 M 26.5 M 52.5 M
Diapause/ present 6.0 M 26.60 30.00 3.45 19.8 M 63.9 M 28.9M 48.6 M
Scouting
Trap Crop/ present 5.2 M 22.60 31.70 9.10 47.5 M 0 0 47.5 M
Scouting
Short Sea- in 5 to 10 8.6 M 14.65 27.35 12.72 110.5 M -191.3 M -86.07 M 24.4 M
son/Scouting years
Resistant/ in 5 to 10 7.9 M 13.25 26.50 13.25 104.9 M ~11.2M -50 M 99.9 M
Scouting years
Resistant, in 5 to 10 8.6 M 10.55 27.35 16.80 144.6 M -122.4 M -55.1 M 89.5 M
Short years
Season,

Scouting
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10.

11.

FOOTNOTES FOR TABLE VII
Time when the insect control alternative can be implemented in all
regions included in the area of implementation.

The total number of acres on which the insect control alternative has
been reported to be feasible.

Average cost per acre of the alternative over the area of implemen-
tation.

Average cost per acre of current insect control practices over the
area of implementation of the insect control alternative being con-
sidered.

The average current cost (column V) minus the average cost of the
alternative (column 1V).

Average savings in insect control costs (column VI) multiplied by
the area of implementation (column III).

Based upon estimates of the effect of the insect control alternative
on yield as reported in Appendix A.

Assuming a value of $.45 per pound.

The total savings in insect control costs (column VII) plus the value
of increased cotton production (column IX).

The most economical alternative in each regjon is implemented. (See
text for further discussion.)

In each region the option is implemented which uses the least insecti-

cide among those which are economically feasible. (See text for
further discussion.)
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pest controls that require additional research and potentially could be
put into practice in 5 to 10 years.) Insect control alternatives with a
time of implementation of 5 to 10 years include the currently available
alternatives as well as those expected to be available in the future.

These options have comment codes 1, 2, or 3 in the Appendix. Diapause
control, scouting, and trap crops are methods that are currently available.

Methods that require new plant varieties that are resistant or that mature in a
shorter season will not be available for commercial use for another 5 to 10 years.

Two of the insect control alternatives listed in Table VII are entitled
"most economical". For this alternative the insect control method selected
in each region is the least costly among the methods available in the time
period specified. Both insect control costs and yield losses are con-
sidered. If no yield losses occur in a region, the method selected will
be the one with the lTowest insect control cost. If yield losses do occur,
the loss is valued at $.45 per pound and added to the insect control cost.
The most economical option is then the method for which the combined cost
of insect control and yield loss is smallest. For future alternatives, the
options were chosen in a similar fashion except that they are chosen from
all methods: those currently available and those available in 5 to 10 years.

The "least insecticide feasible" alternative selects the insect controi
method in each region that uses the least insecticide among those control
methods that are available within the appropriate time 1imit and that are
economically feasible. An option is considered to be economically feasible
if the combined cost of insect control and yield loss is not more than
15% greater than current insect control costs. In a majority of cases

the Teast insecticide option is actually less expensive than the current
practice.

From Table VII, the implementation of the most economical option
currently available in each region could reduce control costs by a total
of $81.31 M, which is an average of $6.20 per acre. There are also
increases in yields associated with the implementation of the most eco-
nomical alternative in Arkansas. The yield increase is 58.8 M 1bs which
is valued at $26.46 M. The net benefit from implementing the most eco-
nomical options currently available is then $109.19 M.

The analysis of the most economical options available in 5 to 10
years predict even larger benefits. The total savings in insect control
costs is $136.08 M. There are yield increases in Arkansas and decreases
in Mississippi for a net increase of 51.29 M pounds valued at $23.08 M.
The net benefit is $159.16 M.

The effect of implementing insect control alternatives on insecticide
use is given in Table VIII. Columns III, V and VII of this table give the
total amounts of chlorinated hydrocarbons, organophosphates, and carbamate
insecticides, respectively, used in the area of implementation. The
average rates per acre in the area of implementation are given in columns
IV, VI and VIII of Table VIII.
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Table VIII. Effect of implementation of cotton insect control alternatives on insecticide use.

1 It 111 Iv v VI VII VIII IX X X1
Insect - Time of Estimated Insecticide Use on Cotton with Implementation Ratio of InsecEicide
Control Implementa- of Insect Control Alternative to Current Use
Alternative tion

’ ' Chlorinated Hydrocarbons Qrganophosphates Carbamates
Tota]3 Average4 Tota]3 Average4 Tota]3 Averag;a 5 6 7
(M 1bs) (1bs/acre) (M 1bs) (1bs/acre) (M 1bs) (1bs/acre) CH opP c
Most present 61.9 4.72 37.2 2.83 3.9 .30 .61 .54 1.88
Economical — jn g5 to 10  42.5 3.24 27.2 2.08 3.5 .26 41 .40 .88
years
Least present 59.1 4.50 34.5 2.63 1.7 13 .58 .50 .44
Insecticide

. in 5 to 10 34.3 2.61 19.5 1.49 N .01 .33 .28 .02
Feasible years
Scouting presen% 83.8 7.87 49.0 4.60 1.8 A7 .82 72 .45
Diapause/ present 50.7 8.81 33.3 5.78 1.7 .29 .64 .76 .62
Scouting
Trap Crop/ present 4.7 7.97 21.0 4.01 3.7 A .59 .46 3.49
Scouting
Short Sea- in 5 to 10 43.9 5.1 25.0 2.91 .18 .02 .44 .39 .06
son/Scouting years
Resistant/ in5 to 10 37.3 4.70 20.2 2.54 .10 .01 .M .34 .04
Scouting years
Resistant/ in 5 to 10 29.8 3.47 18.3 2.13 .01 .00 .30 .29 .00
Short years
Season/ '

Scouting



FOOTNOTES FOR TABLE VIII

1. Time when the insect control alternative can be implemented in all
regions included in the area of implementation.

2. Ratio of the total insecticide (columns III, V or VII) to the total
amount presently applied with the current insect control practices
in the area of implementation. (See Table VI for definition of area
of implementation.)

3. Total amount of insecticide used in the area of implementation.

4. Total amount of insecticide divided by the area of implementation.
5. Chlorinated hydrocarbons

6. Organophosphates

7. Carbamates

8. See footnote 10 of Tabie VI.

9. See footnote 11 of Table VI.

It is useful to compare the alternative control estimates of insecti-
cide use to the currently used patterns. The ratio of insecticide use to
current insecticide use is the amount of chemicals estimated to be used
with the specified insect control alternative divided by the amount of
insecticide current]y used in the area of implementation. Columns IX, X and
XI of Table VIII give the ratios for chlorinated hydrocarbons organo-
phosphates, and carbamates, respectively.

From the ratios, we note that implementation of the most economical
options that are currently available is estimated to reduce the use of
chlorinated hydrocarbons by 39% and organophosphates by 46%. There is an
increase in the use of carbamate but the amount is smali. The implemen-
tation of the most economical options available in the future are predicted
to reduce insecticide use even more. Chlorinated hydrocarbons are reduced
by 59% and organophosphates by 60%. :

As would be expected, insecticide use and insect control cost savings
are lower for the least insecticide feasible options than for the
corresponding most economical options. What is surprising is that the
differences are not very great. For options that are currently available,
the difference in insect control costs between the least insecticide
feasible options and the most economical is only $14 M or about $1 per
acre. The insecticide use varies by about 0.5 1b per acre.
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With insect control methods available in the future, both the least
insecticide feasible and the most economical options have large sav1ngs
in insect control costs of $133 M and $136 M, respectively. There is a
s1gn1f1cant difference in cotton product1on between the two alternatives.
This is primarily due to yield changes in Arkansas.

Of the insect control methods currently available, scouting is clearly
important. It is an available option on over 80% of the cotton acreage.
However, one can see from the results in Tables VII and VIII that the bene-
fits of scouting are greatly enhanced by its use in combination with other
methods of control. For examp]e the implementation of scouting saves
only $26 M ($2.45 per acre) in insect control costs. However, the
implementation of the most economical options, which almost always involve
scouting, has an additional saving of $81 M (Table VII, column VII). In
addition, insecticide use is reduced by about 20% for scouting alone but is
reduced by about 40% with the implementation of the most economical options
currently available (Table VIII, columns IX, X and XI).

Diapause control used in conjunction with scouting is currently a
feasible option on 6 M acres. In this area the current average cost of
insect control is $30 per acre. The implementation of diapause control and
scouting reduces this cost by over $3 an acre. Because of substantial
increases in yields in Arkansas, the total net benefit on 6 M acres is
calculated to be $48.6 M.

The use of trap crops is currently a feasible option on 5.23 M acres.
These regions include areas where insect control costs are high, an average
of $31.70 per acre. The savings in insect control costs are substantial,
$9.10 per acre. Insecticide use is reduced by about 43%. However, the
total net benefit is not as high for trap crop/scouting as for scouting
or diapause/scouting because there are no yield increases associated with
trap crops. However, as noted above, the yield increases associated with
scouting and diapause/scouting alternatives occur primarily in Arkansas.
Trap crops are not an option in Arkansas. Therefore, on the 5.23 M acres
where trap crops are a feasible option, the use of trap crops in combination
with scouting is more profitable than either scouting alone or scouting and
diapause control.

The last three alternatives in Tables VII and VIII utilize special
plant varieties that have resistance to insect damage or that mature in
a shorter time. These varieties will not be ready for commercial use for
another 5 to 10 years. It is estimated that varieties that have a short
season because they mature more quickly will be available on 8.6 M acres.
Resistant varieties that do not have short season characteristics are
expected to be available on 7.94 M acres.

The savings in insect control costs are $111 M for varieties that have
only short season characteristics and $145 M for varieties with both short
season and resistance characteristics. However, in both cases there are
some yield Tosses, mainly in Mississippi. Outside Mississippi, the imple-
mentation of insect control programs that utilize short season, resistant
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varieties appears to be advantageous from both economic and environmental
viewpoints.

In summary, the most outstanding aspect of the results presented in
Tables VII and VIII is that, contrary to popular belief, reductions in insecti-
cide use need not increase the cost of producing cotton. All of the alter-
natives considered substantially reduce total costs (insect control costs
plus yield losses) while reducing insecticide use. The implementation of
the most economical among currently available options reduces insecticide
use by about 40% and control costs by $81 M (Tables VII and VIII). The
implementation of control methods that will be available in the future
reduces insecticide use and control costs even further.

An examination of the results in Table VII also indicates that no single
method of insect control is best throughout the nation. (If this were not
true, one of the methods would have had net benefits that were close to those
derived for the most economical options.) The indication is that the best
combination of methods will vary from region to region. Scouting is
usually a part of the control programs that are most economical. The use of
resistant varieties in conjunction with scouting is estimated to be the
most profitable among technologies available in the future.

The relative importance of each insect control alternative is measured
in part by comparing the total savings (Table VII, column VII) and net
benefits (Table VII, column X)}. It should be emphasized that these values
are based upon total costs and yield increases throughout the area of
implementation. In some cases a method was not as advantageous throughout
the area of implementation as some other methods, but it was very profitable
in certain regions. For example, the net benefits from resistant, short
season varieties are greatly reduced by yield losses in Mississippi and
Arkansas. However, in some other area, the use of these varieties are pre-
dicted to generate a considerable reduction in cotton production costs.

One difficulty in using the results of Tables VII and VIII to compare
different pest control methods is that the location and size of the area of
implementation of each method is different. These Tables give a detailed
description of the effects of implementing a method in those regions where
it has been acknowledged to be a feasible option. However, it is difficult
to use these values to compare one method to another in terms of their
national significance.

In order to give another basis for comparison, the nationwide effect
of implementation of each of the pest control methods was analyzed. The
results are presented in Tables IX and X. These calculations are based
upon the costs, benefits and insecticide use over the entire 13.1 M acres
of cotton production. Outside the area of implementation of each method, it
was necessary to make some assumptions about the pest control methods being
used. Since scouting is an available and economical option in most areas,
it was assumed that outside the area of implementation, scouting would be
used in the regions where scouting is an available option. In the remaining
area, pest control methods are not changed from current practice.
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Table IX. Costs and benefits resulting from the nationwide implementation of insect control
alternatives!.

1 11 111 IV v VI VII VIII IX
Total Increases in
Area of Average Cost Average Savings Total Savings Cotton Production
Insect Time of Impiementa- of Alterna- in Insect in Insect 3 4 Net
Control Implementa- tion tive Control Costs Control Costs Lint Value Benefits
Alternative tion (acres) ($ per acre) ($ per acre) ($) (1bs) ($) (%)
Scouting present 10.6 M 17.30 2.00 26.0 M 58.8 M 26.5 M 2.5 M
Diapause/ present 6.0 M 16.00 3.20 42.6 M 63.9 M 28.8 M 71.3 M
Scouting
Trap Crops/ present 5.2 M 15.80 3.50 45.7 M 58.83 M 26.5 M 72.2 M
Scouting .
Short Season in five to 8.6 M 10.50 8.80 115.0 M -191.3 M -86.1 M 28.9 M
Variety/ ten years
Scouting
Resistant in five to 7.9 M 10.30 9.00 118.4 M -11.2 M -5.0M 113.3 M
Variety/ ten years
Scouting
Resistant, in five to 8.6 M 7.90 11.40 150.1 M -122.4 M -55.1 M 95.0 M
Short Season ten years
Variety/

Scouting



Footnotes for Table IX

1 A1l costs and benefits are calculated over the entire 13.1 M acres of
cotton production. Outside the area of implementation of a method, scout-
ing is assumed to be practiced wherever it is available. In the remaining
regions, the current pest control practices are assumed to be used.

2 The cur?ent average cost on the 13.1 M acres of land presently in cotton
production is $19.30. Column V is $19.30 minus the values given in column
Iv.

3 Based upon estimates of the effect of the insect control alternative on
yield as reported in Appendix A.

4 Assuming a value of $.45 per pound

5 The total savings in insect control costs (column VI) plus the value of
increased cotton production (column VIII)

The values in Tables VIII and X give results that are qualitatively
similar to those in Tables VII and VIII. Diapause/scouting and trap crop/
scouting have net benefits that are nearly equal. The use of resistant
varieties is the most profitable of the methods available in the future.
Short season varieties are not as beneficial as other techniques because of
yield losses. There is a difference in cotton production with trap crop/
scouting between Table VII and Table IX. This is due to an increase in
cotton production in Arkansas resulting from the implementation of a
scouting program. Trap crops are not an available option in Arkansas.

In the dynamic analysis discussed in the next section, the location of
crop production as well as pest control methods are allowed to change.
Since this analysis is nationwide, the same criterion is used in Tables IX
and X for choosing pest management methods outside the area of implementa-
tion. Namely, scouting is used if it is an available option. Otherwise
the methods currently used are assumed to be practiced.

DYNAMIC ANALYSIS

The dynamic analysis was conducted using the linear programming model
described in Rovinsky et al. (1977). Alternate pest management practices
were reflected through regional production costs and yields which were
specified as input parameters to the model. Each pest management strategy
required a separate model analysis. For each pest management strategy
the model calculates the optimum Tocation of crop production, production
costs, insecticide use and insect control costs.
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Table X. Insecticide uge resulting from the nationwide implementation of insect control

alternatives.
1 11 111 Iv v VI VII VIII XI X
Ratio of Insecticide
Chlorinated Hydrocarbons Organophosphates Carbamates Use to Current Use2
Insect Control 3 4 g
Alternative Total Average Total Average Total Average CH 0P C
™ Tbs) (Tbs/acre) M 1bs) Tbs/acre) M 1bs) T1bs/acre)
Scouting 83.8 6.39 49.0 3.74 1.8 0.14 0.82 0.72 0.45
Diapause/ 55.0 4,95 43.7 3.33 2.1 0.16 0.64 0.64 0.54
Scouting
Trap Crop/ 68.2 5.20 40.0 3.05 5.2 0.39 0.67 0.58 1.32
Scouting
Short Season - 45,7 3.48 27.0 2.06 0.5 0.04 0.45 0.39 0.13
Variety/
Scouting
\‘Resistant 43.9 3.35 25.4 1.94 0.5 0.04 0.43 0.37 0.12
Variety/
Scouting
Resistant, 31.6 2.41 20.3 1.55 0.3 0.03 0.31 0.30 0.09
Short
Season
Variety/

Scouting



Footnotes for Table X

1 A1l insecticide totals and ratios are calculated over the entire 13.1 M
acres of cotton production. OQutside the area of implementation of a
method, scouting is assumed to be practiced wherever it is a feasible
option. In the remaining regions, the current pest control practices
are assumed to be used.

2 ratio of the total insecticide (columns II, IV, or VI) to the total
amount presently applied with the current insect control practices
in the entire 13.1 M acres of cotton production

3 chlorinated hydrocarbons
4 organophosphates

5 carbamates

In addition to considering both cotton and corn, the analysis eval-
uates the impact of two levels of pest management technology and three
levels of export demand. Both limited and unlimited shifts in regional
cotton acreage were considered. The first pest management technology
(current technology) included only those pest management practices that
are currently available, i.e., strategies that could be adopted by farmers
within one year. The future technology level includes insect control
strategies that entomologists believe will be available within 5 to 10
years. The three export levels include: (1) the level experienced
during 1973; (2) 50 percent below 1973--which is approximately equal to
1971 quantities for many crops; and (3) 50 percent above 1973 levels--
which assumes that the effective demand of developing countries will
continue to expand.

With Timited cotton acreage shifts, the amount of cotton that could
shift out of any region was limited by a lower bound on acreage by region.
The lower bound represented apprcximately 80 percent of the historical
cotton allotment. With unlimited cotton acreage shift, there were no
1imits on the amount of cotton to be produced in any area. This assumes
that farmers adjust completely to the technological and economic conditions
specified.

Cotton: Current Technology

Several insect control practices and combinations of practices are
possible on cotton. The complexity is increased when the peculiarities
of regions and states are included. The analyses described below are
limited to those pest management strategies that are considered most
promising or are widely used.
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The Short Run--

Many physical and economic factors limit the ability of farmers to
respond to changes in the economic and regulatory factors influencing crop
production. This is particularly important for cotton since acreage allot-
ment practically regulated the amount of cotton grown on farms for many years.
Th1§ regulation and the threat of its return, at least in farmers' minds
1imits the rate at which cotton will shift out of economically noncompetitive
areas. Fixed factors of production and normal resistance to change also
contribute to slow regional shift in response to economic change. To
illustrate the impact of differential adjustment, analyses have been made
under what have been termed a short run situation and a long run situation.
Thg basic difference between these two situations is the amount of regional
shift in cotton acreage allowed. Lower bounds on cotton acreage by region
as defined by Rovinsky et al. (1977) were used to portray the short run
situation. No Tower bounds were used with the long run situation.

Current situation--This analysis included the insect control strategies
presently in use on U.S. farms. The results approximate 1973 production
with allowance for adjustment by farmers to basic economic conditions preva-
lent in 1973. Total cotton insecticide use was estimated at 123 million
pounds with total insect control costs of $184 million (Table XI). Cotton
production used approximately 12.7 (the model estimate differed from the
13.1 mentioned earlier) million acres and total production cost was $1.25
billion. Acreage, production and production cost for corn and the other feed
grains are shown in Table XII. This analysis using current farm practices
will be used as a basis for comparison in evaluating the effectiveness of
other insect control strategies.

Scouting--If scouting were adopted in all areas where entomologists
believe that the procedure has been sufficiently developed and tested to be
adopted immediately by all farmers, cotton insecticide use would drop to 103
million pounds and insect control costs would be $171 million (Table XI).
This represents a 16% saving in insecticide use and a 7% saving in insect
control costs compared to the current situation. The only significant
regional shift in production caused by this strategy is a movement of 1.2
million acres of cotton from Texas and Oklahoma into other areas including
the Arkansas/Louisiana/Mississippi region (Table XIII). Cotton displaced
from the Texas/Oklahoma area was replaced by sorghum and corn. The shift
from the Texas/Oklahoma area is apparently caused by the high cost of scouting
relative to other insect control strategies in parts of Texas.

Diapause and scouting--When diapause control is combined with scouting
wherever diapause control is a currently viable option, the use of chlorina-
ted hydrocarbons declines significantly and total insecticide use declines
to 81 million pounds (Table XI). This represents a 34% decline in insecti-
cide use compared to the current situation and a 21% decline from the level
achieved with use of scouting alone. This reduction in insecticide use
involved a slight increase in insecticide control costs over use of scouting
alone, but was somewhat less costly than current situation. The location of
cotton production with this insect control strategy is similar to that found
with the current situation.
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Table XI. The use of insecticide in cotton utilizing current alternative
insect control strategies during the short run.

Insect Control Pounds of Insecticide Used (x 106) Insect Control
Strategx]/ _Qﬂ%/ _QE%/ _Q%f Total Costs (x 106)
Regular 77.9 47.6 2.3 127.8 $188.8
Current Situation 75.5 45.3 1.9 122.8 184.4
Scouting 65.7 36.9 0.9 103.5 170.6
Diapause/Scouting 47.1  32.9 1.1 81.1 174.2
Trap-Crop/Scouting 54.9 30.9 4.0 89.8 158.5

Most Economical (Current) 48.6 28.0 4.0 80.7 134.9

No Insecticide 0 0 0 0 0

1/ See text for description of strategies
2/ Chlorinated insecticides

3/ Phosphate insecticides

4/ Carbamate insecticides

Trap crop and scouting~-Use of a trap crop and scouting wherever the
combination is feasible and scouting in all other areas reduced insecticide
use to 90 million pounds. This is 26 percent less than with current practice
and 13 percent less than with scouting alone. Insect control cost decreased
by 14 and 7 percent, respectively.

Most economical insect control strategy--The most economical insect
control strategy for each region was defined as the strategy with the Towest
insect control costs when insecticide, insecticide application costs, value
of yield differential and other strategy implementation costs (such as
cultural practice costs of trap crops) were considered. Selecting the most
economical insect control strategy for cotton for each producing region from
an array of known and applicable technologies resulted in a savings of about
$49.9 million in cotton insect control costs (Table XI). This 27% reduction
in cotton insect control costs would also result in reducing the total
amount of insecticide used by about 33%.

No insecticide use on cotton and corn--To determine the impact of
withdrawal of insecticides on Tand use, on regional shifts in cotton and
corn production and on production costs, an analysis was made assuming nho
pesticides were used. This analysis has to be viewed with care since the
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Table XIE; Total produétion and production costs for various crops when when current alterna-
tive insect control strategies are employed on cotton during the short run.

Insect Control _Lotton _Corn Soybean, Wheat Sorghum ____ _Other Small Grains _ . Torals _
§t_‘n_t_ey,v Aﬂy Production®/ c_o_sﬁy My m_{n_ny My A:_reiy Production® My Acr_esy Production’/ My acres?/ _Pgiu_ctﬂvy My my P_rod_m:_t_lgy qqs_t_s‘l _A'c_r_e‘s” co_sgs‘/
Regular 13.0 6,929 1,267 83.1 276,692 2,820 42.9 75,629 1,384 n.9 130,129 1,599 20.7 70,956 661 381 66,721 621 239.6 8,312
Current Situation 2.7 6,697 1,246 §2.6 2n,104 2,801 42.9 74,744 1,343 n.g 124,658 1,599 2.0 10,741 6717 38 60,051 622 239.4 8.288
Scouting n.s 6,929 1,245 53.0 275,189 2,604 43.0 75,751 1,344 72.0 130,148 1,588 21.9 73,314 696 37.5 65,651 610 239.4 8,208
Diapause/Scouting 12.2 6,929 1,222 52.6 274,783 2,1 42.9 75,586 1,342 7n.9 130,145 1,598 24 10,320 677 38.5 67,355 629 239.3 8,265
Trap Crop/Scouting n.6 6,929 1,226 53.1 275,190 2,7% 42.1 75,746 1,344 12.0 130,145 1,587 22,0 13,373 0 7.5 65,691 609 238.5 8,264
Most Economical {Current) 1.6 6,929 1,202 53.1 275,180 2,79 42.9 75,746 1,344 72.0 130,145 1,587 22.0 73,313 m 7.5 65,691 609 239.1 8,240
No Insecticide 16.3 6,929 1,313 §3.6 274,539 2,879 43.9 76,153 1,356 n.z 127,031 1,587 20.8 72,673 665 38.0 66,494 632 3.8 8,432

1/ See text for description of strategies
2/ Hilllons of acres
37 Hilllons of pounds
4/ Production costs i1 millfons of dollars
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Table XIII. Distribution of cotton production in different consuming regions utilizing current
alternative insect control strategies during the short run.

Insect Control Strategyl/
Most
Consuming Current Diapause/ Trap-Crop/ Economical No
Regions Reqular Situation Scouting Scouting Scouting (Current) Insecticide
---------- Thousand Acres - - - = - = = = - - - -
Iowa/Missouri 179 179 179 179 179 179 179
Va./W.Va./N.C. 247 217 247 247 247 247 217
Ky./Tenn. 310 242 310 3N 310 310 243
Ala./Ga./S.C. 1,205 1,205 1,205 1,205 1,205 1,205 1,205
Florida 15 15 15 15 15 15 15
Ark./La./Miss. 2,122 2,244 2,626 2,354 2,782 2,782 2,451
Texas/Okla. 8,218 7,411 6,639 7,244 6,181 6,181 10,756
Ariz./N.M. 258 253 253 258 258 253 296
Calif, 418 370 418 418 418 418 459
Total 12,972 12,136 11,892 12,231 11,595' 11,596 15,821

1/ See text for description of strategies.



entomologists estimating the yield impacts of no pesticide use for individual
options were likely not taking into account the full impact of a complete
w1thdrawa] of all in§ecticide in all areas. Further the analysis does not
take into consideration the changes in inter-farm and inter-year variability
that such a practice may cause. This analysis does, however, provide some
general indication of the impact of insecticide withdrawal.

With this alternative, insecticide use on cotton and corn, of course,
dropg to zero reflecting a reduction in insecticide use of nearly 123
m11110n_pouqu compared to the current situation. Acreage used in cotton
Production increases 29% over the amount used under the current situation
and 30% to 40% over other strategies. Total land used for all crops increased
about 2%. Cotton production costs were 6% above costs under current practice
and total production costs for all crops included in the model were nearly
2% higher. Since no Tand or other fixed costs are included in the production
cost estimates, these data significantly underestimate the costs of cropping
the increased acreage. This is particularly true for cotton.

The Long Run--

Given a sufficient period of time farmers will completely adjust to
a changed economic environment. As implied above the rate of adjustment
will depend upon the degree of change in crop economy, the magnitude of
fixed factors of production and the available alternatives. A linear
programming analysis with no restriction on regional production shifts in-
dicates the result that could be expected after complete adjustment has
taken place. While the real world is never static long enough for complete
adjustment to any particular economic environment to take place, an analy-
sis under these conditions indicates the direction and magnitude of changes
that can be expected. Thus, the short run analysis presented above and the
long run analysis presented below bracket the results that could be
expected with any particular strategy (Table XIV). Initial consequences
of implementing a particular strategy can be expected to Took something
like the results from the short run analyses while the long run results will
be more closely approximated as time progresses (Tables XI, XII, XIII, XIV,
XV, and XVI).

The long run situation was approximated by allowing unlimited shift
in regional production of all crops. Under these conditions nearly all
cotton production shifted to the Arkansas/Louisiana/Mississippi and Texas/
Oklahoma areas (Table XVI). The particular insect control strategy used
has little impact on the general location of production. It appears that
the Arkansas/Louisiana/Mississippi and Texas/Oklahoma areas have a large
enough production advantage over other areas that the differential cost of
alternate insect control strategies does not cause changes in the location
of production. Under these conditions the amount of pesticide used and the
magnitude of insect control costs are a function of the specific levels of
cost and insecticide use in these geographic areas (Tables XIV and XV).
This implies that the expected relationship between the insect control costs
and insecticide use for the strategies examined that was apparent in the
short run, may no Tonger hold.
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Table XIV. The use of insecticide in cotton utilizing current alternative
insect control strategies during the long term.

Insect Control Pounds of Insecticide Used (x 106) Insect Control
Strategyl/ CHg/ 0P§/ C&/ Total Costs (x 106)
Regular 38.2 23.7 . 62.1 96.2
Current Situation 35.8 22.2 N 58.2 91.6
Scouting 33.9 24.9 .2 59.0 133.0
Diapause/Scouting 23.1 21.1 .2 44 .4 111.8
Trap-Crop/Scouting 26.5 20.5 .5 47.5 117.4
Most Economical (Current) 24.7 21.1 .5 46.1 116.5

No Insecticide 0 0 0 0. 0

1/ See text for description of strategies

2/ Chlorinated insecticides

3/ Phosphate insecticides

4/ Carbamate insecticides

The shift in location of production that could be expected to occur
in the absence of regional acreage limitation would reduce insecticide use
by 52% with continued use of current practices (Tables XI and XIV). Com-
pared to current practice, universal use of scouting alone would result in
a slightly higher level of insecticide use and higher insecticide control
costs and total production costs. Use of diapause and scouting would
reduce insecticide use by 64% with lower insect control costs and total
production costs than scouting alone (Tables XI, XII, XIV, XV). Use of the
most economical strategy in all areas resulted in a 62% reduction in insec-
ticide use with insect control costs that are slightly higher than the
diapause-scouting system option but with the lowest total production costs
for crops of all the options considered (Tables XI, XII, XIV, and XV).

It is important to note that the level of insecticide use, insect
control costs and total production costs are lower for all long run
analyses compared to short run analyses (Tables XI, XII, XIV, and XV).
This implies that insecticide use (and production costs) could be reduced

more by allowing regional shifts in production than by forcing universal
use of any of the currently available technologies. Environmental pollution

from the current high level use of insecticides is therefore an externality
of the government allotment programs. The allotment programs restricted
regional shifts in cotton production in the nation.
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Table XV. Total production costs for various crops when current alternative insect control

strategies are employed in cotton during the long run.

Corn

Soybean

Nheat

Insect Contro} ——. Cotton

Strateay!/ acres?  producttond  costsd
Regular 12.9 6,929 934
Gurrent Sftuation V2.7 6,929 927
Scouting 12.4 6,929 967
Otapause/Scouting 2.1 6,929 95
Trap Crop/Scouting 12.2 6,929 954
Most Economical (Current) 12.2 6,929 94
No lnsecticide 4.5 6,929 1,015

ALrgg/ Productl_u_n;/ gls_t_s;-/ acres?  productiony. costsy acres?  Production®

54.9
$4.0
83.7
53.2
83.2
s2.7
5.5

202,112
280,520
278,787
276,59
276,592
276.025
312,848

4

2,887
2,872
2,88
2,828
2,825
2,821
2,882

43.0
42.9
43.0
42.9
42.9
42.7
44.0

75,904
75,807
75,805
70,654
75,608
75,460
76,489

1,346
1,345
1,344
1,340
1,341
1,589
1,366

~

F - -

130,167
130,149
130,143
125,210
130,149
130,157
128,226

Y ostsd
1,608
1,598
1,592
1,5%0
1.5%0
1,589
1,599

—— Sorghum

2/

scres?  productiond’ costs®

18.8
19.0
18.9
20.)
201
20.0
20.9

67,289
68,152
69,999
70,497
70,497
69,856
n.n2

Hillions of acres
Hiltions tf pounds

g See text for description o. strategles
‘5 Productica costs {n milllons of dollers

/

635
639
657
662
661
659
580

Other Small Grata _ __

scres?  prosuction?’ costs

36.9
7.3
37.3
38.2
8.2
39.0
35.9

64,879
65,675
65,617
67,346
67,345
68,638
63.207

603
608
607
627
627
639
598

238.4
31.8
237.8
238.3
238.2
238.3
242.1

8,011
7.988
8.020
7.99)
7.999
1.986
8,14)

/



Table XVI. Distribution of cotton production in different consuming regions utilizing current alternative
insect control strategies during the long run.

Insect Cqntrol Strategyl/
Most
Consuming Current Diapause/ Trap Crop/ Economical No
Regions Regular Situation Scouting Scouting Scouting (Current) Insecticide
------------ Thousand Acres - = = = = = = = = = = - - - -
Iowa/Missouri 0 0 0 0 0 0 0
Va./W.Va./N.C. 30 30 30 30 30 30 30
zgky./Tenn 68 68 68 68 68 68 68
Ala./Ga./S.C. 0 0 0 0 42 42 0
Florida 0 0 0 0 0 0 0
Ark./La./Miss. 1,977 2,281 2,665 2,794 2,841 2,998 2,794
Texas/Okla. 10,634 9,753 9,462 9,087 9,080 8,895 9,087
Ariz/N.M. 107 102 107 107 107 107 107
Calif. 48 48 48 48 48 48 48
Total 12,864 12,136 12,380 12,134 12,216 12,187 12,134

1/ See text for description of strategies.



Cotton: Future Technology

Adding the future possibility of boll weevil-resistant cotton and
short season varieties to the available control technologies is expected
to contribute importantly to cotton insect control. The analyses using
these strategies provide an indication of the potential returns to develop-
ment of these technologies.

The Short Run--

) For this analysis the short run implies what would be expected if
res1stance and short season varieties became available before significant
regional shifts in production had taken place. Alternately the short run
could be interpreted as what would likely happen if these strategies were
adopted under current conditions (Tables XVII, XVIII and XIX).

The major impact of resistant and short season technologies compared
to currently available technologies on the location of production in the
short run is to shift some cotton production from the Texas/Oklahoma area
to the Arkansas/Louisiana/Mississippi region (Table XIX).

. Short-season and scouting--Use of short season varieties and scouting
in all areas where this technology is expected to be available within the
next 5 to 10 years reduces both insecticide use and pest control costs be-

Table XVII. The use of insecticide in cotton utilizing future alternative
insect control strategies during the short run.

Insect Control Pounds of Insecticide Used (x 106) Insect Control
Strategxl/ gﬂ%/ _gg%/ Qé/ Total Costs (x 106)
Short Season/Scouting 34.9 22.9 0.3 58.1 129.5
Resistant/Scouting 35.9 20.5 0.3 56.7 117.0
Resistant/Short Season/

Scouting 25.0 16.5 0.2 41.8 94.5
Most Economical (Future) 35.5 21.4 3.1 60.0 98.3

1/ See text for description of strategies
2/ Chlorinated insecticides

3/ Phosphate insecticides

4/ Carbamate insecticides
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Table XVIII.

Insect Contol

strategy/

Short Season/Scouting
Resistant/Scouting

Resistant/Short Season/
Scouting

Most Economical {Future)

Total production and production costs for various crops when future alternative
are employed in cotton during the short run.

insect control strategies

Cotton ___Corn __

Air_e_szl Production?’ g‘ostsy acres?  production?’ costs¥/

2.9 6,929 1,207 52.7 274,919 2,80
1.8 6,929 1.182 52.6 216,760 2,791
12.7 6,929 1,169 52.6 274,920 2,800

.3 6,929 1,187 52.9 274,976 2,79

Soybean
Aggégl Productio_ny Costs~

4.0
43.0
43.0

43.0

Wheat

75,648
75,586
75,647

75,663

1,342
1,342
1,343

1,342

4/

n.e
12.0
n.s

72.0

Acresy

P_rgductlon!/ Costs:

130,145
130,145
130,145

130,145

1,601
1,592
1,600

1,589

&

21,2
21.3
a2

21.9

ACI‘ESZ

72,690
72,284
72,689

72,829

Sarghum
/ P_ro_m:ctior_'?/ Costs-

676
685
678

699

1/ See tea: for description of strategles.

T

Millions of acres
Mil)ions of pounds
P

¥

y

roduction costs in sill{uns of dollars

4/

8.2
8.5
8.0

8.1

Other $mall Graips _

66,721
79,426
66,721

66,509

/

622
626
622

620

. Totals

acres”  costs®

239.7 8,252
239.2 8,220
233.6 8.212

239.0 8,202

/



Table XIX. Digt(ipution of cotton production in different consuming regions
utilizing future alternative insect control strategies during
the short run.

Insect Control Strategyl/
Consuming Short Season/ Resistant/ Sﬁgilsgggzén/ Ecoﬂgigcal
Regions Scouting Scouting Scouting (Future)
-------- Thousand Acres - - = - - - - - -
Iowa/Missouri 179 179 179 179
Va./W.Va./N.C. 247 247 247 247
Ky./Tenn. 310 310 310 310
Ala./Ga./S.C. 1,205 1,205 1,205 1,205
Florida 15 15 15 15
Ark./La./Miss. 2,435 2,671 2,438 2,943
Texas/Okla. 7,785 6,540 7,692 5,773
Ariz./N.M. 258 258 258 258
Calif. 418 418 418 418
Total 12,852 11,843 12,762 11,348

1/ See text for description of strategies

low the levels achieved with any of the technologies currently available.
Insecticide use would be 53% lower than with current practices (Tables XI,
XVII). Total production costs are similar to those experienced with most
economical current technology (Tables XII, XVIIIY).

Resistant-variety and scouting--Resistant variety reduces insecticide
use to approximately the same Tevel as is achieved with short-season varie-
ties (Tables XI, XVII). Insect control costs are somewhat lower than for
short-season varieties. Total production costs are lower than was found
for any of the currently available technologies (Tables XII, XVIII).

Short-season, resistant and scouting--When boll weevil-resistance and
short season varieties are combined, insecticide use, insect control costs
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and total production costs are lower than for any other strategy considered
(Tables XI, XII, XVII, XVIII). Insecticide use is 66% less than found for
the current situation (Tables XI, XVII). Compared to the Towest total cost
achievable under current technology (most economical) a savings of $28
million per year in the cost of producing the crops included in the model

is ac?ieved through use of short-season and resistant varieties (Tables XII,
XVIII).

The Long Run--

In general, insecticide use and insect control costs show the same
relative pattern in the long run analysis as was found in the short run
analysis (Tables XVII and XX). Resistance with scouting shows a greater
reduction in both insecticide use and costs than short-season with scouting
(Table XX). However, the greatest reduction in insecticide use is achieved
with both short season and resistance.

Although the most economical option uses slightly more insecticide
than the resistant/short-season/scouting option and has slightly higher
insect control costs, a 68% reduction in insecticide use compared with the
current situation is achieved (Table XX). Total production costs are less
with the most economical option than the resistant/short-season/scouting
option (Table XXI).

Table XX. The use of insecticide in cotton utilizing future alternative
insect control strategies during the Tong run.

Insect Control Pounds of Insecticide Used (x 106) Insect Control
Strategy" et ¥ Y total  costs (x 10°)
Short Season/Scouting 25.8 19.5 >0 45.4 $104.1
Resistant/Scouting 22.9 16.5 >0 39.4 97.8
Resistant/Short Season/

Scouting 19.4 16.4 >0 35.8 84.6
Most Economical (Future) 20.3 18.6 0.2 39.1 101.7

1/ See text for description of strategies
2/ Chlorinated insecticides

3/ Phosphate insecticides

4/ Carbamate insecticides
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Table XXI. Total production and production costs for various crops when future alternative insect
control strategies are employed in cotton during the long run.

Insect Control Cotton - corn Soybean Mheat Serghum - . ‘L;,;.d.l.i. o
4/
Strngx—” Acrcs-’ Productiony l&y Acrgsz’ Pmductigny custs—/ Mrgs-/ p,-wucng,._/ (:osts—/ Acreszl Pmducuon—/ Eosts‘/ Acres-/ Production= x Costs Acres Costs
Short Season/Scouting 2.8 6,929 945.2 53,2 279,280 2,851 42.9 75,640 1,970 .5 130,149 1,596.5 19.8 68,467 649.3  38.0 66,636 616.9 238.2  7,996.)
Resistant/Scouting 2.3 6,929 9.1 52.8 277,609 2,834 42.8 75,674 1.38.9 N.7 130,152 1.588.5 20 70,419 668.5 379 66,306 613.0 237.7  7.954.2
Res;sun:lshort Season/ 12.8 6,929 925.7 83.2 279,281 2,851 42.9 75,638 1,337.9 715 130,149 1,594.8 19.8 68,467 649.3 38.0 66,634 617.0 238.2 7.975.8
couting
Most Economical (Future) 12.2 6,929 925.9 52.6 276,530 2,822  42.8 75,673 1,338,9 71.8 130,149 1,585.8 20.8 71,481 679.7  37.9 66,306 613.0  236.C  7.965.6

1/ See text 'or description of strltegies
2/ Wi114ons of acres
1/ Millions of pounds
i/ Production costs in millians of dollars



~In the Tong run more cotton is grown in the Arkansas/Louisiana/
Mississippi region with future technology than with current technology
(Table XXII). Assuming that cotton is a profitable crop for those areas,
the return to research to develop the future technologies would be greater
for this region than for the rest of the country.

Cotton: Alternate Export Levels

As the level of exports increase the competition for land with low
insect control costs increases and, in general, both the amount of insecti-
cide used and total insect control costs increase (Table XXIII). The
magnitude of this increase appears to be 3% or less in moving from approxi-
mately 1971 (low) export levels to 1973 (medium) export Jevels. However, a
further increase of approximately the same magnitude would increase insecti-

Table XXII. Distribution of cotton production in different consuming regions
utilizing future alternative insect control strategies during
the long run.

Insect Control Strategyl/
Resistant/ Most
Consuming Short Season/ Resistant/ Short Season/ Economical
Regions Scouting Scouting Scouting (Future)

-------- Thousand Acres - - - - = - - =

Iowa/Missouri 0 0 0 0
Va./W.Va./N.C. 30 30 30 30
Ky./Tenn. 68 68 68 68
Ala./Ga./S.C. 202 0 202 202
Florida 0 0 0 0
Ark./La./Miss. 3,310 3,381 3,401 3,725
Texas/Okla. 9,049 8,752 9,014 8,010
Ariz./N.M. 107 28 72 71
Calif. 48 48 48 48
Total 12,814 12,307 12,835 12,154

1/ See text for description of strategies
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Table XXIII. The use of insecticide in cotton and corn utilizing current and future alternative
insect control strategies in cotton during the short run for export levels of low,

medium, and high.

Cotton I Corn

Cotton Insect Pounds of Insecticide Used(x 106) Insect Pounds of Insecticide Used(x 106) Pounds of Insecticide Used{x 106)
Control Strategies 2/ 3 4l Control 2/ LYY, 6 2 3 4
and Export Levels e’ op=’ Y Total  Costs(x 107) [ ¢ Total Costs(x 107) =" op=
scoutin 1/ Current Technology

Low Exports 63.3 36.3 0.9 100.6 165.7 31 8.0 10.1 21.2 80.9 66.5 44.3 1.0

Medium Exports 65.7 36.9 0.9 103.5 170.6 4.0 11.3 13.8 29.1 109.3 69.5 48.1 14.7

High Exports 71.9 42.4 0.9 115. 206.4 10.0 16.1 27.1 53.2 174.4 81.9 58.5 28.0
Most Economical (Current) v

Low Exports 43.6 27.8 5.0 §&1.4 132.8 3.1 3.0 1040 21.2 80.9 51.8 35.8 15.1

Hedium Exports 43.6 28.0 4.0 80.7 134.9 4.0 1.2 13.7 28.9 108.4 52.6 39.2 17.7

High Exports 52.1 29.7 5.0 86.8 152.4 9.8 15.9 26.9 52.6 172.1 61.9 45.5 31.9
Resistant/Scouting v Future Technology

Ltow Exports * 39.7 22.5 0.3 62.5 113.1 3.1 8.0 10.1 21.3 80.9 42.8 30.5 10.4

Medium Exports 35.9 20.6 0.3 56.7 116.9 4.1 11.4 13.9 29.4 110.7 39.9 32.0 14.2

High Exports 4.4 259 0.3 70.5 132.6 9.3 15.9 26.9 52.5 172.2 54.2 41.7 27.1
Resistant/Short Season/Scoutinglj

Low Exports 25.8 17.4 0.2 43.4 95.7 25.8 17.4 0.2 43.4 95.7 51.6 34.9 0.3

Medium Exports 25.0 16.6 0.2 41.8 94.5 4.1 1.3 13.9 .29.3 110.2 29.1 27.9 14.0

High Exports 27.9 18.6 0.2 46.6 99.0 9.9 16.3 27.2 53.5 176.3 37.8 34.9 27.4

_._Total

Total

121.8
132.6
168.4

102.7
109.6
139.3

83.7
86.1
123.1

86.8
na
100.1

Insect
Control

Costs(x 107)

246.6
279.9
380.7

213.7
243.2
324.5

1941
227.6
304.9

191.3
204.7
275.3

1/ See text for description of strategies
2/ Chlorinated insecticides

3/ Pihosphate insecticides

4/ Carbamate insecticides



cide use 7 to 12% and insect control costs 13 to 21% with current technology.
With future technology insect control costs increase with increasing exports
but the impact on insecticide use is variable. As might be expected varying
export levels influenced production costs, amounts produced, and acreages
(Table XXIV).

It should be pointed out that this analysis does not consider the impact
of different cotton export levels; only changes in the level of feed-food
grain exports are considered.

Varying the level of feed-food crop exports had relatively minor impact
on the location of cotton production in the short run (Table XXV). The major
general change was an increase of cotton acreage in Arkansas/Louisiana/
Mississippi and a decline in Texas/Oklahoma as the level of exports increased.
Also the total acreage of cotton declined slightly.

Corn: Current Technology

The number of alternatives for reducing insecticide use on corn are
limited. Rotation is the only currently available technology that could be
employed for the control of the major pest, the rootworm complex. Scouting
is being developed and may be adaptable within a few years. The analysis
below assesses:the impact of adopting these alternatives.

This analysis included the corn insect control strategies presently
in use on U.S. farms. Total insecticide use on corn was estimated at 29.1
million pounds and total corn insect control costs were $109.3 million
(Table XXVI).

An obvious difference between corn and cotton is that about one-quarter
as much insecticide is used on corn as on cotton and this relatively small
quantity of insecticide is spread over about 4 times as many acres (Tables
XXVI, XXVII, XXVIII). On a per acre basis about one-sixteenth as much
insecticide is used on corn compared to cotton. This fact 1imits the impact
of corn insect control strategies in reducing insecticide use on corn.

Rotations--

The primary insect pest con corn is the rootworm complex. The current
control alternative available for rootworm control is rotation with a nonhost
crop. Universal use of rotation would reduce insecticide use from 29.1 to
8.5 million pounds or 71%. Total insect control costs would be reduced
68% (Table XXVI). However, total production costs for all crops would
increase $125 million or approximately 1.5% (Table XXVII).

Corn: Future Technology

Some opportunity exists for improving the current resistance in corn
to the European corn borer. The amount of insecticide used in corn is rela-
tively small (only about 1% of acreage is treated) for the corn borer;
therefore, the potential reduction in total insecticide for corn borer resis-
tance is relatively small.
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Table XXIV. Total production and production costs for various crops when current and future
insect control strategies are employed in cotton during the short term at low,
medium, and high exports.

o e cotten e e e oy el
and Export Levels ncres? proguction? costs¥  pcres? production? costsV  mcres¥ prosuctionV costs¥  pcres?’ prosuction? costs¥ acres?’ eroducetond costs¥  acres? eromuction? costs¥  acres? coses®
Scwtlggy Current Technology

Low Exports 12.5 6,929 1,238 42.9 231,585 2,267 30.1 54,882 913 47.5 88,583 972 2. 67,701 592 .z 67,489 581 191.4 6,562

Hedfum Exports n.g 6,929 1,245 53.0 275,189 2,804 43.0 75,751 134 72,0 130,145 1,588 21.9 73,314 696 3.5 65,691 610 239.4 8,288

High Exports 11.4 6,929 132 75.5 389,914 4,196 63.3 100,190 2,158 92.9 165,683 2,338 10.9 41,753 488 20.7 33,645 384 274.8 10,886
Most E:nnul:ﬂ_@_le)y

Low Exports 1.9 6,929 1,200 $2.9 231,626 2,267 30.0 54,882 913 47.6 88,523 m 2.0 67.12 592 3.2 67,482 sa1 190.8 6,523

Hedium Exports n.s 6,929 1,202 53.1 275,190 2,796 42.9 75,745 1,344 72.0 130,145 1,587 22.0 73,372 701 .5 65,691 609 239.2 8,240

iigh Exports n.o 6,929 1,282 1.7 383,845 4,139 62.5 100,018 2,129 9.9 160,744 2,339 12.9 77,956 555 20.6 33.645 385 274.7 10,824
i_l_l_g_lﬁ_nn![suntlng" Future Technology

Low Exparts n.e . 6,929 1,190 42.9 231,639 2,267 30.0 54,882 9z 47.6 88,503 972 2. 67,116 592 7.2 67,489 581 190.8 6.513

MHedium Exports 1n.s 6,629 1,182 52.6 276,760 2,791 42.9 15,586 1,342 2.0 130,145 1,592 21.3 72,284 685 38.5 79,426 626 239.2 8,220

High Exports n.e 6,929 1,269 74.7 383,8N 4,140 62.5 100,019 2,129 93.0 165,683 2,341 12.9 47,930 555 20.6 33,645 384 274.7 10,817
Reristant/Short Susog[sumﬂm—l/

Low Exparts 13.2 6,929 1,158 42.9 231,620 2,267 30 54,882 Nna 47.5 88,532 973 20.7 67,711 589 .2 67,489 581 191.6 6.482

Nedium Exports 2.8 5,929 1,169 52.6 21,920 ,2M  43.0 75,647 1,343 n.oe 130,145 1,601 a.2 12,689 618 38.1 66,721 622 2336 8,202

High Exports 12,5 6,929 1,239 75.9 Mg 4,225 63.3 100,194 2,163 92.5 165,683 2,345 10.2 37,946 457 20.3 33,645 s 275.0 10,812

1/ See text for description of strategles
2/ Nillions of acres
3/ Willions of pounds
4/ Production costs in millions of dollars



Table XXV. Distribution of cotton production in different consuming regions utilizing current
and future insect control strategies during the short run at Tow, medium and high
export levels.

Current Technology Future Technology
Scouting Strategng Most Economical (Current) Stra}ggx;/ Resistant/Scouting Strateg 1/ Resistant/Short SeA;;;7Scouting Strategyl/
Consuming Low Medium High Low Medium High Low Medium High Low Medium  High
Regions Exports Exports Exports Exports Exports Exports Exports Exports Exports Exports Exports Exports
Thousand Acres
Towa/Missouri 179 179 179 179 179 179 179 179 179 179 179 179
Va./M.Va./N.C. 247 247 247 247 247 247 247 247 247 347 247 247
Ky./Tenn. 310 310 310 310 310 310 310 310 310 310 310 310
Ala./Ga./S.C. 1,205 1,205 1,205 1,205 1,205 1,208 1,205 1,205 1,205 1,205 1,205 1,205
Florida 15 15 15 15 15 15 15 15 15 15 15 15
Ark./La./Miss. 2,328 2,626 3,137 2,626 2,782 3,542 2,724 2,671 3,563 2,128 2,438 2,922
Texas/Okla. 7,567 6,639  5.589 3,975 6,181 4,742 6,530 6,540 4,724 8,449 7,692 6,856
Ariz/N.M. 258 253 305 258 253 305 257 258 305 258 258 305
Calif. 413 418 418 418 418 418 418 418 418 418 418 a8
Total 12,528 11,892 11,405 9,233 11,596 10,963 11,885 ]'(,843‘ 10,966 13,309 12,762 12,457

1/ See text for description of strategies



Table XXVI. The use of insecticide in corn utilizing current and future
alternative insect control strategies on corn and cotton during
the short run.

Insect Control ] Pounds of Insecticide Used (x 106) Insect Control
Strategy/ ¥ ¥ qotal  costs (x 108

------ Current Technology - - - - - - - -

Current situation on corn 4.0 11.3 13.8 29.1 109.3
with scouting on cotton

Forced rotations on corn 2.0 4.0 2.6 8.5 34,7
with scouting on cotton

------ Future Technology - - -~ - ~ - - -

Current situation on corn 4.1 11.3 13.9 29.3 110.2
with resistant, short season/
scouting on cotton

Forced rotation and/or 2.5 6.3 3.7 12.5 72.3
scouting on corn with

resistant, short season/

scouting on cotton

1/ See text for description of strategies
2/ Chlorinated insecticides

3/ Phosphate insecticides

4/ Carbamate insecticides

The only technology that entomologists expect to be developed for corn
insect control in the future is scouting. Although scouting is considered
ready for use in some states, most entomologists believe that the scouting
technology is not adequately developed.

When use of either scouting or rotation is forced in all areas insecti-
cide use declines by 57% (16.8 million pounds) and total insect control ,
costs decline by 34% (Table XXVI). However, total production costs increase
by $116 million or 1.4% (Table XXVII). In addition nearly 5 million more acres
of land are used in production. This magnitude of an increase in land use
would imply an increase in fixed land, building and machinery costs which are
not included in the model. Thus, total costs will increase by significantly
more than the 1.4%.
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Table XXVII.

the short run.

. Lorn

tnsect Control e fLotton
strategtes!/ ncres?  production?’  costs?/
Current situation on corn n.9 6,929 1,245
with scouting on cotton

Forced rotation on corn 1.9 6,929 1,244
with scouting on cotton

Current situation on corn 12.7 6,929 1,169
with resistant/short season/

scouting on cotton

forced rotetion and/or 12.8 6,929 nmn

szouting on corn with
resistant/short season/
scouting on cotton

A:resy

53.0

§6.0

52.6

52.5

production?  cost

275,189

272,007

274,918

272.836

2,804

2,882

2,800

2,875

]

. Soybean

Acres?/ 24

42.0

42.7

43.0

§7.2

Prnductlnn‘y Costs:

75,750

76,893

75,647

75,921

Current Technology

1,344

1,381

72.0

n.7?

130,145

129,044

Future Techuotogy

1,383

1,364

n.

130,145

129,050

Costs®

acres?/  provuction®/

4/

1,588

1,595

1.601

1,610

2.9

23.5

2.2

23.0

1/ See text for description of strategies
2/ M1l{ons of acres

3/ Midlions of pounds

47 Wilons of dollars

Sorghum
Acresg/ Ernducnony ijgsf’

73,378

17,678

72,689

m7.322

/

696

m

678

706

Total production and production costs for various crops when current or future
alternative insect control strategies are employed on corn and cotton during

____Other Smal} Grains _

A.C!,eiz/

37.5

3.4

8.1

36.4

production”  costs’

65,691

65,548

66,721

65,051

!

610

622

622

602

Totals
Ag‘res:u Costs
239.6 8.312
2401 8.437
239.6  8.212
254.4 8.328



Table XXVIII. Distribution of corn production in different consuming
regions utilizing current and future alternative
insect control strategies during the short run.

Current Insect Control Strategxl/ Future Insect Control Strategyl/
Resistant/Short Season/

Scouting on cotton and- Scouting on cotton and-
Consuming Current Situ- Forced Rotation Current Situ- Forced Rotation
ation on corn on corn ation an corn and/or
Region Scouting on Corn

Thousand Acres

I1linois 7,728 8,236 7,764 8,678
Iowa/Missouri 6,857 7.497 6,874 6,707
Minn./Wisc. 4,423 3,525 4,423 4,291
Michigan 492 497 492 496
Ohio/Indiana 5,689 5,148 5,697 5,275
Mid-Atlantic 2,816 3,257 2,816 2,816
Va./W.Va./N.C. 2,331 2,306 2,589 3,636
Ky./Tenn. 2,323 1,382 2,323 1,376
Ala./Ga./S.C. 1,162 2,235 1,175 1,854
Florida 337 352 337 18
Ark./La./Miss. 2,212 2,355 2,149 2,270
Texas/0Okla. 2,474 3,558 1,671 3,612
Kansas/Neb. 7,957 7,139 8,107 7,859
N.D./S.D. 4,345 6,374 4,339 1,515
Idaho/Mont. 39 39 39 39
Colo./Wy. 393 394 393 394
Ariz./N.M. 34 34 - 34 34
Wash./Ore. 62 62 62 62
Calif. 1,345 1,588 1,345 1,588
Total 53,033 55,992 52,644 52,535

1/ See text for description of strategies
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In interpreting the increased production costs associated with the corn
insect control strategies it should be pointed out that the 1.5% increase in
costs will 1ikely imply a reduction in the farmers' return from labor and
management of 5% or more. Farm profit would be reduced by a significantly
higher percentage.
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DISCUSSION

The analysis of alternatives for reducing insecticides on cotton and corn
documented that several insect control strategies could be employed to reduce
insecticide use in both cotton and corn. For cotton insect control, scouting,
diapause control, trap crops, and short season culture are technologies that
are available today that could be employed to reduce insect control costs and
reduce the amount of insecticide used.

In one analysis that employed the most economical insect control strategy
for cotton in each region resulted in an estimated annual saving for the
nation of 49.9 million in cotton insect control. This amounts to about a
27% reduction in cotton insect control costs while at the same time reducing
the total amouynt of insecticide used by about 33%.

With 27% reduction control costs, the immediate question is why aren't
cotton growers employing this current and applicable technology? The
adoption of technology by cotton growers as with all groups is compliex.
Before commenting specifically on problems of adoption of specific insect
control technologies, it should be emphasized that cotton growers have been
adopting new insect control technologies.

As mentioned earlier, few growers are now applying insecticides on a
strictly routine basis. Most check their cotton for the seriousness of
insect pests before treating. Most are shredding cotton following harvest
to reduce the number of overwintering boll weevils and cotton bollworms.
Some apply insecticides for diapause control of boll weevils and employ trap
crops.

To explain why the most economic cotton insect control technologies are
not being employed extensively necessitates consideration of each control
technology. "Scouting" itself is a complex technology that requires
knowledgeable specialists to advise growers. Also the grower has to pay
for this service. In addition, the use of insecticides provides the grower
with a type of insurance for his crop. Investing'in a specialist to advise
him w?en "not to treat" appears sound but is viewed as somewhat of a
"gamble."

We should also point out that the insecticide companies have their "free
advisors" telling growers how and what to treat. The number of “free
advisors" constitute a large "public relations force" encouraging the use

of insecticides.

The use of low concentrations of insecticides for diapause control of
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the boll weevil is hindered in part because the control must be adopted on

a region-wide basis. No one has assumed responsibility for assuring
regional participation. Demand by growers is also relatively weak because
it is a technique that is employed in the fall of one year for the control
of weevils the following season. This indirect relationship makes it diffi-
cu]t.ior the grower to relate his efforts to the direct control of boll
weevils.

The difficulty of growers adopting trap crops for insect control in
co?goE was discussed in detail in the RESULTS, hence, nothing more will be
said here.

The use of short season cotton culture for irrigated cotton is hindered
because growers often do not fully understand the physiology and growth
characteristics of the cotton plant. Withdrawing water Tate in the season
restricts further foliage growth and forces the cotton plant to mature and
produce its normal crop early. This occurs without a reduction in cotton yield.
Restricting water and further cotton foliage growth appears to farmers
an undesirable effect based on his perspective of the cotton plant. In
defense of the grower, we should point out that cotton plant physiology and
insect control are only two factors of a highly complex set of factors
related to the whole cotton production system. A need exists to inform the
farmer how insect control and water use are part of the total cotton pro-
duction system.

Some new technologies represent programs with higher yield variability
and thus risk to the farmer than a regular spray schedule. When this
increased risk is combined with the necessity of learning a new insect
control strategy, resistance to change is expected. Part of this resistance
stems from the experience that farmers have had with new technology. If the
change is unsuccessful the first year (for the farmer or his neighbor) the
farmer will tend to continue with current practices. Of course, any added
increased yield variability increases the probability that an "experiment”
will be unsuccessful.

The results obtained from the dynamic analysis should be compared to
the static analysis. The most significant difference in insecticide use
trends between the two analyses is between calculations using the current
averages of insecticide use in each region. Based upon the information given
by entomology experts (see Appendix), a total of 174 million pounds of
insecticide were used on 3.1 million acres of cotton. However, the linear
programming model calculated that to obtain the same level of cotton pro-
duction, the total amount of insecticide used when employing current
practices, would be only 123 million pounds of insecticides used on 12.7
million acres of cotton. Thus, the relocation of production to more
efficient areas not only reduces the number of cotton acres by 3%, it also
reduces the total amount of insecticide use by 29%.

Both the static and dynamic analyses were based upon the same data for

the levels of insecticide use per acre. Thus, the reduction in insecticide
use was caused by the fact that the regions into which cotton is being
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shifted require less insecticide than the regions from which cotton is
removed.

In the static analysis the total amount of insecticide used was estimated
to degrease by 41% when the "most economical (current)" insect control
pragt1ces currently available were substituted for current practices in each
region. An analogous comparison of the results of the dynamic analysis
indicates that implementation of the "most economical (current)" insect
control method in each region will result in a 53% reduction in insecticide
use. The reason for this difference in the results is primarily that the
initial shift of production in the base run reduced the amount of insecti-
cide use so much that additional reductions due to the implementation of new
technology are of less significance.

_Assuming the most efficient allocation of cotton production and imple-
menting the "most economical (future)" methods (includes resistant and short
season varieties) available in the future and removing all restrictions on
the Tocation of cotton production results in a reduction of 78% of the 174
million pounds estimated to be used currently. However a substantial amount
of research will be required before these varieties are commercially avail-
able. The data in Table XXIX show the annual research expenditure which
could be justified by these savings under various assumptions about the
length of time taken to develop these varieties and the length of time over
which the savings could be achieved. These latter assumptions take into
account the fact that pests will eventually adapt to the new varieties.

Table XXIX. Amount that could be spent on research for resistance and
short season cotton varieties.

Years before

Resistance / Years for Development
Breakdown 5 10
million dollars per yearlf
> 22 10

1/ Assuming 5% discount rate

2/ Average years over which full benefits

~ received. Resistance is likely to break down
gradually.
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Compared with cotton, the number of insect control strategies in corn
were limited to crop rotations for control of the rootworm complex, scouting,
and resistant varieties. Because there are fewer serious pests on corn
than on cotton, about one quarter as much insecticide is used on corn as
on cotton. Also this smaller quantity of insecticide is distributed over
4 times as many acres. Hence, on a per acre basis 1/16th as much insecti-
cide is used on corn as cotton. This fact Timits the opportunities for the
use of different insect control technologies in corn.
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APPENDIX . COTTON AND CORN INSECT CONTROL ALTERNATIVES

Data on cotton and corn insect control alternatives were obtained from
the leading entomologist(s) with special knowledge for each crop in each of
the major cotton and corn producing states in the United States. These
entomologists provided data on current insect pest control practices and
"best estimates" of what various alternative controls would mean in economic
cost/benefits and pesticide use patterns.

The detailed data on insect control alternatives for each distinct
region are presented for cotton in Tables 1 through 32 and corn from Tables
33 through 55.
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Jable 1. Cotton Pest Control in Alabama,
Central Region,

Acfeage grown .165,000 . o o, Sourco L Floyd . Gdliilund nod Ly, Buy Ledbetter

Average yicld ..290 1bo/A

Period 1972-T4 .

mxtent of Problem(¥

Tyentmento

Line Cultural Pests L—- Bcouting|% s.req |Commen:
creage s Pesticide 3 ¥ "
No. | Practice ecitos |Aarvefiay||ropatictoen ost b 1 | Applicatton] Total Lida Gost/A in. | code!
Chemical |Deing. || Treat- Cost/A | Cast/n |Coat/a [With  |Without Dispause
Treatment {Treated I{mento 1bo/A/lrentmert (4) (4) $ ($) Control
4 (%) (% per " (#)  fercatmenttrcatment]
: season | CH { OP [
1 |Rezulara 90 | Boll weevil
Dlapsuse R L 100 100 13 121 39.00 | 13.00 [52.00 | 500 175 18 1
Budvorm {12-1h : (150-200)
Mites, ete. .
2. [Scouting, 10 TBoll weevil
Diapause™ Bollworm
Badworn 100 100 8. -1 2 5 . .
TR, (8_93 2 25,50 8.50 3k.00 | 500 1.25 18 1
3 Scouting, Boll weevil
Dispause Bollworm .
Budworm 100 - 2 - . .
e T (25_33 1 7.50 2.50 10.00 | soo 1.25 100 2
4 Resistant, Boll weevil
Regular Bollworm .
- Budvorm 100 6.5 2 11 10.50 6.50 26.00 500 3
Mites, etc.
5 Resistant, Boll weevil
Ecouting, Bollworm :
Diaveuse Budworn 100 6 2 1 T.50 2.50 10.00 500, 1.25 100 3
Hites, ete. l
3 Short acason Roll weevil
Rerular Bellworm
Budworm 100 6 2 |11 19.50 6.50 26.00 500 3
N Wites, etc.
4 Trap crop TBoIT weevil
chort season, BoITlworm
Reenlar Budwornm 100, b 2} 12,00 k.00 16.00 500 3
it -
— Mites, etc.
[Diapause Boll weevil 2 1/h 2.00 2.00 5.00
Trap erop” Boll weevil 3
3 - 1.05 -
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Table L. Continued. Acreage growm . Bource
Average yield Period
Line | Cultural Pesto lgte"t of Problem(%}} Treatments N Scoutinglg
Fo. Practice Acreage crea Pesticides Usad COULINg (X Actes |Commen:
g;ﬂﬂingl GirreftLy e aterinls | Application| Totnl teld/a Cost/p in | Codeb
emic reat- Cosat " Dia
Treatment | Treated ments 1bo/A/Treoatment (:; /A f:;t/A Cost  [Mith Mittout ) Coﬁt:::
(%) o 1 op ° ($) trcatmentIrcatment
g8 |Trap Crop
Scouliiag 100 4-5- 2 1 13.50 4.50 18.00 500 1.2% 2
9 |Short Seeson
Veriety
Scouting 100 3 2 1 9.00 3.00 12,00 500 1.25 3
10 |Resigvant
Scouning 100 6 2 1 18.00 6.00 24,00 500 1.25 3
Short Seesdon
n Besistant
Variety 100 2 2 1 6.00 2,00 8.00 500 1.25 3

Scouting
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Table 2. Cotfon Peat Control in Alabama, Acrenge grown 200,000 o . Bource olt. Floxd R. G111{lund god Dy Loy Ledbetter
Northern Region, .
Average yield ....500 lhse/i Period —1972-Th .
S . b P : . e osny o g
Line | Cultural Pests  |ixbent. Ec;f P!l.\?:'lei‘rriﬂ) ' Trentmento - Scouting % Acres Cicn:
P‘"' Practice Needing |Currently W‘uﬂ——*bﬁteﬂuls Application| Total Lied/A Cost/a uin Code
Chemical {Deing. Treat- Cost/A Cost/a | Coat sa[With Without Do
. Treatment | Treated |{ments 1bo/A/Treatment ($) (4) 4) . $)
4 %) () f ] treatmenlTreatment;
- - Gen jor | ¢
1 Regular, + bl m]m‘
—Dlapause g";;’ | 1oo 96 8 2 |1 2,00 8.00 32.00 |} s00 250 18 1
Mites
2 | Scouting, |25 |Bol) weevil f H
—Dispause 1 Bollworn 4 109 100 7 {2 |1 6.00 2100 8.00 | 500 125 |18 1
Mites, etc,
3 %pﬂqrbmf Ball weevil |
egular
:‘;;l::;"‘ 100 in 2 N 12.00 k.00 16.00 | 500 3
HNites. eto 4
i Resistant, Boll weevil
gig::;’s‘:"l oLlvorn 100 v |2 6.00 2.00 | 8.00 | 500 1.25 | 100 3
Hites, ete,
5 Trap crapl Bnll weevil .
—Beular gﬁ};g;m___ 100 s |2 15.00 s.00  [20.00 | s00
Mites, ete, ’ >
6 art. ssasan Rallyorm
Regular Ball weevi] 100 b 2 12.00 k.00 16.00 500 3
Mifﬂﬁ eto
T Trap crop,? Boll weev]l o
faark_se Luguorn 100 3 {2 b 6.00 2.00 8.00 | 500 3
Sc B——Il——o lveev T ‘w
2 1/4 3.00 2,00 5.00 - -
3
Trap crop Boll weevil 3 3 - _ 1.05 - 1 _
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Table 2.

Continued. Acrenge grown Bource
Average yield Period
Line Cultural Pests F‘x;‘ent of Problem(% Pesticiaen Usen frertmenta Scouting|% Actes |commend
egticides lsge P
No. | Practice nocanege |sEesat1y| st nteriols | Application| Total Licld/a Cost/a | in | Codeh
Chemical Treat- Cost/y Cost/p |Cost ([With without Diepause
Treatment ments 1bo/A/Tréntment (4) ($) ($) $) Control
(%) lreatmenyTreatment
CH | OP
.Diapause
8 | Scouting 100 1 2 EY 3.00 1.00 4.00 | 500 125 | 100 2
9 Trap Crop
Scauting 100 ] 2 1 12.00 k4,00 16.00 | 500 1.25 2
10 |Short. Season
Variety
Scouting 100 3 2 1 9.00 3.00 12.00 500 1.25 3
Resistant
- Scouting 100 5 2 1 15.00 5.00 20.00 500 1.25 3
12 | Shart., Sesson
| Besdstent 100 2 |2 |1 6.00 2.00 8.00 | 500 1.25 3
Yariety
Scouting
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Table 3.

Eastern Reglon,

Cotton Pest Control in Arizona,

Acreage grown.30,000. . .. Sowrce.lr. Then Watson and e

Average yield 610 1bs/A

Period A912-Th

Leon-l&

Line Cultural Pestg pixtent of Problemn(% )l T Trentment;o T Sgoutins 4 Acres comm(_.ﬂ:
" . cld
Ko. Practice NcAtfHTﬁ&Be Wiredtiy| 7 or ttaterlals | Application| Total oolfa Dia 1:“ e Code
Chemical |Deing. Treat- Cost /p Coot/p | Coat/p [With Without COIx)xtrol
Treatment |Treatsd ||mente ,1bo/A/Treatment $ $ ($) .
% ‘ ' : (%) (#) ($) I'reatmend Treatment]
(%) *) ci for | ¢
1 Regular Lo Pink Pollworh
20 {Plant Bugs 100 100 2 |y} 10.00 § 610 564 1
Bollworm
complex
Leaf F
Perforator .
2 ocouting 50-| Same .
£0 75 75 <1 2 |1 5.00 | 610 1.65 1
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Table L, Cotton Pest Control in Arizona, Acrenge grown 320,000 .. Gource JDr. Theo Wakson snd Dr. leon Maore.

LL

Western and Central Region, Average yield .1,100 1ba/A Period L972-74
Line Cultural Pests Zxtent of Px;‘oblan(e% Ircotnents - S - Scouting|s Acres |commen'
e Practice Acreage creag Pesticides Used . Yield/a Cost/A i )
. Need ing [Currently|[7 or Materials [ Application| Total . " Code
Chemical |Being. Treat- Coet /o | Cost/a |Cost/alWith Without Plapause
Treatment{Treated [|{ments 1bn/A/1reatment (4) *) (#) $) ontro
% (%) (%) I'rcatmenTreatment
CH_ | OP C
1 | _Regular 3~ | Pink Bollworim
97{ Plant Bugs .
Bollworm 100 100 9 1211 b5.00! 1,100 715 1
complex .
Leal
Perforator
2 Scouting - [ ALL !
T_ 100 100 6 1211 : 30.00| 1,100 2,50 1
3 Trap crop ° A
Regular
- 100 7.5 2 1 37.50 1,100 2
4 | Trao crop? Al
{-Scoutiog 100 ¥ | 2)2 20.00 | 1,100 2.50 2
5 Short seasonY Al ;
Regular 100 6 | 2] 30.00| 1,100 2
6 Short seasony ALl )
Scouting 100 2.5 2 1 12.50 1,100 2.50 2
Trap crop” (2-3)
i
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Table k4.

Continuead. Acrenge grown Bource
Average yield Period
Line Cultural Pests Mf. of Problem{%) . Trentmenta . : ——— sgg‘;:ins % Actes Commeg‘
Ko. _Practice "é(éﬁeage C&%‘E‘%%iy ‘»&i"o - - Materinle | Application| Total - /A Dia p::se Code
Chemic Being. Treat- . Coat/p Coot/y |Cost |With Without Conirol
Treatment [Treated |Iments 1bo/A/Trestment ($) ($) ) orcatmontiroatment (%)
rcaimenUTrecatmen
CH { oP C .
T Yarjety ' 3
| Scouting 100 3 2 1 15.00{ 1,100 2.50
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‘Table 5, Cotton Pest Control in Arkansas,

Acrenge grown

A£75 4800

Dource ..l

Lharles Ligoolsn

Central, East Central, Southwest Region. Average yicld 513 _1hs/fd Period ~1972a7h:
vt blem(%) T: catmente
Line Culturn.l» Pests ﬁ:g:f P::ruage(h Testicides Used Yielda Sgou:ins 4 Acres Co.'nme.?‘-
No. Practice Needing |Currentlyl] 7 of Materials | Application| Total o8t /A i in Code
Chemical |Deing. Treat- Cost /p Cost/a | Cost/a [With IWlthout apause
Treatment | Treated ments 1ba/A/Trestment (%) 4 4) $) Control
3 (%) (4) - rcatmenttrcatment
. CH_| OP c
1 ‘Regular J 10 | Boil weevil
Diapause (1) Bollvorm 0
complex 100 100 ( 7—8) 1.7 1 T 15.00 513 375 15 1
Plant Ruygs 5
Mites, Thrip
2 Scouting 32 1ALL
Digreuse (1) 100 100 6 17| L.2t1/3 15.00 | 600 1.50 15 1
3 Resistant Boll weevil
100 (4] "0 500 3
) Short Season
100 0 0 koo 3
5 Scouting -
Diapause (1) 100 5 1.6l 1.4 .5 13.00 | 600 1.50 100 2
Diapause 2 1/2| 1/2 5.00 | o0 -
i
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Table 7* Continued

Acrenge grown

Source
Average yleld Period
Line | Culturnl Pests IF:xtenf. of Pr:blcm(ﬂ = i —— Treatmenta . — Beoutingl% Actes |Commen!
Ro. ) Practice loeding  |cOTrentiy|] poreo o oes Tee MateriG1s | Application! Total Kend/a Gost/n | in | Codel
Chemical |Being. Trent- Coet/p | Cost/y |Cost [With  |Without + |Pimpause
Trentment | Treated {Imente 1bo/A/lrcotment (4) ($) (#) %) Control
(%) (%) IreatmenyTreatment|
on ¢_|
{Short Season
6 |Yariety
[Scouting 100 0 1.50 3
Resistant
7 [Scouting 100 0 1.50 3
Short Season
8 |Resistant
Variety 100 0 3
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Table 6, Cotton Pest Control in ‘Arkansas, Acreage grown . £5h.800
Northeast Regioh.

Source e Lharles Lincaln

Average yicld 193 1bs/A_ Period L1912
N . o i 4
Lne| Cultural Pesto |fxtent of Problem(Z} Trenmenty — Scouting | acres Comecy
Ro. Fractice “&cﬁ?‘a e C&Igﬂgfy T‘&M‘HLI-mterinls Application| Total Lield/o Cost/a in Code
Chemical }Deing. Treat- Coet/a Cost /o | Cost/a [With Without Diapause
Treatment|Treated [Iments 1bs/A/Treotment ($) ($) $) ($) Control
4 (%) 73 - CreatmentTreatment)
. ci {op_.| C
1 ___R_emxla.r7 50 | Plant Bugs
Thrips 100 © 100 0-1 |1/2] 1/ T 3.00 493 473 1
Mites
|_Scouting 50 -
2 = 100 6 o-r |22 )z $3.00 A 1.50 1
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Table T. Cotton Pest Control in Celifornia Acrenge grown 850,000 Source Dr. Louis Falcon
' los/A
San Joaquin Valley Region Average yiela 990 (350-2020) ‘}/-m od. . 1972-Th
:1“ Prnctice Peate m::::s:r P’Z:ifm“ Pesticides Used = Yield/ Bont i E|F Aeres |Commen
o Practice ﬁeﬂm‘m &rteiffly #-of nter ials | Application| Total S3CLA. Cost/a in | Codeh
‘{Chemical |Deing. Treate Cost/p | Costjy [Cost |[With  [Without Diapause
Treatment|Treated |lments 1bo/A/Ureatment ($) $) ($) $) Control
1 Treatmenyfreatment
(%) (%) en lor | ¢
1 | Regular,® T8}Plant Pugs
Trap Crop Mites, Boll~ 20 80 2.5 k.00~ 1.00~
Worm Complex ( 2_’_3 ) 1 2 3/4 10.00 2.00 20.00 850 900 1
rink Bollwor
2 | Scouting¥ 22] A11
20 20-30 15 |1 |2 |2 10.00 | 900 900 5.00 1
(0-3) 2.50-10.40)
3 Trap Crop+V ALl
Regular® 20 1.5 {1.5)0 |o 00 o o 2
(0-1) 2. 900} 900
e Trap CropiV All
Scouting? 20 0.5 {L.5 |0 |o 2.00 | 900 5.00
(0-1) (2.50-10400) 2
Trap Crop3
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Table &, Cotton Pest Control in California, Acrenge grown 20,000 ... Gource Rr. Nick Toacgno
Southern Region (Imperial, Sen Bernardino,

and Riverside Co,). ) Average ylcld 12300 1bs/A  ° pongoq 1972-TH
B Trentmenso
Line Cultural Pests ‘%p%%@ N civ - TRYY Scoufins % Acres [Comman’
No. Practice - Need ing {Currentlyj}/ of Materloels | Application| Total SA Cogt/A in Cod¢
Chemical |Being. Treat-- Cost )o | Cost/A |Cost/A[With  |Without Diapause
Treatment [Trented |{ments 1bo/A/Treatment ($) ($) (%) $) Control
% (%) (%) tecatmenyTreatment
- [ S 0} C
1 Regular ko Pipk Bolle 10 0 1 0
worm { T2.00 1,300 650 1
Teaf Perfor-§ 190 100 2 oo |1 !
- __ator
Bollworm
complex
Plant bugs
Seouting 60 | All !
2 100 100 T jo o
48.00 | 1,300 7.T5 1
1 (o} 0 1
3 Qnrni-{ns Al] 5 0 1 o
100 33.00 | 1,300 T.75 2
1 Q ‘0 1
L Cran. Met i+ All
Sennting 100 N o] 1 ) 2k.00 1,300 T.75 2
¢ | short season®l {Pink Bolluors
Leaf Perfore| .
o 100 4.5 1 27.00 { 1,300 2
Baliworm.
. complex |
¢ |Crop Mgt, *T ALl .
I'scouting 100 3.5 1 21.00 | 1,300 1.15 2
| Short_season *
= [
: 3 I
]
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Table 8. Continued. Acrenge grown .. Bource
Average yield Period
Cultural P Extent of Problem(% Treatmenba A 1
Line Pr ura ests [ Acreage] Aorcage Pesticldes Used z Yield/ Scouting|% Actes |Commen
No. nctice Needing |Currently}|7 of “interisls | Application| Total A Cost/ in | Codek
Chemical (Deing. || Treat-: Cost/y | Costsy [Cost [With  [|Without ' [Piepause
Treatment | Treated |[|ments 1bo/A/Trentment $) 4) (4) (%) Control
(%) (%) \ Creatmend 'I‘rentmcntJ
) CH | OP [
T Short Season
Variety
Scouting 100 45 o 11]0 27.00 | 1,300 1,75 3
8 |Short Season
Resistant
Vericby 100 4.5 0 11]0 27.00 | 1,300 7.715 3
S_g_oufina
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Table 9. Cotton Pest Control in Georgia,

Acrenge grown 15,000 . . Bource.l.Dopald Canerday and. Nr Herbext Womaclk

. 450 1bs/A R 1972-Th
Above the Fall'Line Region, Average yield Period 912-T4
Line Cultural Pests |ixtent of Problem(%) - Trecaiments Stouting |4 L
No Prnctice A Feage] JAcrea Pesticides Used . Yield /a Cost /A | Acres Co"‘mﬁ
. Nead ng Currengfy 7 of Materials | Applicetion| Total 5 in Cede
Chemical |Being. Treat- Coet/A | Cost/a | Cost/a [With Without Diapause
Treatment [Treated [Iments 1bo/A/Treatment ($) (4) (4) ) contro.
4 (%) (%) I'rcatmentTreatment)
; Ci_| op 4
1 lfbl_?gular 15 1_Boll weevi
apause (1) Bollworm 100 95 12 2 1 60.00 kso 200 20 1
complex ’
2 outing 25 | A1l
Piapause (1) 100 95 10 2 1 50.00 450 1.59 20 1
3 [Short Season All
egular 100 8 2 1 40.00 bso 3
3 Scouting All
[Diapause (1) 100 9 2 1 45.00 450 1.59 100 2
5 EeEiEtant AT
) egular 100 T 2 1 35.00 450 3
{ B
6 Ecouting ALl
esistant 100 6 2 1 30.00 450 1.59 100 3
iapause (1) .
Tapause by 1/4 4.00 450 -
i
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Table 9» Cotton Pest Control in Georgis,

Acrenge grown

Bource
Above the Fall Line Reglon.
(Continued ) Average yield Period
Line | Oultural Peste Rx:;::a;: ‘?r::j:: (: Pesticides Used e : i Scouting % Acres |Commen:
No. Practice Needing Currenily Tof "4nteriale | Application| Total Lield/s Cost/a in Codeh
Chemical |Deing. Treat- Cost/a | Costj |[Cost [With  [wWithout Diapause
Treatment|Treated [fments 1bo/A/Trcntment ($) ($) ($) ($) Control
] (%) (%) : TrcatmenyIreatment
CH | opP Cc
Variety
T Scouting 100 T 2 1 35.00 450 1.59 3
8 );Z;L:;;? 100 6 2|1 30.00 | k50 1.59 3
SHOr. SERSon
9 [|ResIstaEmT
VYariety 100 6 2 1 30.00 450 1.59 3
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10, Cotton Pest Control in Georgia,

Acrenge provm 345,000

Gource Dr. Donald Canerday znd Dr, lerhert Wemack

Table
,Below the Fall Line Region. \
Average yield .39 1bs/A Perjod 1972-Th
. e
Line { Cultural Pests Ex*‘::i;;g Problen($) TR Trcntnento Scouting|% acres |Commer
Yo, Practice Needing {Currentlyl|{7 of Materiale | Application| Total ield/y Cost/A in Code®
Chemical |Deing. Treat- Cost /p Cost/A | Cost/A [With Without Diapause
Treatment | Treated ments  1bn/A/%Trontment (4) ($) ) . $) Control
4 ¥ %) ! treatmenlTreatment
Cit_| op 4
1 Regular 75 | Boll weevil
Diapause (1) Bollvorm 100 95 16 2 1 80.00 450 200 20 1
complex
2 Scouting 25 JALl
Diapause (1) 100 95 1h 2 |1 70.00 | 450 1.59 20 1
4 Short season A1L -
“Regular 100 12 2 1 60.00 450 3
Scouting All E
5 [ ieremse 1) 100 13 (211 65.00 [ 1450 1.59 100 2
6 Resictant All
Regular 100 10 2 |1 50.00 | 450 3
T Scoutine All
Resistant 100 6 2 1 30.00 k50 1.59 100 3
Dievause (1)
3 | Begular
Diapause 100 15 2 {12 75.00 | 450 100 2
 am U S p—— S— o T —
Diapause 1 1/h k.00
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Table 10. Cotton Pest Coptrol in Georgia,

Acreage grown

. Source
Below the Fall Line Region. . .
(Continued) Average yield Period
Line | Cultural Pests »-——-—Ex‘f"te:f Prz‘fe“‘(” pe;u - Trontments : — Scouting{% Actes |Commen
o Proctice Needing " &I‘ré?ﬁil' ror— teldes Used  fwnserimie Application| Total cld/a, Cost/a in | Codeb
Chemical |Deing. Treate Cost/p | Costyp |Cost [With  |Without Diapause
Treatment | Treated mente  1bo/A/Trcotment (4) 4) (#) $) Conirol
09 9] - ’ freatmendTreatment
CH | OP c
g {Short Season
Variety :
Scouting 100 11 2 |1 55.00 | 450 1.59 3
Resistant
% Scouting 100 9 2 11 45.00 k50 1.59 3
20 2t Soason
ea:.;t:nt 1 3
100 6 2 11 30.00 | kLs0 .59
Vaxrdi ety
outing
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Acreage grown ..520.000 . _ | Source.Px. L. D. Newsom .and Dr. Dapn Clower

Table 11, Cotton Pest Control in Louisiana,
Average yield —350 1bs/A Perdod ~1972-T4 .
- . \ Troatment
. cides .
o Practice Needing Currently| | 7ot S Materisls | Application] Total icd/a Cost /a| in Code
Chemicnl |Being. Treat- Cost /A Cost /A | Cost/A{With Without Diepause
Treatment|Treated |imente 1bo/A/Treatmenl ($) ($) ($) ($) Control
% (%) () tecatmeny'frecatment)
- : cnt | op C
N Regular 25| Buaworm
Diapause 1) Bollweevil 100 100 10.50 2 1 31.50 10.50 52.00 550 320 66 1
Bollworm (9-12) (275-363)
Plant DUSSewfic.
2 Scouting 15]A11
Diapause (1) 100 100, 8 2 1 24,00 8.00 32.00 550 2.00 66 1
(7-9)
3 Resistant All
Diapsuse (1) 100 0 0 550 100 3
Regular
L Resistant A1l
Scouting 100 0 -0 550 2.00 100 3
Diapause (1)
5 | Trar crop (2) All
Scouting 100 0 0 550 2.00 100 3
Diapause (1)
6 Trap crop (2) All
Scouting 100 0 (¢} 550 2.00 100 3
Resistant
Diapause (1)
chort season All
T [weststant 100 2 2|2 6.00. 2.00 8.00 [ 550 2.00 3
Beouting
e e e e e——
Dlapause 3 1/h 8.ho - -
Trap crop (3)
1 1 .5 4o i -
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Table I1. Continued. Acrenge gromo . .. Source
Average yield Period
Line § Cultural Peste laxtent. of Problem(¥)| . Trcaimenbs scouting|s
\ Actes |Commen-
No. Pr Acreage \ Peaticideés Used - .
netice Needing |cuffiftes||ror——— ———————nterials Application| Total Leld/a Cost/p in | Codet
Chemical |Deing. Trent- Costfp | Cost;y [Cost (With  |Without Diepause
Treatment|Treated Iments !1ba/A/treatment (4) ($) @ (8) | contro1
1 ! I'rcatmentTrcatment
4.3 %) ce lor | ¢
8 .
Scouting 100 24 |2 {a. 9.00 3.00 12.00 | 550 2.00 100 2
Trap Crop
9 [Bcouting 100 4 2 |1 12.00 1,00 16.00 | 550 2.00 2
o g
Scouting 100 2 2 1 6.00 2.00 8.00 550 2.00 3
. ] Registant
n 1 Scouting 100 2 2 |1 6.00 2,00 8.00 550 2,00 3
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Acrenge prown . 1.9200.0C2. | Gource ..Rr.Farden Maxwell end Dr. _lAuhrey Harris

Trgps

Table 12, Cotton Pest Control in Mississippi,
Delta Region, Average yicld .. 650 1bs/A Perdod —1972-Th.
2 A Tr ; - F |
Line Cultural Pesto I.x;ent of Problen(%) Pestioiies U rentnento - Fixed Spray Schedule Scoutingl? Acres |Commen:
= e, *
No. Practice Néot %23" é‘\fﬁ'&fﬁy 7 oxs cides Used Materials { Application| Total ticla/a Cost/a | . in Code
Chemical |Being. Treat- Cost /a Cost /A | Cost/p [With Without Diapause
Treatment {Trcated ||ments 1bo/A/Treatmerd ($) ($) ($) ($) Control
4 (%) (%) treatment'Treatment)
. CH | OP [
1 |_Regulax 33 ] Boll w
Bollvorm 100 100 10 2 1 45.00 650 koo 1
Budvorn
Plant I
a Scouted 67 | ALl
100 100 [ 2 1 27.00 | © 650 1.75 1
3 Resistant Boll weevil
(Frego.) 0 0 500 2
Y Resistant Boll weevil
(Nectarless) 0 0 550 2
5 ccouted ALl
Bhort season 100° N 2 1 18.00 575 1.75 3
6 Scouted Al
Diapause (1) 100 b 2 1 18.50 650 1.75 100 2
7 Scauted ALl
Rosictnnt 100 312 (12 13.50 | 650 1.75 2
IFrngn)
8 SEouted ALl
Resistant 100 L 2 1 18.00 650 1.75 2
{Nectarless)
9 Scouted ALl
Pheromone 100 b 2 1 18.00 650 1.75 2
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Table 12 continued, Acreage grown Gource
Average yicld Period
Line | Cultura) Pestp {izbent of Problom(Z) - Lrcntmonts - Seouting|% pcres |Commen
No. Practice Nc‘c\: :;ge c uﬁ'%rcenaﬁey " ofestlcides Used baterials | Applicotion| Total Yicld/p Cogt in Codelt
Chemical [Deing, Treat- : Cont /A | Coot/A |Cost/A|With Without Diapaqu
Treatment |Treated jiments Lbs/A/Troatmenl ($) ($) ($) ($) Contro
[reatmeniifreatment
(%) () o Lor |c
10 Bhort season Bollworm
Resistant Budworm { 0 0 k50 3
Frego) Boll weevil
n Short season Bollworm -
Resistant Budvorm 0 0 550 3
{Nectarless) Boll weevil
12 Short season ‘All
egular 100 s |22 21.90 | 575 3
13 Short season Bollworm
~Pheromone Budworm 100 1 .1 .0.60 550 3
iraps29/ Boll weevil
14 | Scouted All y
Short seascn 100 " 3 1.3 1 12.40 575 1.75 3
Resistant
rego) .
15 Scouted ALL .
ot Qo onn 100 2 2 |1.25 10.65 | ST5 1.75 3
Recistant
l-xmit-‘n%*mu) -IT
coute "
16 |Short seasen 100 3 |27 : .o | 575 1.75 3
Pheromone .
Trapscd/
17 Regular ALl
apause (1) i
WesTSEart 100 5 2 1.5 29.40 650 100 2
TTGgo)
18 Regilar All
Diap fa) 100 5 2 1.5 271.55 | 650 100 2
| Besistant 3
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Table 12 Continued,

Acreage grown

Averago yield

Gource

Period

-

Cultural
Practice

Pests

txtent of Problem(%)

Trontmento

nést fﬁge
Chemical
Treatment

(%)

Acrzage
Curren%ly

Being.
Treatod

(%)

Pesticides Used
¥or

Treat-
ments  1bs/A/Treatment

Materiols
Cont/p

(%)

cu_| oe c

Application
Coat/a

$)

Total
Coat/A

%

Yield/a

With

Without

treatmentTreatment

Scouting
Cost/A

$)

% Acres

in
Diapause
Control

Commen
Codel

19

ALL

| Pheromones
Disvause (1)

Resistant

100

Frezo)

7.50

550

100

Fheromones

All

Diapause (1)

100

Resistant

(Nectarless)

10. 50

600

100

Scouted

A1l

Pheromores

100

Diapause (1)

Resistant (fr

€go

1.25

15.20

650

1.7¢%

100

22

Scouted

ALl

Pheroniones

100

[Diapause (17

Reslstant | Ne

ctayless])

1.25

13.45

650

L.75

100

23

Regular

ALL

Diapause (1)

100

theromones

(Resistant (Fre

o

25.65

650

100

2L

| Reguler

Disrause (1)

| Pheromones

25

ular

25.65

650

100

 Diapause (1)

| Diapanse

|

H
-
|

10

38.30

650

100

N

6.60

500

Pheromone

5.00
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Acrenge grovn 300,000 .., Courcelr. Fowden Maxwell and Do.-Aubrey-Harris

Tuble ‘13, Cotton Pest Control in Mississippi,
HiL1 Reglon, Averoge yleld ..UI3 1bs/A Periodl912=Th
St o I'roblem(¥ Treatmentns 8 t4 )
Line| Culiural Pests [|-xtont.of coutingl? Acres |Comnen
e A e | Acre Pesticides Used ; Yield/A
No. Practice “egé':age cuf-igﬁﬁy 77_6Te aterials | Application| Total < Cost /a Di:n use Codeh
Chemical |Deing. Treat- Cont /A Cost /A | Coot/A With Without cqnlz-:-ol
Treatment|Trcated [{ments 1bo/A/Treatmeni )
1 . ) (%) UreatmeniTrcatment
(%) () on Jor 1 o
1 | ReBular ki1 Weev —
Sorlvorn 100 100 021 33.75] s | 200 1
.1 Budworm h50-500)
Plant b\_l&s
Scouted 20 | A1)
2 100 100 P' T 2 1 26.25 h75 1.75 1
(450-500)
BRort Beason. Bollworm
3 “Budworm 0 o} 363 3
350-375)
4 Resistant Boll weevil
" ] 0 363 3
350-375)
ucouting ALL
5 SRort season 100° 3.5} 2 1 13.50 kso 1.75 3
¢ | Scouting ALl
Resistant 100 3.5] 2 1 13.50 450 1.75 3
7 |Scouting 213
Digpause (1) 100 i 2 1.3 32.85 k75 ) 1.75 100 2
450-500
8 | Scouting All
Trap Crop (2) 100 '{ 2 1 30.00 h;:)z;oo) 1.75 2
9 Short Season Bollworm
Resistant Budvorm 0 0 385 3
Boll weevil
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Table 13 .Continued Acrenge BI‘O.V!’I Source
Average yicld Period
oy b - P y ) Lrentmentn
i Cultuenl rtont ot Problem( Scouting |y >
Nor.le Practice’ Feste Acreage | Acreagt Pesticides Used Yiceld/A ggﬂt /‘:“\C ’ Ai:eﬁ Comm;‘"
Needing |Currently Materialn | Application| Total Cod
Chemical |Being. Treat- Cont /A Cost/A | Coat/A |[Mith Without Diapause
Treatment | Treatod ments .1bo/A/Treatment 4 ($) ($) ($) Control
! lrcatment{Tr catment
(%) () Cin_jor C
10 | _Short season All
Regular 100 S 2 1.3 18.75 425 3
11 | Seouting RLL
= | Short season 100 2 2 1.3 T7.50 425 1.75 3
RESTStant
12 | ocoutinm ALl
BHArt Deasnn 100 b 2 1 16.00 425 1.75 3
Trap Crop (2]
13 Resistant ALl
Diapause (1) 100 7 1.5 1 25.35 | W75 100 3
Régular
ih _Rt.?slstar_.t ALl )
[ Diapause (1) 100 11 2 1 22.05 | u7s 100 3
Reguler T
Trap croo (2)
15 beouting All
ResIstant 00 vof2|s 15.00 | 475 1.75 | 100 3
Diapeuse (1)
Trap crop (2,
[ Diazanee 3 /b 9.90 | 215
Trap crop (2)
2 1 3.15
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250,000

Dr. Flernoy Jones

Table 1b, Cotton Pest Control in Missouri, Acrenge grown. y Gource
) 1972-7h
Average yicld 500 1bs/A Period dlnled
ILine| Cultuenl Peats I-!x:('y|h o' Probl f‘m(ﬂ) . Iventmentn Scouting|t Acres |Commen
No. Practlce - I ndsysage c“{-\fé‘ﬂ%ﬁ ¥ gfsticides Used “aterdols | Application| Total Yield/a Costya in Code b
Chemical |Deing. Treat- Cost /A | Cost/a {Coat/a|With Without Dciaptﬂsle
Treatment {Treated [{mento Lbo/A/Treatment ($) ) ($) (¢) ontro
’ (%) (%) : treatment)reatment
. CH_{ OP C
1} _Remular 93} Bollworm ]
. _Thrips
i 50 50 0.61" .6 0.90 1.50 2,40 500 487 1
— Boll _w,
P ocouting ]
50 50 0.61 .6 0.90 2.ko 500 1.75 1
1.50
3 ~3hort season
50 0.61 .6 .
0.90 1.50 2.0 500 3
{ Dispause 3
b Mecouting - 50 0.61 .6 0.90 1.50 2.%0 500 1.75 2
Trap_ Crop
5 ' Scouting 50 0.61 .6 0.90 1.50 2.h0 500 1.75 2
6 {-Short Season |
Yariety 3
Scouting 50 0.61 .6 0.90 1.50 2.40 500 1.75
t
7 Scouting 50 0.61 .6 0.90 ©1.50 2.h0 500 1.75 3
8 |_Short Season
[-Leslstant 50 0.61 .6 0.90 1.50 2.50 | 500 1.75 3
Yariety
Scouting
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Table 15, Cotton Pest Cohtrol in New Mexico,

Acreage grown

28,000

Source Rra.JL. Ellington

Averoge yicld 120 1b#/A Period 1972-Th
i ixtent ot Problem(%) . Tronbtmento
go?e Cprui:.::nl Pests Arieane] Aerers esticides Used : Yicld /A Sgou:i/r}‘s * heres Commerl:"
ce Need TRES ST FaRELy -ll—ns————-——g——wuter:luls Application| Total - 08 in Code
Chemical |Being. Treat- ) Cost /A Coat/y | Costya |With Without Diapause
Treatment |Trcated f[Iments 1bo/A/U'reatment ($) ($) ($) $) Control
% (%) %) - F—- frentment{lreatment;
cuH jor- b€
1 | ReBgular B85 | PInk Bollwogm e
~Bollworm .
complex 2 2 2 o . 1 . 0 8.00 750 750 0 1
PI&Nt Bugs § » .
2. Beouting 20 |_All g
. 0 0 ol2] of o o 0 750 1.75 1
3 hort season All X
couting o 0 o2y o] o f o o 750 1.75 3
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165,000

Dr. Robert Robertson

Table §6, Cotton Pest Control in North Caroliffronge grown Bource
. o . -
Eastern Region, Average yicld 400 Lbs/a Period 19721
. \} e .
Line Cul tural Pests Jixtent of Problem(s} = - Lrentmenta : - Ty Scouting|s Acres |Commen:
Nov Practice CEESRE | ARTERRLy|[porosticldes Ueed Ly ortnle Application| Total < Gost /a i ain Code b
Chemical |Deing. Treate Cont Cost/A | Coat/a [With Without c‘ I:’“ie
Treatment |Treated |[ments 1bo/A/froctment (4) ($) ($) ($) ontro
4 (%) (%) LecatmenlTecatmen
ci_jor C .

1 Regular 50 | Boll weevil

Diapause (1) “HoITworm 100 96 13.5| 2 1 43.88 16.88 60.76 Loo 100 5 1

CompIex (13-1k)
Two Spotted-y
Aphids, etc,

2 Scouting SU TALL

Diapause (1) 100 96 10 2 1 32.50 12.50 45.00 koo 2.00 S bR

" | Scouting A1) .

3 Migoense (1) 100 hste |2 14.63 5.63 20.26 | oo 2.00 100 2
N Resistant Al

Scouting 100 hst 2 i 1h4.63 5.63 20.26 4oo 2.00 3
5 Short season All

Scouting 100 L 2 1 13.00 5.00 18.00 %00 2.00 100 3

Diapause (1)
] 6 Short Season All

Resistant 100 2 |2 |1 6.50 2.50 9.00 | oo 2.00 | 100 3

Scouting (0-k)

Diersuse (1)

e
Dianasuse 1 1/b 1.40 0 1.k0 - -
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Table 16. Continued. Acrenge grovn Source
Average yield Period
Line Cultural Peste Exlt\ent of Problem(% - - Trentmensa Bcouting|f Actes |Commen
No. Prnctice Neé:&'g:ge CuN@ﬁEﬂ" ;Psfticideu Used linter lals | Application| Total Yield/a Cost/p in Coded
Chemic Deing. Treat- Cost/p Cost/y |Cost [With Without Diapause
Treatment | Treated mente  1bo/A/'reotment ($) 4) ($) $) Conirol
) ' treatmentiTreatment
; (%) e |op | ¢
7 |Short Seeson
Yariety
Scouting 100 4-6 2 1 16.25 6.25 22.50 { . koo 2.00 3
8 Short Season
* | Resistant
Veriety 100 2-4 2 1 9.75 3.75 13.50 Loo 2.00 3
Scouting
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: ~Dr. Bobert Rohentsan oo e
Table 17, Cotton Pest Control in North Curolinn,Acrmse grown o lluQ00 e os ., Source

Western 'Reg'ion.

Averago yield ..400 1bs/A

Period ~1972-Th .

hixtent of Probloem{d

Trenimento

E&ne Cultural Peats v - - Y SCO‘-‘“/YLG % Acres Commcx;"
0. Practice NeediRE® |AFTeriiy||r-opsticldes Used  hyiperinga | Application| Total Srslh: Cost i Code
Chemical (Being.. {{Trent- Cost /A Cost/A [ Coat/A [With Without Apause
Treatment{Treated I|ments .1bo/A/treatment () $) ($) . J ($) Control
% (%) (%) lecatmenfreatmen
. Ci { OP C
1 egular »U weev
BoIIworm . § i
— romprex—} 100 9% 9 2 |1 fto | 28.25 1.25 39,50 | koo 100 0 1
Tua _spoth .
Aphids, etc,
2 Scouting 50 J A1l
100 6 7 2 1 0 22.75 8.75 31.50 koo 2.00 0 1
3 Resistant All )
“Regular 100 hLs |2 1 o 14.63 5.63 20.26 | hoo 3
(b-5)
% Short Season . ALl
Scouting 100° 4 2 11 j0 13.00 5.00 18.00 | koo . 2.00 3
5 Short season A1
Resistant 100 2 2 1 0 6.50 2.50 9.00 400 2.00 3
Scouting (0-4)
6 -h“stlf“‘t 100 b-s {2 12 fo | w63 5.63 20.26 | hoo 2.00 3
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Table 38, Cotton Pest Control in Oklahoma,

Dryland-Southwest Region,

Average yicld 210 1hs/h

Acrenge grown.. 3G1,000. . . Source.lr. Dan C_Doters .De.Jersy-—douwngy Dr. Ken Pinkston,
Dr. Chin-Choy and Dr., Vernon Eidman.
Period 1972-Th

. . . l". Yyv }
Line | Cultural Pests jixtent of Problem(7) - licatnonbo ——yy Scouting|¥ Acres|common:
No. Practice N@g&'g%ge cAfFERETy|| popticides Used Materiels | Application| Total = CosVA in 1 Codel
Chemical |Detng.  ||Treat- Cost/A | Coot/A [Coat/a [With  |Without prey
Treatment |Trentod ||mento 1bo/A/%reatment () ($) ($) b
# (%) lreatmenTreatment)
Cli_|op Cc i
1 He| ar rhellothis
CoRpIexX <50 <50 <1 1.511.5 3.15 2ho 210 1
BOII™WEEVIT § ‘
Flea Hopper
Thrips
IMites
Plant bugs
2 Seanting =3 As ahave |
<50 <50 1/2 1.5] 1.5 1.60 2ho 1.00 1




Table 19, Cotton Pest Control in Oklahoma, Acrenge grown 64,000 . . Bource..Dt..Ron C. Peters, Dr. Jerry Young, Dr. Ken Pinkston,

¢0l

Irrigated Southwest Region, Dr. Chin-Choy and Dr. Verncn Eidman
Averagoe yicld 300 1bs/h Perioa 2972=Th.
Extont ot Probloem{% Irentmento ,_ B
Line Cultural Pesto -A T ietacs Ueca . —— Seouting |y Acres |Comuon’
g g esticides Use n 3
No. Practice Needje 28 | cudsRsa | lrer— Materinle | Application| Total S, Cost/A in | Codeh
Chemical |Deing. Treat- Cost/A | Cont/a |Cost/a [With Without ey
Treatment {Treatod |{ments 1bo/A/Trcatment 4) 4) () )
% l'rcatmenyTreatment
1 (%) (2) cn_jor | ¢
1 | _Negular 'S4 I eliothis
COMOIEX
BoIl weevil§ 190 100 7 1-# 50 22.09 4 500 315 1
rlea hopper
Thrips
Mites
Plent bugs
2 Seonting £ 1 As _abave.
100 100 6 1.5 1.5 18.90 500 2,00 1
3 | Trap crap 1h As_sbove '
|_Scquting 015 0l15| 500 2.00 2
_Trav crop — —— e S e e
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Southeast Region,

Table 20, Cotton Pest Control in Oklahoma,

Average yinld

Dr. Chin~Choy and Dr. Vernon Eidman
Period _1972-Th.

Line

'l'.xtont of Problem(%’|

Acreage grown 15,000 . ... Bource..lr. Dan Peters, Dr. Jerey Young, Dr. Ken Pinkston,
300 1bs/A

T entmenta
Cultural Pests o ~ - Scouting|s Corung
Acreage] Acreage Pesticides Uaed R Acres Qf
Yo. Practice Ncedmsg Currentiy| 7ot Moterials | Application| Total Yeld/s Cost/A in 00401
Chemical |Deing. Treat- Cost /Ao | Cost/a |Cost/a|With IWithout Diapause
{ Trectment | Treatod ments  1bo/A/'Treatment (4) 4) ($) () Comtrol
% (%) (%) ' treatmentyTrcatment
ciH | opP c
1 "Heguliar G i Weliothis
COSpIlex 8o 6 1.9 1.5 18.90 300 225 1
Boll weevil
¥lea hopper
Thrips
Mites
Plant bugs
2 Scouting 6 | As above 80 S 1.57] 1.5 16.75 300 2.00 1
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y Dnarxs
21, Cotton. Pest Control in South Cm‘ol:l.na,l\"r cage grown 305,000 ..o Gource Mew L. M. Spark

Table
Coastal Plains Region, .
& Average yield 470 1bs/A Period 1972-74
L lixtent of Problen(¥) Ir2atmento Scouting|z Acres :
ne Culturnl Peots ~RETEIS Yield /A cou /r;\s ” 1 COmmer,:
s n
Fo. Prnctlee Needing ¥ TeHeTy | of sticides Used Materifls { Applicotion| Total < Coot Dia Code
Chemical |Deing. Treat- Coat /a Coot/p | Comt/p [With Without Cormrol
Treatment|Treatod |{mento 1bn/A/0rcotmen’ (4) (4) ($) (%)
z (£ T3 ! I'reatmen{'frcatment
- cin | op C
1 f-Beswlar 3b _|Bollworm Comdlex
Boll weevil
Mites 100 100 AT 2 1 42.50 21.25 63.75 470 50 1
B
2 |Scouted 66 1ALl
100 100 1k 2 1 35.00 17.50 52.50 470 1.50 1
3 Scouted All
Diapause (1)
100 12 2 1 30.00 19.00 49.00 470 1.50 100 2
L Short season All
Scouted
100 9 2 1 22.#0 12.50 35.00 470 1.50 3
5 Trap crovo (7] ALl
Scouted
100 I 12 j2 {1 30.00 19.00 49.00 | W70 1.50 2
€\ Trap crop 12) I
Scouted
Short season 100 9 2 1 22.50 12.50 35.00 k70 1.50 100 3
Diaveuse (1)
7 Resistant ALL
| Scouted
100 12 2 |1 30.00 19.00 L9.00 470 1.50 3
O SN FN SIS, m——m— DI Iy— IS —"
Diapause
2 5 3.00 2.50 5.50 -
[Trap crop (3)
2 .10 1.25 -
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Table 21. Continued. Acrenge grown Source
Average yield Period
Fxtent of Problem{% Trcntment; s
Line Cultural Pesgts _Kc—reage a oot Scouting | Actes |Commen:
cren, i e
Fo. Prnctice Nooasage |oicrengs || 4 peeticides Used tinteriols | Applicntion| Total Yield/a Cost/p in | Coded
Chemical |Deing. Treate Coss/p Coot /4 Cost [With Without Diapause
Treatment|Treated |[|ments 1bo/A/Trentment ($) ($) (4) ($) Conixol
2 treatmenTreatment
(41 (%) ch lor | ¢
3 Short Season
Resistant .
Varicty 100 9 2 1 22.50 12.50 35.00 470 1.50 3
Scouting
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‘in South Carolinsfcreoge grown 13,000 i w Bource M L. M. Sparks

Table 22, Cotton Pest Control
Piedmont Region, .
Average yleld LI0 lhs/A Period 1912-=Th
'xtent of Problem(%) Irentmenta i' .
Line Cultural Pests B S i Scouting|z , . .es Conme:ﬁ
o] ,
No. Practice Nced ing C\lx‘ng:gﬂﬁy fopesticides Use Mnterials { Application| Total LA, Coct/A Jdn Code
Chemical |Being. Treat- Cost /A Coot /A | Cost/a {With Without Dc: p;-\:ie
Treatment |'freated ments  1bo/A/'frcotment ($) ($) (%) (%) n
4 (51 T3] lreatmenUfreatment|
: : ci | op c
1 | _Regular 75 JRallwnrem 'mnﬁ lex
[ a1l weevil
Mites 100 100 15 2 1 3%.50 18.75 56.25 470 15 1
Reet Armyuony
o }Scouted 25 (ALY
100 100 13 2 1 32.50 16.25 48.75 k70 1.50 1
3 Scouted All
Diapauge (1)
100 11 2 1 27.50 13.50 41.00 470 1.50 100 2
Y Short season All
Scouted )
100 8 2 1 20.00 12.00 32.00 470 1.50 3
5 Trap crop ALl
Scouted .
100 1z {2 |a 27.50 13.50 41.00 | 470, 1.50 2
S Trap CTroD TIT
Scouted
Shert Season 100 8 2 1 20.00 12.00 32.00 k70 1.50 100 3
Diapause (1) !
Resistant All
T Scouted
100 11 2 1 27.50 13.50 k1.00 470 1.50 3
wnsw— fr——————— v —————— A———
'iapause
2 .5 3.00 2.50 5.50 -
Trap crop (3)
2 1 1.25 -
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Table 22. Continued. Acrenge grovn Source
Average yield Feriod
Line | Cultural Pests l"‘"—""e“t of Provlen(%) : Trentnents Scoutingl® actes |c
3 icide a g:3:] ommen’,
No. Practice Nc'}z%ri?naége C‘\\ﬁxi'ecsi&ely # ul;estlcldes bse !Muteriula Applicotion] Total Lictd/a Cost/a in Codek
Chemical |Being. Treat- | Coet/p Costyp [Cost [With Without Diapause
Treatment | Treat.ed mente  lbn/A/Trentment| (4) ($) 4) %) Conirol
4 0 0 i ' treatmendTreatment!
CH | oP C
8 |Short Season
| Resistant 100 8 2 {2 20.00 12.00 32.00 | k70 1.50 3
Variety .
Seouting
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Table 23, Cotton Pest Control

Acrenge grown 239,000 Source Br: Allen Chambers

in Tennessce.

il . ; -
orthern Region Average yield 600 1bs/A Period 1972 T4
xtent ot Problem(®) Lrentmenta Scouting |z -
Line ;‘;ul ‘:‘;;al Pests —Acreage | Acreage Testicides Used P ] Yiold /A o:‘ost/Ac # ﬁres Cgm"mj‘l
Fo. racuice Needing {Currently{{# of Moterials { Application| Total Dia ode
Chemical |Deing. Treat- Contys Cootyy | Contyy [With Without Conerol
Treatment | Treatod ments (1bn/A/'realment (4) (4) ($) (%)
z % (%) treatmentd'freatment
cn_{ or C
- Regular 98 | Boll weevil
’ Boll worm
complex 25 25 3 2 1 9.00 3.00 12.00 600 500 1
Plant bugs
Thrips
2
Seonted g AR
’ >0 >0 0 600 1
3 Resistant all
_Regular >0 0 600 3
4 Resistant Ail
Scouted >0 : 0 600 1.50 3
5 Short Seascn A1l -
Reguilar 0 0 600 3
6 Phercmone A1)
Traps >0
Scouting 0 600 1.50 3
ALl E 3
T Variety >0 . 0 600 1.50
| Scouting
Short Sesason All
8 Resistant 0 0 600 1 1.50 3
Variety
couting
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Acrenge grown 205,000 . Source ..l 2

ers

Tabvle 24, Cctton Pest Control tn Tennessee,
Southern Region, 600 1bs/A . © o 1.972~Th
Average yield Period d
; ) Trondl
Line Cultural Pesto Px.ﬁ:zg:: Pr?\::z:(%] Pestici . T Scoutingls ) res |Commen
: e astic . mme;
No. Practice Needing |Currentiy|frorceides Used Materiels | Application| Total Ll Cost/A in Code
Chemical |Deing. Treat- Cost /A Cost /A | Cost/A[With Without Diepause
Treatment |Treated |ments Lbo/A/Trentment () ($) ($) . ($) Control
% (%) ) lreatment Treatment)
Ci_| oP C
_Regular 02 | Boll weevil
1
Bollworm
conplex 100 100 12.5 2 1 37.50 12.50 50.00 |- 600 175 1
Plant bugs
j Thrips
2 Scouted o | ALY -
100 100 10 ‘2 1 30,00 10.00 %0.00 600 1.50 1
3 Resistant
Regular
100 b 2 1 12.00 4,00 16.00 600 3
“Resistant
4 Scouting
100 1 2 1 3.00 1.00 4,00 600 1.50 3
Short season .
5 Scouting 100 2.5 2 1 7.50 2.50 10.00 600 1.50 3
é Phercmone
Traps
Scouting 100 4.5 2 1 13.50 4,50 18.00 600 1.50 3
Diapause (1}
T
Scouting
100 8 2 1 2h.00 8.00 32.00 600 .50 100 2
Dlapause 2 1/4 3.00 2.00 5.00 -
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Acrenge Grown mem e

Table 2k, Continued. Eource
Average yield Period
'r erre ) 8
Line | Cultural Peste fortent of P":ble‘“(% T Treriments it 520“21"8 % Actes- Commcﬂ‘
1 © [
No, Practice ﬁgé'ﬁﬁE carrentiy| ot nterials | Application| Total ost/s Dia inse Code
] Chemical |Being Treat- Coet/p Coat/y |Cost |With Without CmI;::ol
Treatment |Treatsd [Iments 1bn/A/Treatment ($) ($) ($) (%)
. Crcatment]Treatment)
8 |-Shoxt Season
| Resistant 100 1 2 |1 3.00 1.00 4,00 600 1.50 3
Yariety
Scouting
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Table

Black Lands Region,

25, Cotton Pest Control in Texas,

Acreage grown 800,900

Cource e, Ray Frishie

Average yleld ..190 1bs/A

Period 1972-Th

Line

Cultural

uxtent of Problem(%)

L1 enimentn

Pesto

Scouting

% Acres
ACTeage Rereaygs Pes R ” Comirer
No. Practice Needing {Currently|{# of tleides Used Materials | Application| Total Licld/a Cost /A in Codnt
Chemical |Deing. Treat- Cont /A Coot/A | Cost/A [Mith Without Diapause
Treatment [Treatod ||ments 1bo/A/Trcatmert ($) (4 ($) Control
1 () (%) $) lreatmenl'freatment
- CH_|opr [
1 Rexular 96 }Roll weeyil
Cottcn Flea .
Hopper 100 100 N 1/311/10 8.00 150 0-60 1
Thrips
2 | Sccuiing 4 )Boll weevil
Cotton Flea |
Hopper. 100 100 2 1/2 1/31/10 5.50 150 0-60 1.50 1
=3
3 Resistant Boll weevil
(2011 weevill Cot%on Fica 100 <1 1/3 [1/1¢ 2.00 150 140 1.50 3
Tleahcopers Hopper for Thrig
Shrrt season Thrips
Scouting
L Sanjtation 10 Eoll weevil
Seouting Cotton Flea e .
P 100 1’1/2 1/3 p/10 3.50 150 63 1.50 2
Thrips - -
Short Season
5 Variety N 50
SCOUti% 100 2 1/3 1/10 .00 150 1.5 3
6 ‘fﬁiﬁi‘f 100 <1 1/3[1/10 2.00 | 150 1.50 3
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Acrenge grown

68,000

Pr. Ray Frisbie

Tatle 26, Cotton Pest Control in Texas, Gowrce
Central Texas River Bottowms Region. .
Averago yield 220 Ibs/A Per fod 1972-Th
ine ; “xtont of Problom($ Treniment o
E;c‘. g“l,l‘::;:i Pests RETSUEE Pesticides Used : ) Yicld Scouling|f Acres |Cormen
Needing |COFFERELy|[#oro—-e2 08 Lioteriale | Application] Total 1A, Cost 7 in Codel
Chemical |Deing. Treat- Coot/A | Coot/A | Cost/A [With Without Diepause
. Treatment|Treated |Imento b/ 'Creatment (1) ($) (4) ($) Control
- % (%) ' I'reatmenl'freatment
cn _jorp C
1 Degular Ti ) Boll weevil
: Bollworm '§ 100 100 3-7 1 1 18.75 500 <200 1
Budworm
e~ }-Scouking 23 I Boll weevil |
) Bollworm 20 20 2 1 1 T.50 500 < 200 1.5%0 1
Budworm
3 Resistant Boll weevil =
(Boll weevil) Bollworn 100 1 1112 3.75 500 250 1.50 3
Scouting Buiworm
Y Short season Boll weevil
Regnlar Bollvorm 50-100 -3 {1 |1 9.38 | S00 ) 3
| =aes
5 jiért season Boll weevil
| Scouting Follworm 50-100 1 1]1 3.75| 500 koo 1.50 3
) Budworm
6 Crop Culture 4f Toll weevil
Seouting Bollworm 100 1-2 1 1 13.13 500 350 .50 2
Budworm
7 |-Shoxt Season
|_Resistant < A
Variety 100 2 = 1 T.00. 500 1.50 3
Scouting
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Table 27. Cotton Pest Control in Texas,
High Plains Region.

Source Dr. Ray Frishie

Acreage grown 2,h76,000

Averngo yicld 210 1bs/A

Period 1972-Th .

xtent of Problem(?)

I'r ~nimento

Line Cul tural Testo Scouting|y Acres |oome.p,
Ro. Practlee Nc&ffﬁggc é&fxggﬁgly # Ef“iddes Vscd Materials | Applicution Toth ALALIAS Coct/A in Code ¥
Chemical {Being. Trent- Coat /A Coot/A | Cont/a [With |Hithout Diapause
Treatment { Treatod mento [1bo/A/4Yreatmen ($) ($) 4) %) Control
% l‘rcntmenl.] Treatment
(%) (%) cu Jor | ¢
1 Regular 00 | Tarips
Totton Fied /
- R 1/10¢ 1.50 -
hoppers 3 6 12 270 P30-260 1
Poll weevs 1/k 2.00 -

Cotton Bolld

- wormi®

O D
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Tahle 28, Cotton Pest Contrel in Texas,
ILover Gulf Coast Region,

Acrenge grown 12).,000

Source Dr. Ray Fricbie

Average yicld 400 1ba/A Period 1g72-Th
ixtent of Problem(%) Trentmento
:ine g::::::i Pests | crenge PSR Pesticides Used ] - Yield/A Scoutdng|g, ... "|Commen
Need ing {Currently|{# of Moteriale | Application] Total - Cost /A in Code b
Chemicel |Deing. Treot- Cost /A | OCoot/a |Cost/a [With  |Without Diapause
Treatment|{Treated [imente 1bo/A/Troalment () (4) ($) (%) Control
? (%) (%) ' Ureatmenl Treatment
ci_| op C
1 Reguler 92 [Boll weevil
C:’;:g:r““ 100 100 4 1/3 f1/10 8.00 | oo 200 1
> Scouting T 0oIT weavil
C°;§;:e:_ 8§ 100 100 || 2 1/3 /10 b.00 | hoo 200 1.50 1
3 Resistant Boll weevil
{boll weevil Cotton riea <10 ¢ / . 4
& flea hopoer Hopper 1 1/3 /¢ 2.00 00 315 1.50 3
Short Season
Scouting
Sanltation 10
b [Scouting 100 11/2 1/3 [v/20 3.50 ) 300 1.50 2
-2
5 Shoxrt Season
Variety
Scouting 100 1 1/3 /10 2.00 Loo 1.50 3
6 Resistant o
Scouting 100 1 1/3 1/10 2.00 400 1.50 3
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Table 29, Cotton Pest Control ir Texas,
Lower Rio Grande Valley Region.

Acrenge grown 205,000

fource o X Boy _Frighie

Average yield h25 1bs/A Period ~L3(2=Th.
- " ) N B . T T—
Line Cultural Pests !_Lthem.: of Ponbl-m(i, P Trentmonto 7y Scouting| Acres |Commen:
crea,
Ho, Practice MSEIAEe |currently||porotieldes Used  hoyerda1a | Application| Total Ligd Cost /A in 1 Codel
Chemical |Being. Treat- Cont /A Cost/a | Costya [With Without gi‘Pauie
Treatment|Treated }Iments 1bo/A/Treatment 4) ($) ($) $) ontro.
% 101 y lrcatmenTreatment;
(%) cn for | ¢
1 __Regular [[2_1 Cotton Flen
Senitatignt? Hopner 100 100 12 {2 1 4s.00f k25 <100 70 1
Boll weevil .
BollWorD e
Budworm
2 Scouting 25| ' above
Sanitation’” 100 100 9 |1 1 33.75¢1 b25 <100 2.50 70 1’
3 Scouting As above
Sanitationl? .
100 6 1 1 22.50 425 200 2.50 100 2
4 nesisiant AS above
(Boll weevil .
£ Cotion TTen 100 ‘ 51 | 18.75] 125 300 3
hopper) d
5 Short senson As _ahave
Seonting 100 h-s |1 1 16.87 Los 200 2.50 3
6 L Shaort seagson As nbove
Scouting
Sanitationt? 100 X 1 1 15.00 | k25 200 2.50 100 3
Resistant As shove
T scouting 100 b5 f1 |1 16.87 | 25 2.50 3
Short Season As Above
8 . 100 ¥ |2 1 15.00 | bLes ; 2.50 3
Yariety
rScouting
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Table 30, Cotton Pest Control in Texas,

Rolling Plains Region,

Acrenge grown J1a276.000.. . Bowrce oJi..Bay Frisbie

Avernge yield 196 lbs/A

Period 1972-Th .

Line

lef.ent of Problen(%)

Treatmenta

% Acres

5o Cultural Pests e " . - Tieid Scouting Cormen
) Practice need ShE° {chfFeRETy|| pSgoticides Used'  lyyperfnin | Application] Total S Cost/A in Code
Chemical |Deing. Treat- Cost /o | Cost/a |Cost/alWith Without Diapause
Treatment |Treated ||mento 1bo/A/Treatment 4) ($) #) $)
% (%) (%) trcatmenTreatment
cit_{ op c
N Regular 38§ Boll weevi
Diapause (1) Low incidenck 100 100 1-2 1/h- 3.38 216 180 25 1
of other 1/2
pests
a ocouting 2 Boli weevll 1.25 =
Diapaase (1) Low incidenck  3gp 100 3-k 1/h- 7.88 234 180 Dryland 25 1
of other | 1/2 L,00 =
pests Ixriget
3 No trsatrent |£0
Diavause (1) 30 0 0 0 180 180 25 1
N Resistant Boll weevil
Short scason Bollvorm 25 >0 0 196 180 100 3
larause :
JleLaise 30. Ty /1 ] 1.50 - -
1/2 2.00
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Table 30. Continued. Acrenge grown Source
Averaga yield Period
Line| Cultural Pest ?‘X‘:e""' - P":“’l;"“(; Pesticides Used LRt ' Seouting|z actes {Commen!
C. e cret.ge 3] d
Fo. Practice Need ing Curten%ly 7ol IVaterinls | Application| Total Licld /o Cost/s in Coded
Chemical |Being. Treat- Costfp Costsy |Cost [With Without Diapause
Treatment |Treated |Iments ' Lbo/A/Treotment $) ($) ($) (3) Ccalrol
% (%) (%) P o p ! v treatmen Treatment)
iapause 1.25/Dry
5 —g—cﬁﬁ 2 yg- 4,50 200 180 i‘a’&%/ 2
Irrigated
Short Season +-22/Dry
6 [Variety Land
Siouting 2 1/4- b.50 200 180 4.00/ 3
1/2 Irrigated
~» | Resistant 1.25/Dry
" |scouting 1 1510- L.50 200 180 Land 3
1/2 4,00/
Irxrigat
8 Short Season 1.25/Dry
Resistant 1 1/h- 2.00 200 180 Land
Variety 1/2 4.00/ 3
Scouting Irrigated
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Table 31. Cotton Pest Control in Texas,

Trans~Pecos Region,

Acreage grown 200,000

Gource DL By Frisbic

550 lba/A

Average yield

Perioa 22T

!};me Cul tural “Pests IF.x;.ent of Problem(%) Treatmenta Scoutingls Acres |commen
[ creage A P
Practice Needfng® [curFenidy| |+ pticldes Yued Materinle { Application| Total Lioid/a Cost/A | 1n Code X
Chemical |Deing. Treat- Cont /A Coot /A | Coat/A With Without r?gz? Yol .
Treatment)Treatod |[ments 1bo/A/Troatment ($) ($) : ($)
% rcatmenyTreatmont|
(%) (%) cH | op C
1 Regulsr 92.F_BoXlwoima
1 Budworm 100 100 10-121 1 1 h1.25 550 300 1
» | Scouting T.p Bollworm
= Budworn 100 100 5 1 1 18.75 550 300 1.50 1
3 Reguler Bollworm {
. = \
Short season Budworm 100 1 1 1 i 26.25 550 400 3
[]
{
L Regular ~ Bollworm
Crop culture JJf Budworm 100 T 1 1 26.25 550 350 2
5 Scouting Bollwerm
Short season Pudvorn 100 3 1] 11.25 | 550 400 1.50 3
6 Scouting Bollworm
Crop culture 1 Budworm 200 3 112 11.25 | 550 koo 1.50 _ 2
T Scouting Bollworm ) :
Short season Budworm 100 2 1 1 7.50 550 400 1.50 3
Crop culture 4!
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Table 32, Cotton Fest Control in Texas,
. Upper Gulf Coast Region.

131,000

Acrenge grown

Bource ..Dr. Rny Frisbie

Average yicld 100 1bs/A Period ~1912=T4 .
;ine Cultural Pests |istent of Problen(Z Trentmenia Scouting |7 Acres |commen:
0. . crea 3 , T
Practlce l(t‘:‘cﬁmﬁe C\ﬂ‘?cer{’gfy r#—wépe ticides Used iinterialo | Application] Total Hold i Cost/A in Cotn X
Chemical |Deing. Treat- Cont /A Coot /A | Coot /a{With Without Diapause
Treatment | Treated mento  1bn/A/"'reatment ($) 4) ($) ($) Control
* (%) (1) - " treacment]freatment)
: ci_| opP C
1 Regular 81 Bol]l weevil
Cotton Flea 100 100 " 1/3}1/10 8.00 400 200 1
hopper.
& | Scouting 92 | Boll weevil
Cotton Flea 100 100 2 1/3}1/10 k.00 400 200 1.50 1
horper
3 Resistant Boll weevil
{3011 weevil Cotton Flea <10 <1 1/3{1/10 2.00 400 375 1.50 3
& Flea - Hopper hopper
Short season
Scouting
canitaticnll Bo11 weevi]
b [Bcouting Cotton Flea | 100 11/2 1/3{1/10 3.50 | koo 300 1.50 | 100 2
hopper -2,
Short Sesscn -
3 Yariety
Scouting 1 1/3]1/10 2.00 ko0 1.50 3
Resistant
6 Scouting 1 1/3] 1/10] 2.00 400 1.50 3
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‘mble 33, Corn Pest Control in Florida. Acrenge growvn 500,000 Source .Dr. Johp Strayer

Avernge yleld .43 bu/A Period J972-7h
Line Culturnl Pests Fxtent of Problem(% : Treutments T Scouting | comme
No. Practice feredus |ASrRagsyy foRgticides Used .\ 1016 | Apprication| Totar 22d Cost/A | Code
Chemical {Being. Treat~ Cost/A Cost/A cogt/A With 'w1thout
i Treatment |Treated {ments 1bs/A/Treniment (4) ($) 4) %)
p (%) () per reatmen|Treatment
. , jseason | CIl_| OP C
1 Regular 100f Lesser Corn
(soil insects) Stalk Borer ! 5= . 20
Sugar Cane 50 25 1 2 2 13.50 43 25 1
Borer, Whitd]
Fringe Beetlp
Wireworms
7Rgg'ular 10C| Army Worms .
above ground Corn Ear 4 .00 y 1
insects) VWorm, Leaf 7.5 5 1 Y 12 3 35

Miner, Mites
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Acreuge grown 5,250,000 ., Source Drs. W. Luckman and Don Kublmen

Table 34, Corn Pest Control in Illinois,
Eh:st (':c.entral,' Southwest, Southeast Re&im‘lrvvrngo yield .202-3 b /a Period 1972-7h
tixtent of Problem(%) Treutments Scouting | comment
Line Cultural Pests AP Yield/a Cost /A )
No. Practice fSrstag |ocreage,y |festicides usea Materials | Application| Total Code
Chemical |Being. Treate Cost/A Cost/a Cost/a With Without
Treatment [ Treated |ments 1bs/A/Treatment ($) $) (%) $)
(%) (%) per TreatmentTreatment
’ season CH oP [
1 Continuous Lol N. & W.
Rootworm_| 5 60 1 o f(1/2 |1/2 4,00~ 102-3 '90-92 1
8.00
"2 Rotation 60 hd
0 30 1 dyze L asu ] b.00- 102-3 102-3 1
8.00
4 Scouting N L W
Roatuorn S 1 1/311/3 11/3 L. 00- 102-3 1.00 3
Corn. Borew . 8.00
Leafl aphid
CTontIntous 40 | Black
Cutworm 3 50 1 1 4 5,00~ 102-3 50 1
8.00
Rotatio: 60 | Biack
Cutworm ¢ 3 30 1 1 5.00~ 102-3 5o 1
8.00
Continuoug . |40 |Corn horer .
—_ 2 1 1 1/2 |1/2 5.00~- 102-3 92-93 1
N _ 6.00
Rotation 60 _|Corn horer
N 2 1 1 1/2 11/2 5.00- 102-3 | 92-93 1
6.00
Continuous 40 ILeal Aphid |
2 1 1 1 5.00~ 102-3 92-93 1
6.00
Rotation K0 JLeaf Aphid
2 1 1 1 5.00- | 102-3 | 92-93 1
6.00
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lable 35, Corn Pest Control in Illinois, Acveagu grown 2:238,000 ___ Source.Dr. W:. Luckman and Dr. Don
Northwest, Northeast, Central Region, Average yield 102-10% bu/A Period 1972-Th
Line Cultural Pests L:z:’el: :f Prz:;:m e( 2 Pesticides Used . I Yield /A sgg“:/ifg comef
No. Practice Need igg CAurrer%Iy T%'_"“'u " iMaterials | Application| Total sUR 1 Code
Chemical |Being. Treat~ Cost /A Cost /A |Cost/a [With Without
Treatment|Treated |ments 1bs/i/Treatment $)- ($) ($) $)
1 (£) - (%) per “ Ireatment]Treatment
. ' season| CH | OP o}
1 Centinuous 554 N. & W, .
60} Rootworm ]| 25 90 1 /2 /2 L. oo~ 102-3 90-92 1
8.00
2 Rotation Lo -
15 5 45 1 1/8 |1/2 | 3/8 }4.00- 102-3 1
8.00
L Scouting N. & W,
Rootworm 25 1 1/3 11/3 | 1/3 k.00~ 102-3 1.00 3
Leaf Avhid 8.00
Corn bore- -
Continuous 55-| Black
60 Cutworm 3 20 1 5.00- 102-3 50 1
1 g
8.00
Rotalion 47~ Blnck
5] Cutworm 3 20 1 1 5.00- 102-3 50 1
8.00
“Continuous )2=1Corn_horer
: o9 2 1 1 1/2 |1/2| 5.00- | 102-3 92-93 1
- 6-00 =~
Rotation 0-]Corn borer
b5 2 1 1 1/2 |1/2 5.00- 102-3 92-93 1
6.00
Continuous S5-]Leaf Aphid
60 b 2 1 1 5.00- 102-3 92-93 1
6.00
Rotation O-1Leaf Aphid '
L5 L 2 1 1 5.00- 102-3 92-93 1
6.00
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Table 36,  Corn Pest Control in Indiana

Aerenpn grown 6,000,010 _ _  Source —..r. Thomas Turpin

Avernge yield .92 bu/A

Porjoq ~2972-73

Line

Cultural

Fxtent of I'roblom(%)

Trealments

Posln YioTd Scouting { Commen|
No. Practice Needing |AHRASAy |4—vResticices used —jucoion s { Application| Total e Cost/A | Codér
Chemicul |Being. Treat- Cost/A Cost/A Cost/A [With Without
Treatment | Treated ments  1bs/A/Trcotneny ($) $) (%) ($)
P4 per treatnentTeeatment
(%) (%) season { o 1op | ¢
N Continuocus hof n.& W,
4 100 100 1 3/h ) 1/h 2,79 0.50 3.29 92 90 1
Yireworm
- [MILATY N
5 Rotation €0 Wireworm |
Cutvorm | 10 10 1 /2 | 1/2] 2.79 0.50 3,29 92 91 1
3 Scouting N, & W,
Rootworm 100 1 /b j1/2 | 1/k 2.79 0.50 3.29 92 2.00 3
* Wireworm
Cutywornm
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SIS 4 5 D Harry Stockdal
Table 37, Corn Control in Iowa, Aerenge pgrown _1,500.£00 Source Dr Try
Bottom Land Region,

Averege yicla 111 bu/A Period 1972-Th
Line Cultural Pest Extent of Problem(# Tregtments - A Scouting Commer;r
ur ests Yield/s Cost/A Code
K. Practice hrasy (ﬁﬁrxe&%y sPgsticides Usea . lv.persa1s | Application| Total V.
Chemical |3eing. Treat- Cost/A | Cost/a |Cost/A [With Without ($)
1 A tnent
. 'Iae)ntment I‘xit;u)ted ;::ts 1os/MTreatnen $) ($) ($) e eatment e eatment
season| CH | OP c
1 Continudus ~ 25§ Cutworms
Rootworms | 60 6l 1 1/2| 1/8{"1/4 3.50 0 3.50 m 110 1
Corn_borer | -—
Mirewormg
Rotation 751 Cutworm 1
Corn_vorer 6o 67 1 /21 1/4 | 1/8 3.40 0 3.50 111 06 1
Wireworm
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Yable 38, Corn Pest Control in Tows, Aerenge grown 10,500,000 Source Dr. Harry Stockdale

1
Qther Land Region, 111 bu/A

Average yield Period JL972-T4

txtent of Problem(%) Trc: Lments Scoutin |
Cultural Pesto — Yicld /A Cost/ﬂz Cg"‘z‘-‘i“
Practice fexadys bgreageyy | Fesicides Used . Woterials | Application| Total ode
Chemical {Being. Trente Cont/A Cost /A | Cost/A |With Without
Treatment |Treated |ments 1bs/A/Treatmeny ($) ($) $) ($)
4 (%) (%) per Ureatmentireatment
beason | CHl | OoP C
Continuous 25 | Rootvorms
Cornborer 88 72 1 1/4] 1/2] /4 h.s0 0 k.50 111 104 1
Wireworms
Cutworms
hotations 75 | Cornborer
Wirewplms 0 (an 1 1/k) 1/211/8|  L.so 0 .50 111, 10k 1
Cutworns

—— e e —————f
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“Jable 39, Corn Pest Control in Kansas,
Dry Land Region,

Acreage grown 850,000

Average yield 80_bu/A

Period —1972-T4

Source ..2rs. LeRoy Brooks and Del Gates

Fxtent of Problem(%) Trectments Scouting | commen:
Line Cultural Pests  rreage T RCTeIgE— : Yield/A Cost /A | Code k
Fo. Practice Needing [Cuwrrently pResticides Used . hoyeria1s | Application| Total
Chemical |Being. Treate- Cost/A Cost/a | Cost/A [With Without
Treatment|Treated [ments 1bs/A/Treatment] ($) ($) $) ($)
p4 (%) (%) pex TreatmentTreatment
. season Cit oP [
1 tontinuous °r |65 ] Rootworm '
: 62 100 1 1/2 172 5.00 80 50 1
2 otation = 35 Rootworm
0 29 1 1/2 ]1/2 5.00 80 80 1




2L

fable U0, Corn Pest Control in Kansas, Acreage grown 850,000 Source .Drs. LeRoy Drooks and Del Gates . .
Irrigated Region.
Average yleld 213 bu/A Pericd . 2972-Th
Line Bxtent of Problom(?) Treavment s 1.
Yo. Cultural Pesls  peveyge—TACresge | Pesticides Used . Yield /2 séouu/'zb Comme:y]
Practice Needing |Currently |7 of Mnterinls { Application) Total - ost Code
Chemical |Being. Treat- Cost/a Cost/p Cost/A |With Without
Treatment |“reated [ments lbs/ll/'l‘rcutmen‘q $) (#) ($) $)
14 ) (%) per - Creatmenylreatment
c  season| Clt_{ OV C
Continucus o5 fhootworm .
1 1 62 100 1 /2 |x/2 5.00 115 50 1
2 Rotation Iootworm

0 29 1 1/2 {:/2 5.00 115 115 1

Continuous LS Jspider mite |
T T 1 1/2 |:/2 4,25 115 85 1

| Rotation 5 |Spider mite

T n 1 /2 |1/2 .25 15 85 1

Continuous 5 corn borere8
Forn borer 12 3 1 /2 |:/2 k.25 115 76 1

Rotation 5_] Corn borer 2
Corn_borer 12 3 1 /2 1i/2 4.25 1ns 16 1

Continuous _BE lestern Bean
Cutworm 29 29 1 n/2 [1/2 h.25 s 76 1

RotatIcn 35 Pestern Bean
~Cutworn 29 29 1 /2 {1/2 Ju.25 15 16 1
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41, Corn Pest Control in Kentucky,

385,000

Dr. Wes Gregory

Tabl.e Eastern Region, Acroenge grown oource
Average yield 85 bu/a Period 1972-74
;'.!.ine Cultural Pests |rXtent of Problem(% ) : Treatmentf - — Scouting | cormen
o Practice l@&gs?ﬂs éﬁ?g%ﬂ%ly Festicides Used .. lyooertals Application| Total 2304, Cost /A | Coaé
Chemical |Being. Treat- Cost/A Cost /A | Cost/A [With Without
Treatment | Treated {ments Abs/A/Treatment] $) (4) ($) ($)
4 (%) (%) per Treatmeny{Treatment
season! CH_| OP c
1 Continuous 17 | Subterranean
{conventional ) Cutworm | 6-7 8-10 1 1/2{ 1/4 [ L/ 3.00 3.00 85 68 1
2 Rotation 12 ] Subterraneay
{conventional) Cutworm 6-7 8-10 1 1/2{1/% | 1/4 3.00 3.00 85 68 b3
3 Continuous 43 ¥ Root aphid
(T T111) Wireworm 4o 4o 1 1/2| 1/4f /4| 3.00 3.00 85 68-T2 1
Cutworm
h Rotation 26 [ Root aphid
(Vo Till) Vireworm
Cotvorn | ko 4o 1 1/2 |1/8 ) 1/4} 3.00 3.00 85 68-T2 1
. Continuous 17 {Corn berer
{conventicnal) . 35 35 1 2 1/2]| 2.00 .15 2.75 85 70 1
Corn borer2®
Rotation 12 Coxjn borer
(conventional) 35 35 1 2 1/2| 2.00 .75 2.75 85 70 1
Corn borered
Continuous 43 JCorn borer
(No Ti11) 35 35 1 2 1/2] 2.00 <75 2.75 85 70 1
Corn_borercd
Rotation 28 [Corn borer
(Yo Till) 35 35 1 2 1/2| 2.00 15 2.75 85 T0 1
Corn borerz0
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Line
No.

Table Y42, Corn Pest Control in Kentucky, Aerengy grown 12,000 Source ..Dr. Wes Gregory
Western Region,
Average yield 85 bu/A Period 2972-Th
%t ki ¥ !
Cultural Peots Extent of Problem(%)] - Treutments Scouting Comme:i
Practice l&\?&??ﬂﬁ &H'F@ﬂﬁy‘Mmcme‘!'—ﬂaterials Application] Total /A ] Cost/A | Code
Chemical |Being. Treate Cost/a Cost/A Cost/A Without
Treatment |Treated [ments 1bs/A/Treatment $) $) $) . $)
# (%) (% | eatmen(|Treatment
season | CH op C
Continuous 13 | Subterranean| »
I~ {conventional) Tutworm | 10 20 1 /2| 1/4| 1/4} 3.00 3.00 85 68 1
Rotation 12 Subterr.anem
(conventIonal) Cutworm 10 20 1 1/2 § 1/4] 1/8} 3.00 3.00 85 68 1
Continuous 2 [ Root aphid
(fio Till) Viireworm ko ko 1 172 /4 /4| 3.00 3.00 8s 68-72 1
Cutworm
Rotation 13 JRoot aphid
o TH) '~ Wireworm ko ko 1 |2 1/b]2/8] 3.00 3.00 8s 68-72 1
- T Cutworm
Continuous 13 Corn borer
{conventional) 35 35 1 2 1/2f 2.00 75 2.75 85 56 1
Corn horer-Y
Rotation 2 {Corn vorer
{conventional) 35 35 1 2 1/2]| 2.00 .15 2.75 85 56 1
Corn borerdd
Continuous 2 [orn borer
(o Ti11) 35 35 1 2 1/2} 2.00 .15 2.75 85 56 1
Corn borarzd
Rotation 3 Eorn borex
{No Ti1l1) 35 35 1 2 1/2| 2.00 .15 2.75 85 56 1
forn_borered
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Table 43, Corn Pest Control in Michigan, Acrense grown .1.700.000 Source .Dr. Robert Ruppel

Averuge yield 80 bu/k Perioa L1972=Th
Iine Cultural Pests Extent of Problem(%) Trentments i Scouting | commen:
No. . : ici , Yield/A "8
° Proctice ASTERSS | AGHRaTRLy |4chesticides Useo by oria s | Appiication| Total = Cosy/a"{ Coae
Chemical |Being. Treat- Cost/A Cost/a Cost/p [With Without
Treatment | Treated [ments 1bs/A/Trea‘.ment ($) %) ($) $)
4 (%) (%) per ) 'reatment|{Treatment
season{ CH | OP [o]
Continuous 22 SOTN, & W, ,
1 Rootwormy U1 N 1 1 6.00 80 66 1
Rotation s L2
2 0 0 0 0 80 1
Continuous £< 5S¢ § Corn borer 8
1
6 1 1 150 515 2.75 5.50 o 72
Hotation<y 42 f Lorn borer 6 1 1 1.5 80 72 1
2.15 2.75 5.50
Continuous &< St | Arayworn
6 3 1 1.5 5.25 80 60 by
2.50 2.75 .
“Hotation <2 42 | Armyworm
6 3 1 1.5 5.50 80 60 1
2.75 2.75 .
Continuous << 5971 Cutworm
8 3 1 1.5 2.75 2.75 5.50 80 68 1
RoTation =3 77 Totworm -
8 3 1 1.5 2.75 2.75 5.50 80 68 1
3 Scouting 2
3.10 3




LEL

Table Wb, Corn Pest Control in Mianesota.,

Aereage grown 6,800,000 Source Dr. Huai Chiang and Dr. David loetzel

Average yleld .23 bu/a

Period 1972-Tk

Line Cultural Pests Pxtent of Froblem(#) Treatmente Yiel Scouting | commens
Ko. Practice cLeage cOFrenesy | 4-pesticices used. . jyiterials | AppLication| Totar eld/p Cost/A | code
ChemicfL 3eing. Treat- Cost/A Cost/A Cost/A [With Without
Treatment | Treated {ments 1bs/A/Treatment ($) $) ($) {$)
4 (%) (%) per F I'reatment]Treatment
season| CH | OP C
1 Continuous 40 | LW Corn
; Rootworm | 60 60 1 1/2{ 1/2 4,00 93 87 1
Corn torer 186-88)
ontinuous La | Wireworms
Cutworms .3 1 1/2{ 1/2 5.00 93 87 1
(86-88)
2 Rotations 20 ] Corn borer :
0.3 1 1/2] 1/2 5.00 93 92 1
Wireworms
Lutvol
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Talle  h5. Corn Pest Control in Missourd, Acrenpse grown La200,0°00 Sourgo Jiva. _Mahlon Falrehltd, foorge, Thomd,. fobert Stoltz, and

Bottomland Region, h'i..l.J iam Kewrby and Armon Eeastcr
Average yiela 105 bu/i Perioq J2T2-T4
Line Cultural Peate  frbent of Sroblem(s) — Trwtmcnts. Seouting | commen'
Fo. Practice NeeF§s c%‘i’i?&ﬂﬁy L p-opesticides Used—— hipgertals | Application| Total el d/h Cost/A | Codel
Chemical |Being. Treate Cost/p Coat/A Cost/A {With Without
Treatment |Treated {ments 1bs/A/Treatment ($) ($) ($) ($)
4 (%) (% per Ireoatmeni{Treatment
season ) CH | OP [
1 ontinuous o> [ Cutworm
- Rcotworm 1] . .
CSTITGOFeT 32 32 1 JA511/3 1°1/3) 3.50 0 3.50 105 50 1
wirewornt
2 ROvALiON 35 j Cutworm
Corn borer 58 58 1 1 {a/2 | 1/4{ 3.50 0 3.50 105 55 1
Wireworm




eel

Line
Ko.

iable 46, Corn Pest Control in Missouri, Acreage grown _£2800,030 SourceDrS. Fairchild, George Thomas, Robert Stoltz, William
Other land than Bottomland Kearby and Armon Keaster
an an 50 andy Average yiold AL w/a Period 1972=Th
B 20 p [ TPrre
Cullural Pests xtcnt of Problem(¥ s Leatments —_— n Scouting | comne:,:
Practice fsxgage  |8qreagtyy [r-desticioes Used — Wotorgayg | Application| Total SIUA Cost/A | code *
Chemic Being. Treot- Cost/a Cost/p Cost/p [With Without
Treatment | Treated ments  Lbs/A/Troutment] $) ($) 4 ($)
P4 %) (%) per LrentmentTrcatment
seasom oy lor | ¢
Continuous 140 | Rootworm
Corn borer ' 5 5 1 A511/3 1 1/3] 3.50 0 3.50 67 65 1
Wireworm
otation 60 | Corn borer
Wirewcrm 0 0 (] 0 67 67 1
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Tuble Y47, Corn Pest Control in Nebraska, Aereage grown _32200,¢00 Source s %- B. Muyo
Dryland Region, 8
0 bu/# 1972-Th
Average yield Period
Line Cultural Pests l~:);‘ten‘\'. of Problem(%) : Treatments — Sgou: & | commen
No. Practice Ne%'&ei?\%e (!\ug!;'eean&iy T%F'uﬂm‘ Haterials | Application| Total - 08 Code
Chemical {Being. Treat~ Cost/A Cost/A Cost/A [With Without
Treatment [Treated [ments 1bs/A/Treatuent ($) (%) ($) {$)
P’ %) %) per IreatmenyTreatment
Feason | CH | OP [
1 Tontinuous %u] W. Rootworm .
Wireworn 1 80 80 1 .5 | .5 k. 50- 80 65-70 1
Cotworn (rootworm) 8.00 -
2 THTIOT 50 Feivew
Cutworn 0 5° 2 .5 .5 L.50- 8o 1
rootworm) 8.00
3 Sconting OlU _ Roast
_Continuous 30-k0 1 .5 .5 k.50- 80 2.00 2
g 8.00
AIT corn 100} Corn borer -
20 20 1 1 6.00 80 60 1
b All corn 100f Corn torer
Scouting 16 1 1 6.00 80 2.00 2
5 ALl corn 100} Corn_borer ]
Torn borer 10 1 1 6.00 . 80 3
resistance
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Toble 48, Corn Pest Control in Nebraska,
Irrigated Region,

Acrenge grown 2,100,000 | Source ... Z. B, Mayo
Period 1972-Th

Average yield 113 bu/A

Line Cultural Pesly  Lixbent of Probi om(%) — Treaw.ment s Scouting | Conment
Ko, Practice l&%ﬁan%e "'ﬁﬂ‘%'?&ely _”_g.gs.tlc.ldes:__Us ed . Mnterials | Application| Total Yicld/A Cost/A | coadt
Chemical |Being. Treat- Coat/A Cost/A Cost/A |With Without
Treatment|%rcated |ments 1bs/A/Trentren ($) (4) 4) ($)
b4 (%) (%) per Lreatmenyireulment
Eeason | CH | OP c
1 Continuous 90 ] W, Rootworm
Vireworm 85 85 1 5] .5 4.50- 115 105-110 1
Culvorg (80-90) 8.00
rootworms
2 Rotation 10 |Wiveworn
Lutvorm 0 <5 1 5] .s b.50- 1us 1
rootworms 8.00
3 Scouting 90 [ Rootworm
Continuous
30-40 1 5| .5 k.50~ 115 2.00 2
8.00
ATT corn 100:Corn borer
- 10 10 1 1 6.00 115 105 1
b f HI corn _[F99[Corn Borex
Scouting - 8 1 1 6.00 115 2.00 2
XTI corn 100[Corn borer .
Torn borer 5 1 1 6.00 115 3
resistant
All corn 100] Spider mite
10 15 1 1 6.00 115 100-105 1
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Table 49, Corn Pest Control in New York. Aereape grown 360,030 Source Drs. A.A. Muka and D. Pimentel

Average yield o TT WA perica 1972-Th
o .
Line Cultural Pests Extent of Problem(%) Treatments Scouting Conmen
No. Practice r&%ﬁe?ﬂﬁ CA\&';%angce.l.y Tgf;'uddes_usea”_ vaterials | Application| Total tield/y Cost/A | Code
Chemical |Being. Treatw Cost/A Cost/A Cost/A [With Without
Treatment|Treated Jments 1bs/A/Treatment ($) ($) 4) $)
¥ (%) (%) per Treatmenttl‘reatment
geason| CH | OP [o
1 CORT1AuoUS 0 [, Rootworm
Sorn Borer 30 ho 1 1/2 |1/2 10.00 T7 76 1
eaf Aphid
C rsworm
2 Rotation {0 EKorn Borer
Leaf Aphid 2 2 1 L/2 7.00 7 17 1
\rmyworm
3 Scouting
30 1 /2 |i/2 10.00 17 2.00 3
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Table 50, Corn Pest Control in North Carolina.

Average yield £3 hu/A

Aereage grown

1,500,000

Source

Dr. Robert Robertson

Period _1972-Th

Line Culturnl Pests Fxt.ent of Froblom(%) Treatments Scouting | commen:
No. Practice fszaems  |0GFRa8RLy |4-Besticides Used — |vateriale | Apidication| Total Lod/a Cost /A | Codeb
Chemical |3eing. Preut- Cost/a Cout/p Cost/A [With Without
Treatment |Treated [meubts 1bs/A/freut acnt 4) ($) ($) ($)
1 (%) (%) per 'reatmenylrcutment
season | cy § oP C
1 Continuous 17 { Billbugs
Yirewvorm: ' 18 15 1 1/2 3/h 6.20. 65 Lo 1
S. Rootworm || (17-19) | (10-20) (35-45)
gorn hoyar .
2 Rotation 83 A1l
| 18 15 1 1/2 3/4 6.20 65 Lo 1
(17-19) {(10-20) (35-15)
3 Scouting
15 1 1/2 3/4 6.20 65 2.00 3
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Table” 51 Corn Pest Control in Qhio,

Acreuge grown L‘.LM !
Eastern Region,

Source r. Gerald Musick and Dr, Robert Treece

Average yield 7Q hu/A-. . Period J1972=74
Line Cultural Pents fxtent of l’r:blmn(x Jreatments Tiela Scouting Commg:'
. X sed.. .. / ’
o Practice l&%’éﬁ:ﬁe Currently y-ogsticidas Used. Materials | Application| Total = Cost /A | Cod
Chemical |Being. Treat- Costfy Cost/p |Costyy [With Without
Treatment |Treated {ments 1b's/ll/'1'rcatmenq ($) ($) ($) ($)
3 %) | (% per Ireatmen{{Treatment
. season CH QP C
1 Continuous 35 | N. Rootworm |
Corr borer ! 26 26 1 .26 | Juk| .537 4.00 T k.00 T0 . 66 1
Cutworm (20-30) (20-30)
Hirewornm
> Rotation 65 | Corn borer
Cutworm 24 24 1 v} .36} 44| 3.00 ] T 3.00 70 67 1
Wireworm (20-30) | (20-30)
3 Scouting €2 - .
1 .26 | .44 53] 3.00 T %00 70 4.00 3




Table 52, Corn Pest Control in Ohio, Acreage: grown 2,400,000
Western Region,

Source .. Gerald Musick apd e, Bobert Traece

Average yield 1RO bu/s Period A272=Th

6el

Line - txlent of I'roblem(f) I'rentments , |
No. g:i::;:t Pesty l\crez.a.ge creege Pesticides Used _ Yield/A S(c::::j/.;‘\b Cormen
Needing {Currently|7 of Materials | Application| Total Cod
Chemical |Deing. Treat- Cost/a Cost/a Cost/p [With Without
Treatment|Treated |[ments 1bs/h/Treatnent 4$) ($ 1 ($)
[4 (%) (%) per ) (%) reatment{Treatment
season oy Jop | ¢
1 Continuous €9 { N. Rootworm .
Corn borer ! 60 80 1 .18 221 .26 k.00 T k.oo 110 100 L
Cutworm
- Yirevornm
P Rotation Lo} Corn borer
Culworm Lo 80 1 .0 .05 .07T{ 3.00 T 3.00 110 100 1
Vireworm
Scouting 2o . Rooiworm
Continuous Corn borer
Cotuorm 60 1 .18 22| .26 3.00 T 3.00 110 100 k.00 3
Wireworm
Sccuting=? Cort borer
Rotaticn Culworm
evors ko 1 1.0] .05 |.07] 3.00 T 3.00 110 100 .00 3
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Table 53, Corn Pest Control inm South Dakota,

Acrenge grown 3,600,000

Dr. David Walgenbach

Source
T4
Average yield 65 bu/t Period 1972-7
Line -Cultural Pests Fxtent of Problem(%) Ircotments Tan Scoutixls Commeﬂ‘
No. Practice veed LAE Cﬁgigﬁﬁy ot osideides lsed Materials { Application) Total Yic Cost/ Code
» Chemical g:ing, Treat- . Coot/a-| Cost/A [Cost/a [With Without
“ITreatment|Treated Iments 1bs/A/Trecatment ($) ($) 4 Chemical |Chemical $)
g (%) (x) per IreatmentTreatment
. season | CH | OP C
1 |_Continuous b2 I & W Root- |
’ —worm 1 200 100 1 1/2|1/2 5.00 65 53 1
2 |._Rotation SR 14 & W Root-
: worm. 33 33 1 1/2]1/2 5.00 65 55 1
—Total Q01Grasshovpers
6 3 1 /2] 1 k.00 65 52 1
_Total 5,00 jCutworms
Yireworms 1 17 1 1 4.00 65 50 1
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2,270,000 Crain Dr. James Apple

Pable S5, Corn Pest Control in Wisconsin, Aerenge grown Source
’ 1972-Th
Average ylela 30 bu/A Pericd
i £ Problem(%) Trealments .
Line Cultural Pests xtent of Pro (2 — - ——— ocouti/.r‘{g Cowmmen’
No. Practice %’éﬁg Wiy Tr‘i‘o iticides lsed.. Vaterials { Applicntion| Total < Cost: Code
Chemicul |Being. Treat- Coot/A Cont/a Cout/p (With Without .
Treutment |'freated  Jmenbs  1bs/A/Preatment ($)
(¥) () (%) e otn Limeons 1l ,
¥ 03 %) per Urealmeniflreutment
scason| CIf_{ op C
3 Continuous 63 |i&W Rootworm 75 100 1 1,0 1.0 5.00 1.00 6.00 90 82 1
Cont inuous 63 JLeaf aphid
Corn borer 2 1 1 .511.51.00-3.00| 3.00 4.00- 90 80 1
Cutworm [- 6.00
Rotation 37 |Leaf aphid
2 Corn_borer 2 1 1 .5121.5p.00-3,00 3.00 4,00~ 90 80 1
Cutworm 6.00
5 peouting - N&W_Rootworm
Leaf oohid 3
Cont.inuo_us Leaf po 15 1 1 T 2 3.50 7 3.50 90 2.00 3

Coyrn_borer
Cutworm




A28

Tahlé' 55, Corn Pest Control in Wyoming. Acrenge grown 65,000 __ Source.lu. Chris JBurkbardt

Average yield .70+ bu/A Period 1972-74
;1“ Cultural Peats Fxtent of Problem(%) Treatments Scoutl ne | commen
"_ @ Practice _ ﬁggﬁfﬁﬁ } &ﬁiﬁ%ﬁhy (I)’ : - ‘Mhterials Application| Total Lield/y Cost /A Codék
Chemical' [Being. Treate~ Cost /A Cost/A Cost/A |With Without
' Treatment |Treated {ments 1ba/A/Treatment $) ) ($) . {$)
[ 4 (2 73] per IreatmenyTreatment
| season| CH | op c
1 Continuous 10} W, Rootworm .
Mites 10 7 1 /4| 1/2].1/8} s.00 0 5.00 T0+ Sh H
Wirewornm
Cutworns
Rotation 90 § W. Rootworm
2 Thites 6 0 1 1/8 | 1/2] 1/8} 5.00 0 5.00 To+ 65 1
Y eSIStany variety o1 [ V. Nootworm -
Others 0 0 0 TO+ 3
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13.
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15.
16.

FOOTNOTES

For the added materials and costs for any control program that includes

gig$ause control see "diapause" below "double line" on each respective
able.

For the added materials and costs for any control program that includes

€r§$ crop control see "trap crop" below "double line" on each respective
able.

Trap crop occupies only 5% of the total cotton acreage. Dosage and cost
given is for the treatment of only the trap crop.

Comment codes are as follows:

Current practices
Alternative pest controls that could be put into practice within one year

1
2
3
could be put into practice in 5 to 10 years

Trap crop in this situation refers to the alternate cutting of alfalfa
fields to‘leave live alfalfa fields for plant bug control.

By ceasing to irrigate the cotton further in August, growth of the cotton
can be terminated.

No one treats automatically anymore. Everyone scouts to some degree.
Fields are scouted by insecticide representatives and others.
Scouting in this case means "supervised pest control."

Trap crop in this situation refers to the interplanting of cotton with
strips of alfalfa to attract plant bugs.

By managing the crops that are grown adjacent to cotton, it is estimated
that the number of sprays would be reduced by 1-2.

Treatments may be required rarely. Scouting will determine when treatments
are needed and time these accurately.

The advantage of scouting is timing.

Trap crop = sorghum interplanted in cotton, 4 rows to 24 of cotton.
Added cost = $3.00.

Treatments reduced significantly.

Early and uniform destruction of cotton stalks on an area-wide basis for
bol1l weevil control.

143

Alternative pest controls that require additional research and potentially
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18.
19.

20.

21.

22.

23.
24.
25.

26.

27.

28.
29.

Reducing irrigation and lowering the amount of fertilizer will reduce the
growth of the cotton plants and make them less attractive to the bollworms
and budworms late in the season.

Only in certain counties; 5-7% of the acreagel
Early and uniform destruction of cotton stalks on an area-wide basis for

boll weevil control. Destroying the stalks on 70% of the acreage is
ineffective.

43 bu reflects mean for Florida. With chemical treatment, it has
shown consistently that yields may be increased 50-75%.

The spider mite, European and southwestern corn borer and western bean
cutworm are not a problem in these sections.

Corn in two years before rootworms are a problem. Second year corn is
not bothered.

25% of the corn is in annual rotation.
Insect problems sporadic and diverse. A sound predictive index is needed.

May not decrease the number of treatments but would improve the timing of
applications by having an effective insect pest monitoring program.

Monitorih§ of insect pest populations could be carried out by the growers
themselves. Would improve timing of applications. Commercial scouting
is not practical at present.

This resistance would be primarily tolerance in the ability of the corn
plant to regenerate roots.

Southwestern corn borer. A1l other references are to European corn borer.

Trap crop sprayed with pheromones.
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